
ORIGINAL ARTICLE
Real-World Survival Outcomes Based on EGFR
Mutation Status in Chinese Patients With Lung
Adenocarcinoma After Complete Resection:
Results From the ICAN Study
Xue-Ning Yang, MD,a Hong-Hong Yan, MSc,a Jun Wang, MD,b Xiang-Yang Chu, MD,c

Zhi-Dong Liu, MD,d Yi Shen, MD,e Hai-Tao Ma, MD,f Xiang-Ning Fu, MD,g Jian Hu, MD,h

Nai-Kang Zhou, MD,i Yong-Yu Liu, MD,j Xin-Ming Zhou, MD,k Jing-Song Li, MD,l

Kang Yang, MD,m Jian Li, MD,n Lin Xu, MD,o Si-Yu Wang, MD,p Qun Wang, MD,q

Lun-Xu Liu, MD,r Shun Xu, MD,s Zhong-Yuan Chen, MD,t Hong-He Lou, MD,u

Chang-Li Wang, MD,v Ying Cheng, MD,w Si-Yang Liu, MD,a Xu-Chao Zhang, MD,a

Wen-Zhao Zhong, MD,a Yi-Long Wu, MDa,*

aGuangdong Lung Cancer Institute, Guangdong Provincial People’s Hospital & Guangdong Academy of Medical Sciences,
Guangzhou, People’s Republic of China
bThoracic Surgery Department, Peking University People’s Hospital, Beijing, People’s Republic of China
cThoracic Surgery Department, 301 Hospital, Beijing, People’s Republic of China
dThoracic Surgery Department II, Beijing Chest Hospital, Capital Medical University, Beijing, People’s Republic of China
eThoracic Surgery Department, the Affiliated Hospital of Medical College, Qingdao University, Qingdao, People’s Republic
of China
fThoracic Surgery Department, the First Affiliated Hospital of Soochow University, Suzhou, People’s Republic of China
gThoracic Surgery Department, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, People’s Republic of China
hThoracic Surgery Department, The First Affiliated Hospital of Medical School of Zhejiang University, Hangzhou, People’s
Republic of China
iThoracic Surgery Department, 309 Hospital, Beijing, People’s Republic of China
jThoracic Surgery Department, Liaoning Cancer Hospital & Institute, Shenyang, People’s Republic of China
kThoracic Surgery Department, Zhejiang Cancer Hospital, Hangzhou, People’s Republic of China
lThoracic Surgery Department, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, People’s Republic of China
mThoracic Surgery Department, The First Affiliated Hospital of Third Military Medical University, Chongqing, People’s
Republic of China
nThoracic Surgery Department, Peking University First Hospital, Beijing, People’s Republic of China
oThoracic Surgery Department, Jiangsu Cancer Hospital, Nanjing, People’s Republic of China
pThoracic Surgery Department, Sun Yat-Sen University Cancer Center, Guangzhou, People’s Republic of China
qThoracic Surgery Department, Zhongshan Hospital Fudan University, Shanghai, People’s Republic of China
rThoracic Surgery Department, West China Hospital, Sichuan University, Chengdu, People’s Republic of China
sThoracic Surgery Department, The First Hospital of China Medical University, Shenyang, People’s Republic of China
tThoracic Surgery Department, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, People’s
Republic of China
uThoracic Surgery Department, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, People’s Republic of China
*Corresponding author.

Drs. XN Yang and HH Yan contributed equally to this work.

Disclosure: Prof. Wu reports being on the advisory boards of AstraZe-
neca, Boehringer Ingelheim, Novartis, and Takeda; receiving honorarium
from AstraZeneca, BeiGene, Boehringer Ingelheim, Bristol-Myers Squibb,
Eli Lilly, Merck Sharp & Dohme Corp., Pfizer, and Roche for promotional
activities and from Sanofi for nonpromotional activities; and receiving
contract support and/or research grants from AstraZeneca, Boehringer
Ingelheim, Bristol-Myers Squibb, Hengrui Therapeutics, and Roche.
Dr. Zhong declares receiving speaker fees from AstraZeneca and Roche.
The remaining authors declare no conflict of interest.

