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ABSTRACT

Introduction: In addition to the higher prevalence of EGFR
mutations found among lung cancer cases in East Asian
patients, it is unclear whether there are differences in
treatment outcomes by ethnicity—that is, East Asian versus
non–East Asian.

Methods: Patients diagnosed with EGFR-mutant lung can-
cer between January 2004 and October 2014 at a single
center were reviewed. Data captured included de-
mographics, tumor and treatment information, and survival.
Survival of patients of East Asian and non–East Asian
ancestry was compared, including in the subgroup that
received EGFR tyrosine kinase inhibitor (TKI) for advanced
disease and in those with early-stage disease that under-
went surgical resection.

Results: A total of 348 patients with EGFR-mutant NSCLC
were identified. There was a higher proportion of non-
smokers among those of East Asian ethnicity. No significant
difference in survival was seen between patients of East
Asian and non–East Asian ethnicity, median 6.7 years (95%
confidence interval [CI]: 5.4–not applicable) and 5.4 years
(95% CI: 4.1–7.2), respectively (p ¼ 0.09). Among 196 pa-
tients that received treatment with EGFR TKI, the median
survival from TKI initiation was also similar for those of
East Asian and non–East Asian ethnicity, 3.0 years (95% CI:
2.1–3.5) and 2.7 years (95% CI: 2.2–3.5), respectively.
Among the early-stage patients that underwent surgical
resection (n ¼ 163), those of East Asian ethnicity had
similar median recurrence-free survival from surgery
compared with non–East Asian patients, 5.3 years (95% CI:
3.5–not applicable) and 5.1 years (95% CI: 3.3–7.2),
respectively.
Conclusions: In a cohort of patients with EGFR-mutant lung
cancer with access to uniform standards of care, East Asian
ethnicity was not associated with improved survival after
treatment with EGFR TKI or surgical resection.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
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Introduction
Lung cancer management has evolved significantly

over the past decade. Molecular testing for genomic al-
terations at the time of NSCLC diagnosis has become the
standard of care along with the development and inte-
gration of molecularly targeted therapy. Tyrosine kinase
inhibitors (TKIs) targeting activating mutations in the
EGFR gene have become the standard of care in patients
with advanced EGFR-mutant lung cancer with significant
improvements in response rates, quality of life, lung
cancer–specific symptoms, and progression-free survival
(PFS) compared with chemotherapy.1–4 In patients with
early-stage NSCLC, surgical resection remains the
optimal treatment for patients with good or low surgical
risk, with improved relapse-free survival with adjuvant
EGFR TKI in those with completely resected EGFR-
mutant lung cancer (stages IB–IIIA).5,6

Among patients with advanced EGFR-mutant lung
cancer treated with EGFR TKIs, varying levels of benefit
have been observed in studies of different geographic and
ethnic groups, such as the Erlotinib versus standard
chemotherapy as first-line treatment for European pa-
tients with advanced EGFR mutation-positive non-small-
cell lung cancer study in Europe and Erlotinib versus
chemotherapy as first-line treatment for patients with
advanced EGFR mutation-positive non-small-cell lung
cancer study in Asia.1–4,7 Both trials compared outcomes
with erlotinib versus chemotherapy asfirst-line treatment
for patients with advanced EGFR-mutant lung cancer.
Whereas both revealed superiority of the TKI over
chemotherapy, patient outcomes varied. In the Erlotinib
versus standard chemotherapy as first-line treatment for
European patientswith advancedEGFRmutation-positive
non-small-cell lung cancer study, patients receiving EGFR
TKI had a median PFS of 9.7 months compared with 5.2
348 pa�ents with 
EGFR-muta�on 
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Figure 1. Flow diagram of study participants and treatment.
aA total of 163 early-stage patients underwent curative sur-
gery. bA total of 111 patients with de novo advanced lung
cancer received EGFR TKI as initial therapy. cThree patients
underwent surgery with an early clinical stage and were
identified as stage IIIB (n ¼ 1) and stage IV (n ¼ 2) at diagnosis
on pathologic stage. TKI, tyrosine kinase inhibitor.
months with chemotherapy (hazard ratio [HR] ¼ 0.37,
95%confidence interval [CI]: 0.25–0.54).1 In the Erlotinib
versus chemotherapy as first-line treatment for patients
with advanced EGFR mutation-positive non-small-cell
lung cancer study, themedian PFSwith EGFRTKIwas 13.1
months compared with 4.6 months with chemotherapy
(HR ¼ 0.16, 95% CI: 0.10–0.26).7

In the AZD9291 versus Gefitinib or Erlotinib in pa-
tients with locally advanced or metastatic non-small cell
lung cancer study of first-line osimertinib versus first-
generation EGFR TKI, subgroup analyses suggested
greater benefit in patients of non-Asian ethnicity
compared with those of Asian ethnicity, although both
groups derived benefit.8 Conflicting data exist regarding
whether Asian patients with EGFR-mutant lung cancer
have better outcomes than non-Asian patients.1,7,9

Even in patients with early-stage NSCLC, ethnicity
has been linked to differences in lung cancer stage at
the time of resection, decisions to undergo surgery,
and survival outcomes.10–12

It is unclear from the current literature whether
ethnicity may be associated with outcomes in patients
with EGFR-mutant lung cancer. In this single-center
study with uniform treatment patterns for all patients,
we explored whether differences exist in survival out-
comes between patients with EGFR-mutant lung cancer
of East Asian and non–East Asian ethnicity, including
after treatment with EGFR TKIs for advanced disease or
surgical resection for early stage.

Material and Methods
This study was approved by the University Health

Network research ethics board. Patients diagnosed with
EGFR-mutant NSCLC between January 2004 and October
2014 were reviewed. Data captured included de-
mographics, tumor and treatment characteristics, and
survival. Patient ethnicity was abstracted from electronic
medical records including patient self-report and
physician consultation notes.

East Asian ethnicity was defined as the ancestral
origin from the People’s Republic of China, Taiwan,
Hong Kong, Japan, Korea, Thailand, or the Philippines.
Patients with ancestral origin from all other countries
were classified as having non–East Asian ethnicity. For
study inclusion, patients required a pathologicic diag-
nosis of NSCLC with evidence of EGFR mutation and
documented report of ethnic status. The primary
objective of the study was to compare the long-term
survival between East Asian and non–East Asian pa-
tients after diagnosis of EGFR-mutant lung cancer.
Secondary objectives included a comparison of survival
between East Asians and non–East Asians after treat-
ment with EGFR TKIs in those with advanced lung
cancer and overall survival (OS) and recurrence-free



Table 1. Demographic and Treatment Characteristics for All Study Participants

Characteristic East Asian (n ¼ 165) Non–East Asian (n ¼ 183) p Value

Age at diagnosis
Mean ± SD 65.0 ± 12.2 64.0 ± 11.9 0.47
Median (range) 64.6 (39.4-92.8) 64.6 (30.2-91.1)
Sex, n (%)
Female 106 (64.2) 129 (70.5) 0.21
Male 59 (35.8) 54 (29.5)

Pathologic subtype, n (%)
Adenocarcinoma 160 (97.0) 177 (96.7) 0.74
Squamous cell carcinoma 2 (1.2) 1 (0.5)
Poorly differentiated carcinoma 1 (0.6) 3 (1.6)
Other 2 (1.2) 2 (1.1)

Stage at diagnosis, n (%)
I 57 (34.5) 61 (33.3) 0.91
II 16 (9.7) 17 (9.3)
IIIa 24 (14.5) 23 (12.6)
IV 68 (41.2) 82 (44.8)

Smoking, n (%)
Current smoker 3 (1.8) 9 (4.9) <0.0001
Former smoker 28 (17.0) 73 (39.9)
Nonsmoker 134 (81.2) 101 (55.2)

EGFR mutation variant, n (%)
Exon 19 deletion 91 (55.2) 109 (59.6) 0.71
Exon 21 L858R 66 (40.0) 66 (36.1)
Otherb 8 (4.8) 8 (4.4)

History of other malignancy, n (%)
Yes 46 (27.9) 48 (26.4) 0.75
No 119 (72.1) 134 (73.6)