Address for correspondence: Yi-Long Wu, MD, Guangdong Lung Cancer
Institute, Guangdong Provincial People’s Hospital & Guangdong

Academy of Medical Sciences, Yuexiu District, Guangzhou 510080,
People’s Republic of China. E-mail: syylwu@live.cn

Cite this article as: Yang XN, Yan HH, Wang J, et al. Real-world survival
outcomes based on EGFR mutation status in Chinese patients with lung
adenocarcinoma after complete resection: results from the ICAN Study.
JTO Clin Res Rep. 2022;3:100257.

ª 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 license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

ISSN: 2666-3643

https://doi.org/10.1016/j.jtocrr.2021.100257

JTO Clinical and Research Reports Vol. 3 No. 1: 100257

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:syylwu@live.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtocrr.2021.100257
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtocrr.2021.100257&domain=pdf


2 Yang et al JTO Clinical and Research Reports Vol. 3 No. 1
vLung Cancer Center, Tianjin Medical University Cancer Institute & Hospital, Tianjin, People’s Republic of China
wMedical Oncology, Jilin Cancer Hospital, Changchun, People’s Republic of China

Received 26 July 2021; revised 12 November 2021; accepted 17 November 2021
Available online - 25 November 2021
ABSTRACT

Introduction: The adjuvant treatment of patients with
resected lung adenocarcinoma (LUAD) remains unstan-
dardized. We analyzed the survival outcomes of these pa-
tients based on EGFR mutation status and adjuvant
chemotherapy treatment.

Methods: This noninterventional real-world study (ICAN)
enrolled Chinese patients with resected stages I to III LUAD
from April 8, 2010, to December 31, 2010. Tumor EGFR
mutation status and 3-year disease-free survival (DFS) were
determined. The extension phase provided long-term follow-
up with overall survival (OS) as the primary end point. Sec-
ondary end points included DFS and prognostic factors of
survival. Survival outcomes based on adjuvant chemotherapy
treatment, EGFR mutation status, and postoperative stage
were analyzed post hoc.

Results: Among 568 patients in the ICAN cohort, 472
continued to the extension phase and remained eligible. The
3-year DFS rate was 58.8%. In the extension cohort, 260
patients (55.1%) had EGFR-mutant disease and 207
(43.9%) received adjuvant chemotherapy. At a median
follow-up of 109.0 (95% confidence interval [CI]: 106.6–
111.4) months, median OS and DFS were 103.3 (95% CI:
101.7–104.9) and 67.4 (95% CI: 49.7–85.2) months,
respectively. The 5-year OS and DFS rates were 68.9%
(95% CI: 64.3–73.6) and 52.9% (95% CI: 48.2–57.7),
respectively. EGFR wild-type disease was a significant in-
dependent predictor of worse OS (HR ¼ 1.24, 95% CI: 1.07–
1.44, p¼ 0.004) based on the Cox regression analysis of
common factors. Post hoc subgroup analysis revealed that
survival outcomes were not significantly different with
adjuvant chemotherapy regardless of EGFR mutation status
across all postoperative stages.

Conclusions: EGFR mutations are common in operable
LUAD, and recurrence and mortality after resection were
considerable. Adjuvant chemotherapy did not improve
survival outcomes, regardless of EGFR mutation status and
postoperative stage.

� 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/
4.0/).

Keywords: Lung adenocarcinoma; Surgical resection; Prog-
nostic factors; EGFR mutation; Adjuvant chemotherapy
Introduction
Lung cancer remains the leading cause of cancer-

related mortality worldwide.1 In the People’s Republic
of China, lung cancer is prevalent and accounts for
approximately a quarter of all cancer-related deaths.1

More than 80% of all lung cancers are NSCLCs, in
which lung adenocarcinoma (LUAD) is the most common
histologic subtype.2,3 In early and locally advanced
(stages I–III) NSCLC, which comprises approximately
one-third of diagnosed NSCLCs, surgical resection is
recommended as an option by clinical guidelines.4-7