Family history of lung cancer, n (%)
Yes 29 (20.3) 25 (15.3) 0.26
No 114 (79.7) 138 (84.7)

Non-TKI treatments received, n (%)
Chemotherapy 12 (6.7) 19 (10.4) 0.19
Curative surgery 82 (49.7) 84 (45.9)
Radical chemoradiation 8 (4.8) 12 (6.6)

EGFR TKI (palliative), n (%)
Any linec 91 (55.2) 105 (57.4)
First line 78 (47.3) 81 (44.3) 0.31
Second line 9 (5.5) 16 (8.7)
Third line or beyond 4 (2.4) 8 (4.4)

Note: Missing/unknown: history of other malignancy n ¼ 1, family history of lung cancer n ¼ 42.
aIncludes patients with incurable stage III disease.
bOther mutations include exon 18 and exon 20.
cIncludes patients with de novo incurable stage IIIB/IV (n ¼ 111) and also recurrent M1 disease (n ¼ 85).
TKI, tyrosine kinase inhibitor.
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survival (RFS) after surgical resection in those with
early-stage disease.

Statistical Analysis
Patient characteristics were summarized using

descriptive statistics and compared between ethnicity
groups using the chi-square test or Fisher’s exact test for
categorical variables and t test or Wilcoxon-Mann-
Whitney test for continuous variables, when appro-
priate. OS and RFS were calculated using the Kaplan-
Meier method, and log-rank test was used for testing
the differences between ethnic groups. RFS was calcu-
lated from the date of surgery to the date of recurrence
or death. OS was calculated from the date of diagnosis
for all patients and also from the date of TKI initiation
for patients receiving TKI treatment. Univariable and
multivariable Cox regression was performed for both OS
and RFS. Clinical factors included in the multivariable
Cox model were age, sex, ethnicity, smoking status, and
stage. Adjuvant chemotherapy receipt was also included
in RFS analysis. The proportional hazards assumption
was evaluated and satisfied. HR and 95% CI were
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Figure 2. Overall survival by ethnicity. (A) Survival of all patients from initial diagnosis (n ¼ 348); (B) survival from EGFR TKI
initiation as any line of therapy in advanced disease (n ¼ 196); (C) survival from EGFR TKI initiation as first-line therapy in
advanced disease (n ¼ 111); (D) survival from the time of surgical resection for early-stage patients (n ¼ 163). TKI, tyrosine
kinase inhibitor.
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reported. The statistical significance level was set at a p
value less than 0.05.
Results
Patient Demographics

We identified 348 patients with EGFR-mutant lung
cancer during the study period (Fig. 1). East Asian and
non–East Asian patients had similar baseline character-
istics including age, sex, stage, EGFR mutation variant,
and first treatment type (Table 1). There was a higher
proportion of never-smokers among East Asian patients
compared with non–East Asian patients (81.2% and
55.2%, respectively).
OS From Time of Diagnosis
In the entire patient population, the median follow-up

from the date of diagnosis was 4.5 years (range: 0.05–
14.8, interquartile range: 2.1–6.2). The median OS was
6.0 years in the entire cohort (95% CI: 5.2–7.2), and the
5-year and 10-year OS rates were 55.8% (95% CI:
50.5%–61.5%) and 31.0% (95% CI: 24.6%–39.0%),
respectively. The 5-year OS rate of patients diagnosed



Table 2. Multivariable Analysis of Overall Survival From Time of Diagnosis (N ¼ 348)

Parameter Hazard Ratio 95% Confidence Interval p Value

Age at diagnosis 1.01 0.99–1.02 0.41
Female sex 0.78 0.57–1.08 0.13
East Asian ethnicity 0.87 0.64–1.18 0.38
Ever-smokera 1.06 0.76–1.47 0.74
Stage (reference ¼ I) <0.0001
Stage II 2.42 1.31–4.47 0.005
Stage III 3.51 2.05–6.01 <0.0001
Stage IV 7.71 4.97–11.96 <0.0001

aEver-smoker (including current, former, and former light smokers of less than five pack-years) vs. never smoker.
TKI, tyrosine kinase inhibitor.
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with earlier-stage disease (stage I–IIIA) was 76.6% (95%
CI: 70.5%–83.1%) and 28.6% (95% CI: 21.9%–37.5%) for
those diagnosed with advanced-stage (stage IIIB–IV) dis-
ease. The median OS was 10.2 years (95% CI: 7.4–not
applicable [NA]) for those diagnosed with early-stage and
2.9 years (95% CI: 2.5–3.5) for advanced-stage patients.