Nevertheless, many patients with resected NSCLC expe-
rience recurrence (13.2%–41.5% depending on disease
stage and length of follow-up).8-13 Postrecurrence sur-
vival after surgery is poor (median overall survival [OS]:
w26 mo), which presents a clinical unmet need.8,11

EGFR is a crucial oncogenic driver in NSCLC and is
often mutated in patients with LUAD.2,3 Classical EGFR-
activating mutations, namely exon 19 (Ex19) deletion
and exon 21 (Ex21) L858R mutation, predict sensitivity
to EGFR tyrosine kinase inhibitors (TKIs), which are the
first-line therapies for EGFR-mutant advanced
NSCLC.14-16 Recently, adjuvant EGFR TKI therapy was
also found to have significant improvements in disease-
free survival (DFS) in patients with EGFR-mutant
resected NSCLC.17-19

Currently, adjuvant cisplatin-based chemotherapy is
widely recommended for patients with resected stages II
to IIIA NSCLC and select patients with stage IB disease,
regardless of EGFR mutation status.20,21 The Lung Adju-
vant Cisplatin Evaluation, a meta-analysis of five large
trials (N ¼ 4585), found that adjuvant chemotherapy led
to a limited 5-year survival benefit of 5.4% among pa-
tients with resected NSCLC, regardless of EGFR mutation
status.22 Despite being the recommended therapy after
surgical resection of NSCLC, adjuvant chemotherapy
brought on limited improvement in survival outcomes
and significant toxicity.22 Particularly, with the favorable
outcomes of EGFR TKIs in patients with EGFR-mutant
resected NSCLC,17-19 the role of adjuvant chemotherapy
in these patients remains inconclusive.

The noninterventional real-world (ICAN) study
(NCT01106781) investigated the association of EGFR
mutation status with 3-year DFS rate in Chinese patients
with completely resected LUAD.23,24 We report here the
final results of the ICAN study, with its extension phase,
to provide follow-up data on the long-term survival and
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associated prognostic factors of the participants in the
real-world setting. The effect of adjuvant chemotherapy
and EGFR mutation status on long-term survival out-
comes of these patients was analyzed across post-
operative stages.

Materials and Methods
Study Design and Patients

This noninterventional study, conducted from April 8,
2010, to December 11, 2019, was designed to investigate
EGFR mutation status, survival outcomes, and associated
risk factors in Chinese patients with completely resected
LUAD in the real-world setting. Eligible patients with
stages I to III histologically diagnosed LUAD that was
completely resected were enrolled across 26 sites in the
People’s Republic of China. In the extension phase,
eligible patients in 24 of the initial sites were included.

The study was conducted in accordance with the
Declaration of Helsinki and Guidelines for Good Clinical
Practice and was independently approved by the ethics
committees of each participating center. All patients
provided written informed consent before enrollment.
The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology reporting
guidelines.

Study Outcomes
Postoperative EGFR mutation status was determined

for all patients using amplification-refractory mutation
system, polymerase chain reaction (PCR) direct
sequencing, mutant-enriched PCR, xTAG liquid chip, and
branched DNA liquid chip.24

Patient clinical data and survival outcomes were
collected in 3 years for the ICAN study.23 In the long-
term extension phase (approximately 9 y of follow-up),
the primary end points were EGFR mutation status and
OS, defined as the length of time from informed consent
to death or last confirmed survival owing to any cause.
Secondary end points included DFS, defined as the length
of time from informed consent to recurrence, metastasis,
or death; treatment after tumor recurrence; and OS
prognostic factors, including EGFR mutation status, age,
sex, smoking status, postoperative stage, and adjuvant
chemotherapy. The effect of adjuvant chemotherapy on
survival outcomes according to EGFR mutation status
and postoperative stage was analyzed post hoc.

Statistical Analysis
On the basis of an estimated EGFR mutation rate of

40% to 50% in Asian patients with advanced LUAD,25,26

we enrolled a sample size of 571 patients to obtain 250
to 300 patients with EGFR mutations to provide power
for further analysis. Assuming a median OS of 60 months
and 370 events (approximately 65% of patients), the
95% confidence interval (CI) for median OS was esti-
mated to be 54.2 to 66.4 months.27 In the long-term
extension cohort, the full analysis set (FAS) comprised
patients who remained eligible, had provided informed
consent, and had at least one documented survival
follow-up visit. The post hoc subgroup analysis of sur-
vival outcomes in patients based on adjuvant chemo-
therapy treatment and EGFR mutation status across
postoperative stages was exploratory. Statistical ana-
lyses were performed using the Statistical Analysis Sys-
tem 9.4 software. All statistical tests were two-sided
with a significance level of 0.05.

OS and DFS were estimated by the Kaplan–Meier
method. If the date of a patient’s death was unknown,
the death was recorded as the last date of contact; if no
death occurred, survival was taken as the last date at
which survival was confirmed. Similarly, if no recur-
rence, metastasis, or death occurred, the date of the last
tumor evaluation was used for the calculation of trun-
cated DFS time. Patients lost to follow-up were recorded
under missing data. Using the R software (version 3.6.0),
the worst outcome and multiple imputation methods
were performed for sensitivity analyses of right-
censored survival data of these patients.

Suitability of the prognostic variables for factor
analysis was evaluated by collinearity diagnostics, the
Kaiser-Meyer-Olkin test, and the Bartlett’s test of sphe-
ricity. Factor analysis was used to explore in-
terdependencies among the prognostic variables and to
extract them into independent common factors. The Cox
proportional hazards model was then used to evaluate
the effect of different common factors on survival
outcomes.
Results
Patient Characteristics and Disposition

Among the 571 patients enrolled in the ICAN trial
(from April 8, 2010, to December 31, 2010), 568 were
included in the final analysis (three patients did not meet
the ethics approval). A total of 486 patients continued to
the extension phase, of whom, 14 had stage IV disease
preoperatively or postoperatively and were excluded
from the FAS (N ¼ 472; Fig. 1).

The demographics and clinical characteristics of the
ICAN extension-phase cohort (FAS) were similar to those
of the initial ICAN cohort (Table 1 and Supplementary
Table 1). Median age of patients in the FAS was 60
(range: 34–88) years, and approximately half of the pa-
tients were male (230 [48.7%]; Table 1). Most patients
underwent lobectomy (432 [91.5%]). In the post-
operative phase, 273 (57.8%) and 199 (42.2%) patients
had stage I and stages II to III disease, respectively; 207



571 Patients enrolled in the ICAN study

486 Included in the long-term
extension of the ICAN study

14 Excluded (Had preoperative or
postoperative stage IV disease)

472 Included in the FAS

212 EGFR wildtype

97 Received adjuvant
chemotherapy 
115 Did not receive
adjuvant chemotherapy 

85 Excluded
 3 Enrolled earlier before their study centers 
 obtained ethical approval
 82 Failed to obtain ethics approval

110 Received adjuvant
chemotherapy 
150 Did not receive
adjuvant chemotherapy  

260 EGFR mutant

Data cutoff: December 11, 2019

Figure 1. Flowchart of the study participants. FAS, full analysis set.
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patients (43.9%) received adjuvant chemotherapy,
which was similar to that in the initial ICAN cohort
(45.4%).23

More than half of the patients in the FAS (260
[55.1%]) were positive for EGFR mutation, the most
common being Ex19 deletion (121 [46.5%]) and Ex21
L858R mutation (122 [46.9%]), with four patients
(1.5%) having concomitant mutations. Uncommon mu-
tations were exon 18 G719X and exon 20 insertion or
T790M in 13 patients (5.0%). The ICAN cohort had a
similar prevalence (55.1%) and distribution of EGFR
mutations.23,24 EGFR mutations were observed in 63.2%,
55.4%, 54.1%, and 48.5% of patients with postoperative
stage IA, IB, II, and IIIA disease, respectively; all six pa-
tients with stage IIIB disease had wild-type EGFR
(Supplementary Table 2). Of the 207 patients who were
receiving adjuvant chemotherapy, 97 (46.9%) had wild-
type EGFR, 55 (26.6%) had EGFR Ex19 deletion, 50
(24.2%) had EGFR Ex21 L858R mutation, and five
(2.4%) had uncommon EGFR mutations.
OS and DFS Outcomes
At the median follow-up time of 109.0 (95% CI:

106.6–111.4) months, 179 of 472 patients (37.9%) in the
FAS experienced OS events. Median OS was 103.3 (95%
CI: 101.7–104.9) months (Fig. 2A). The cumulative 1-, 2-,
3-, 5-, and 8-year OS rates were 93.8% (95% CI: 91.6–
96.0), 85.8% (95% CI: 82.6–88.9), 77.2% (95% CI: 73.3–
81.1), 68.9% (95% CI: 64.3–73.6), and 57.5% (95% CI:
52.2–62.8), respectively.
In the ICAN cohort, the 3-year DFS rate was 58.8%.23

At data cutoff in the extension cohort, overall median
DFS was 67.4 (95% CI: 49.7–85.2) months (Fig. 2B). The
cumulative 1-, 2-, 3-, 5-, and 8-year DFS rates were
77.1% (95% CI: 73.3–81.0), 64.7% (95% CI: 60.4–69.1),
56.6% (95% CI: 52.0–61.1), 52.9% (95% CI: 48.2–57.7),
and 42.8% (95% CI: 37.7–47.9), respectively. Among the
252 patients with disease recurrence, 53 (21.0%)
received subsequent chemotherapy (30 [11.9%]) or
targeted therapy (23 [9.1%]).
Post Hoc Subgroup Analyses
Although the ICAN study revealed a significantly

higher 3-year DFS in patients with mutant-EGFR
compared with those with wild-type EGFR (65.6%
versus 56.8%, p ¼ 0.0347),23 no significant difference in
the median DFS for patients with different EGFR muta-
tion status across all postoperative stages was observed
in the extension cohort (Supplementary Table 3). Simi-
larly, classical EGFR-activating mutations were not
significantly associated with OS across the postoperative
stages, except for an OS benefit with Ex19 deletion in
stage III disease; patients with uncommon EGFR muta-
tions in stage I disease tended to have poorer OS,
although the small sample size (n ¼ 8) warrants further
investigation (Supplementary Table 4).

Subgroup analysis for the FAS revealed that patients
who did not receive adjuvant chemotherapy had a
significantly higher median DFS (98.2 versus 27.2 mo,
hazard ratio [HR] ¼ 0.51, 95% CI: 0.40–0.65, p < 0.001)



Table 1. Demographics and Clinical Characteristics of
Patients in the ICAN Extension Phase (FAS)

Parameters

ICAN Extension
Phase (FAS)
(N ¼ 472)

Sex
Male 230 (48.7)
Female 242 (51.3)

Median age (range), y 60 (34–88)
Smoking status
Nonsmoker 308 (65.3)
Ex-smoker 103 (21.8)
Smoker 61 (12.9)

Preoperative performance
status score

0 410 (86.9)
1 54 (11.4)
2 8 (1.7)

Preoperative stage
Stage IA 160 (33.9)
Stage IB 151 (32.0)
Stage II 45 (9.5)
Stage IIIA 100 (21.2)
Stage IIIB 9 (1.9)
Unknown 7 (1.5)

Surgery type
Lobectomy 432 (91.5)
Local resection 26 (5.5)
Pneumonectomy 14 (3.0)

Postoperative stage
Stage IA 152 (32.2)
Stage IB 121 (25.6)
Stage II 61 (13.0)
Stage IIIA 132 (28.0)
Stage IIIB 6 (1.3)

Neoadjuvant therapy
None 464 (98.3)
Radiotherapy 1 (0.2)
Chemotherapy 7 (1.5)

Paclitaxel þ cisplatin or carboplatina 3 (0.6)
Taxotere þ cisplatin or carboplatina 2 (0.4)
Docetaxel þ carboplatina 1 (0.2)
Pemetrexed disodium for

injection þ nedaplatina
1 (0.2)

Adjuvant therapy
None 261 (55.3)
Chemotherapy alone or in combination

with radiotherapyb
207 (43.9)

Targeted therapy 4 (0.8)