The median OS (all stages) was 6.7 years (95% CI:
5.4–NA) among East Asian patients compared with 5.4
years (95% CI: 4.1–7.2) among patients of non–East
Asian ethnicity. The 5-year OS rates were 59.6% (95%
CI: 52.2%–68.1%) for East Asian patients and 52.2%
(95% CI: 45.1%–60.4%) for non–East Asian patients
(HR ¼ 0.78, 95% CI: 0.58–1.04, log-rank p ¼ 0.09;
Fig. 2A). In univariable analysis, female sex was associ-
ated with longer survival (HR ¼ 0.73, 95% CI: 0.54–0.99,
p ¼ 0.04), but in multivariable analysis, neither ethnicity
nor sex was significantly associated with survival after
adjusting for age at diagnosis, smoking status, and stage
(Table 2). Only the stage at diagnosis remained prog-
nostic in multivariable analysis (p < 0.0001). Former or
current smokers of East Asian ancestry had numerically
longer survival than those of non–East Asian ancestry,
but this was not statistically significant (HR ¼ 0.54, 95%
CI: 0.27–1.08, p ¼ 0.08). No difference was seen among
never-smokers by ethnicity (HR ¼ 1.08, 95% CI: 0.74–
1.56, p ¼ 0.70).
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Figure 3. Overall survival by line of EGFR TKI therapy in
patients with advanced-stage lung cancer (univariable anal-
ysis). TKI, tyrosine kinase inhibitor.
OS With EGFR TKI Treatment
The study identified 196 patients (56.3%) who

received treatment with EGFR TKI as any line of sys-
temic therapy for advanced disease. The median survival
time from first TKI initiation (any line of therapy) was
2.8 years (95% CI: 2.4–3.3). Survival was similar be-
tween patients of East Asian and non–East Asian
ethnicity, with a median OS of 3.0 years (95% CI: 2.1–
3.5) and 2.7 years (95% CI: 2.2–3.5), respectively (log-
rank p ¼ 0.79; Fig. 2B). In multivariable analysis, pa-
tients who received EGFR TKI as first-line (HR ¼ 0.34,
95% CI: 0.17–0.67, p ¼ 0.002) or second-line (HR ¼
0.36, 95% CI: 0.17–0.79, p ¼ 0.01) therapy for the
advanced disease had more favorable outcomes
compared with those who received EGFR TKI therapy as
third line and beyond (Supplementary Table 1 and
Fig. 3). East Asian ethnicity was not associated with OS,
(HR ¼ 1.08, 95% CI: 0.76–1.53, p ¼ 0.69), after adjusting
for age at first TKI initiation, sex, smoking status, stage at
diagnosis, and line of treatment.

Preplanned subgroup analysis was performed in pa-
tients diagnosed with de novo advanced lung cancer
(stage IIIB/IV) who received EGFR TKI as initial first-line
therapy (n ¼ 111; Supplementary Table 2 and Fig. 2C).
In multivariable analysis, no significant association was
observed between survival and ethnicity (HR ¼ 0.95,
95% CI: 0.61–1.49, p ¼ 0.84), after adjusting for age
(HR ¼ 1.00, 95% CI: 0.99–1.02), female sex (HR ¼ 0.73,
95% CI: 0.45–1.20), smoking (HR ¼ 0.76, 95% CI: 0.45–
1.30), and stage (stage IV versus IIIB, HR ¼ 2.66, 95% CI:
0.64–10.94).
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OS and RFS After Surgical Treatment
The study included 163 patients with stage I to IIIA

EGFR-mutant lung cancer who underwent surgical
resection with curative intent. The median follow-up
time was 5.7 years from the date of surgery. The 5-
year OS was 81.1% (95% CI: 75.1%–87.5%) among the
entire surgical cohort, and the median OS was not
reached. Patients of East Asian ethnicity had similar 5-
year OS (85.6%, 95% CI: 78.0%–93.9%) compared
with non–East Asian patients (76.4%, 95% CI: 67.4%–
86.6%), as illustrated in Figure 2D, (log-rank p ¼ 0.23).