Note: Data are presented as number (%) of patients unless otherwise
indicated.
aCalculated as percentages of the total number of patients in the ICAN
extension phase (N ¼ 472).
bIn the ICAN extension phase, 25 patients received chemotherapy in com-
bination with radiotherapy.
FAS, full analysis set.
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and median OS (not reached versus 101.5 mo, HR ¼
0.66, 95% CI: 0.49–0.88, p ¼ 0.005) than those who did
(Supplementary Fig. 1). To account for potential
confounding factors, we compared the demographics
and clinicopathologic characteristics of patients who
received adjuvant chemotherapy versus those who did
not (Supplementary Table 5). A higher disease stage
was a potential confounder significantly associated
with indication of adjuvant chemotherapy; adjusted odds
ratios were 0.14 (95% CI: 0.08–0.25), 0.35 (95% CI:
0.20–0.60), and 0.96 (95% CI: 0.49–1.86) for stage IA, IB,
and II disease, respectively, versus stage III disease.
Adjusting for postoperative stage, median DFS and OS
were not significantly different between patients who
received adjuvant chemotherapy and those who did not
across all disease stages (Supplementary Tables 3
and 4).

Furthermore, across all postoperative stages, patients
who received adjuvant chemotherapy did not have
significantly different DFS and OS versus those who did
not, regardless of EGFR mutation status (Figs. 3A–D,
4A–D, and 5A and B and Supplementary Tables 6 and
7). Although not statistically significant, patients with
EGFR-mutant stages IB to III disease who received
adjuvant chemotherapy tended to have worse DFS
versus those who did not. There was also a non-signifi-
cant trend toward worse OS in patients with EGFR-
mutant stage IB or III disease who received adjuvant
chemotherapy versus those who did not, but this was not
observed in patients with stage IA or II disease.

In patients who received adjuvant chemotherapy,
DFS and OS were not significantly different by EGFR
mutation status, and this was consistently observed
across postoperative stages (Supplementary Fig. 2 and
Supplementary Tables 8 and 9). In patients who did not
receive adjuvant chemotherapy, DFS and OS were not
significantly different by EGFR mutation status across
postoperative stages, except for a significant OS benefit
in patients with stage III EGFR-mutant versus wild-type
disease (Supplementary Fig. 3 and Supplementary
Tables 10 and 11).
Sensitivity Analysis
The demographics and clinical characteristics of pa-

tients lost to follow-up were similar to those with com-
plete follow-up (Supplementary Table 12). Sensitivity
analysis revealed that median DFS was 37.6 (95% CI:
33.1–55.9) months with a Harrell’s C-index of 0.691
(Supplementary Table 13) and median OS was 72.2
(95% CI: 60.2–96.9) months with a Harrell’s C-index of
0.723 (Supplementary Table 14). Median OS among pa-
tients lost to follow-up was 36.4 (interquartile range:
31.1–37.3) months; on the basis of this right-censored
survival data, the worst-outcome median OS was 39.0
(95% CI: 33.2–44.8) months.
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Figure 2. Kaplan–Meier curves for (A) OS and (B) DFS in the full analysis set. CI, confidence interval; DFS, disease-free
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Prognostic Factors of Survival
The only prognostic factor of DFS identified in the

ICAN study was postoperative stage.23 In the extension
cohort, collinearity diagnostics revealed the presence of
collinearity between adjuvant chemotherapy and other
prognostic factors (eigenvalue: 0.017; condition index:
17.922; constant variance proportion: 0.99; variance
proportions: <0.7; Supplementary Table 15). This
finding, together with a Kaiser-Meyer-Olkin value of
0.538 and a Bartlett’s test of sphericity p value less than
0.001, suggested that a factor analysis of the prognostic
variables was appropriate. Unlike the post hoc subgroup
analyses, factor analyses considered the existing in-
terdependencies among the prognostic variables studied,
allowing for the identification of independent prognostic
factors of survival.

Extraction of four common factors objectively ex-
plains 83.4% of the total variance (Supplementary
Table 16). From the rotated factor matrix, the first
common factor was smoking status (load: 0.905), the
second common factors were postoperative stage (load:
0.867) and adjuvant chemotherapy (load: 0.736), the
third was age (load: 0.958), and the fourth was EGFR
mutation status (load: 0.982) (Supplementary Table 17).