The median RFS was similar between patients of East
Asian and non–East Asian ethnicity, 5.3 years (95% CI: 3.5–
NA) and 5.1 years (95% CI: 3.3–7.2), respectively (log-rank
p ¼ 0.37; Fig. 4). The higher stage at the time of diagnosis
was significantly associated with shorter RFS, with HR
equal to 3.15 (95% CI: 1.57–6.32) for stage II versus stage I
and HR equal to 4.41 (95% CI: 2.20–8.82) for stage IIIA
versus stage I; both had p values of less than or equal to
0.001. Female sex (HR¼ 0.61, 95% CI: 0.39–0.96, p¼ 0.03)
was significantly associated with RFS after adjusting for age
at surgical resection, smoking status, and adjuvant chemo-
therapy. East Asian ethnicity was not significantly associ-
ated with RFS (HR ¼ 0.78, 95% CI: 0.50–1.21, p ¼ 0.26).

Discussion
Although cross-study comparisons may suggest po-

tential differences in outcomes in patients with EGFR-
mutant lung cancer by ethnicity,13–16 the results of this
single-center study reveal similar survival outcomes
between East Asian and non–East Asian patients. No dif-
ferenceswere seen by ethnicity in the subgroup of de novo
stage IVNSCLCpatientswhoreceivedfirst-lineEGFRTKI in
the studynor the subgroupof patientswith resected early-
stagediseasewithsimilarRFSamongthetwogroups.Thus,
external factors, such as differences in treatment access
and patterns in different geographic areas, may influence
the appearance of differential outcomes by ethnicity seen
in cross-trial or within-trial comparisons.

Althoughsmokingstatushasbeenpreviously foundtobe
an independent prognosticator of a favorable outcome in
advanced-disease patients, we did not observe this in our
study among patients receiving EGFR TKI for advanced
disease.13 Other studies have found that smoking status is
predictiveof prognosis after surgery for lung cancer, though
conflicting data exist.17–19 The range of effects of cigarette
smoking on tumor burden and outcomes after surgery may
reflectdifferences inageof smoking initiation, lung function,
smoking intensity, and use of filtered versus unfiltered cig-
arettes in various geographic regions.20–22Nevertheless,we
found that patients of East Asian and non–East Asian eth-
nicities had similar outcomes after surgical resection under
standardized access and treatment practices at our single
cancer center, irrespective of smoking history.

One interesting finding in our study is that patients
who underwent systemic treatment with EGFR TKI soon
after palliative diagnosis had improved survival compared
with those who received EGFR TKI in the third line and
beyond. This supports the current recommendation for
reflex testing at diagnosis and first-line initiation of EGFR
TKI for patients with EGFR-mutant lung cancer.

Limitations of this study include its limited sample
size, with all patients treated at a single tertiary cancer
center, especially after stratification by ethnicity. How-
ever, patient recruitment from a single center may pro-
vide benefits in limiting the number of potential
confounding variables. Because of the retrospective
study design, ethnicity information was obtained
through both physician notes and patient self-report.
Patients with missing ethnicity information were not
included in the current study. In addition, information on
smoking cessation duration was not available for a sig-
nificant proportion of patients, which may have been an
important confounder in our analysis. Finally, patients of
South Asian descent were categorized as non–East Asian
for the purposes of this study. However, this population
of patients may have distinct outcomes with EGFR TKI
treatment that are not captured in the current study.

In a setting in which health care access and quality of
care are standardized and potential confounding factors
are limited, this single-center study revealed similar sur-
vival outcomes between patients with EGFR-mutant lung
cancer of East Asian and non–East Asian ethnicity.
Therefore, extrinsic factors such as regional differences in
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treatment access and disease management may play a
significant role in outcome discrepancies perceived in
published literature.
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