Cox regression analysis of the four independent
common factors revealed that patients who were current
smokers (HR ¼ 1.15, 95% CI: 1.03–1.30, p ¼ 0.017) or
had postoperative stages II to III disease and received
adjuvant chemotherapy (HR ¼ 1.79, 95% CI: 1.58–2.02,
p < 0.001) had a higher risk of tumor recurrence and
metastases (Supplementary Table 18). Patients who
were current smokers (HR ¼ 1.29, 95% CI: 1.12–1.49,
p < 0.001), had postoperative stages II to III disease and
received adjuvant chemotherapy (HR ¼ 1.63, 95% CI:
1.41–1.87, p < 0.001), aged greater than or equal to 65
years (HR ¼ 1.16, 95% CI: 1.01–1.34, p ¼ 0.039), or had
EGFR wild-type disease (HR ¼ 1.24, 95% CI: 1.07–1.44,
p ¼ 0.004) had a higher risk of mortality (Supplementary
Table 19).

Discussion
This extended ICAN study reports the EGFR mutation

rates and long-term survival outcomes of Chinese pa-
tients with resected stages I to III LUAD in the real-world
setting. Survival outcomes were analyzed by EGFR mu-
tation status and adjuvant chemotherapy treatment.
More than half of the cohort had EGFR-mutant disease,
and more than 40% received adjuvant chemotherapy.
Approximately 50% of the cohort had recurrent disease,
with a mortality rate of approximately 30% within 5
years of surgery. EGFR mutation status was an inde-
pendent prognostic factor of OS, whereas adjuvant
chemotherapy did not significantly affect survival out-
comes regardless of EGFR mutation status across all
postoperative stages.

In the extension cohort, 55.1% of patients with
resected LUAD were positive for EGFR mutations, which
was consistent with previous reports,28,29 and similar to
the prevalence in advanced disease.25,26,30 In a systemic
review and meta-analysis of 16 studies in patients with
resected NSCLC (N ¼ 3337), the prevalence of EGFR-
mutant disease was 19.2% to 59.5% in Asian studies
(specifically 28.7%–52.5% in studies conducted in the
People’s Republic of China), but it was lower in Western
studies (3.4%–20.2%).29 Another systematic review of
151 LUAD studies worldwide (N ¼ 33,162) revealed that
the Asia-Pacific subgroup had the highest EGFR mutation
frequency at 47%, compared with 12% to 22% in
Western populations.28

Given the high prevalence of EGFR mutations in
resected LUAD, determining their prognostic value is of
importance. We found EGFR mutation status to be an



EGFR wt without
adjuvant chemotherapy

NR
105.9 (95% CI: 11.3–NC)
HR = 0.39 (95% CI: 0.14–1.08)
Log-rank p = 0.061

NR (95% CI: 96.9–NC)
NR
HR = 1.28 (95% CI: 0.53–3.10)
Log-rank p = 0.585

Median DFS, months

0

44

12

74

22

41

8

69

19

38

7

62

16

36

6

53

15

28

4

38

11

27

4

38

11

25

3

33

11

23

2

31

11

17

2

26

8

0

0

0

0

0

0

0

0

No. at risk

EGFR wt with 
adjuvant chemotherapy

EGFR-mutant without 
adjuvant chemotherapy

EGFR-mutant with 
adjuvant chemotherapy

DF
S 

(%
)

Time (months)

A

12 24

0

100

80

60

40

20

36 48 60 72 84 96 108 120

EGFR wt without
adjuvant chemotherapy

78.0 (95% CI: 68.3–NC)
80.5 (95% CI: 24.9–NC)
HR = 1.08 (95% CI: 0.48–2.41)
Log-rank p = 0.853

101.9 (95% CI: 56.4–NC)
62.2 (95% CI: 28.0–NC)
HR = 0.61 (95% CI: 0.29–1.25)
Log-rank p = 0.173

Median DFS, months

0

32

22

41

26

28

16

34

21

22

14

32

19

17

11

28

15

11

10

16

7

11

9

15

7

9

9

15

5

7

8

14

5

6

8

9

3

1

1

0

0

0

0

0

0

No. at risk

EGFR wt with 
adjuvant chemotherapy

EGFR-mutant without 
adjuvant chemotherapy

EGFR-mutant with 
adjuvant chemotherapy

DF
S 

(%
)

Time (months)

B

12 24

0

100

80

60

40

20

36 48 60 72 84 96 108 120

EGFR wt without
adjuvant chemotherapy

41.2 (95% CI: 12.2–NC)
14.0 (95% CI: 9.2–NC)
HR = 0.82 (95% CI: 0.30–2.28)
Log-rank p = 0.704

NR (95% CI: 17.4–NC) 
28.0 (95% CI: 14.7–82.8)
HR = 0.51 (95% CI: 0.19–1.39) 
Log-rank p = 0.181

Median DFS, months

0

11

17

13

20

8

8

9

15

6

7

8

11

4

6

5

8

1

4

2

6

1

4

2

6

1

4

2

5

1

3

2

2

1

2

1

2

0

0

0

0

0

0

0

0

No. at risk

EGFR wt with 
adjuvant chemotherapy

EGFR-mutant without 
adjuvant chemotherapy

EGFR-mutant with 
adjuvant chemotherapy

DF
S 

(%
)

Time (months)

C

12 24

0

100

80

60

40

20

36 48 60 72 84 96 108 120

EGFR wt without
adjuvant chemotherapy

16.3 (95% CI: 11.2–33.2)
16.1 (95% CI: 13.0–23.6)
HR = 0.91 (95% CI: 0.54–1.54)
Log-rank p = 0.733

58.3 (95% CI: 8.8–NC)
15.2 (95% CI: 10.9–28.5)
HR = 0.68 (95% CI: 0.36–1.30)
Log-rank p = 0.244

0

28

46

22

42

15

30

13

23

9

14

12

16

5

8

8

9

4

6

6

5

4

5

5

5

3

4

4

5

3

4

3

4

2

4

2

1

0

0

0

0

0

0

0

0

No. at risk

EGFR wt with 
adjuvant chemotherapy

EGFR-mutant without 
adjuvant chemotherapy

EGFR-mutant with 
adjuvant chemotherapy

DF
S 

(%
)

Time (months)

D     

12 24

0

100

80

60

40

20

36 48 60 72 84 96 108 120

EGFR wt without adjuvant chemotherapy
EGFR wt with adjuvant chemotherapy

EGFR-mutant without adjuvant chemotherapy
EGFR-mutant with adjuvant chemotherapy

EGFR wt without adjuvant chemotherapy
EGFR wt with adjuvant chemotherapy

EGFR-mutant without adjuvant chemotherapy
EGFR-mutant with adjuvant chemotherapy

Median DFS, months
EGFR wt without adjuvant chemotherapy
EGFR wt with adjuvant chemotherapy

EGFR-mutant without adjuvant chemotherapy
EGFR-mutant with adjuvant chemotherapy

EGFR wt without adjuvant chemotherapy
EGFR wt with adjuvant chemotherapy

EGFR-mutant without adjuvant chemotherapy
EGFR-mutant with adjuvant chemotherapy
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independent predictor of OS (p ¼ 0.004), although post
hoc subgroup analyses did not reveal significant differ-
ences in survival outcomes with different EGFR muta-
tions, except for an OS benefit observed with Ex19
deletion in stage III disease. Similarly, previous studies
and meta-analyses investigating the association of EGFR
mutations with survival outcomes in patients with
resected NSCLC yielded conflicting results, with some
supporting EGFR mutations as a favorable prognostic
factor31-39 and others reporting either no significant as-
sociation or association with negative prognosis.29,40-42

The association of EGFR mutations with favorable prog-
nostic factors, including being female and never or light
smoking, may influence these observations.34,42 Further
studies are required to confirm the prognostic effects of
different EGFR mutation types.

On the basis of this study and previous reports, the
rates of recurrence and mortality after surgical resection
of NSCLC remained high.8-12 Hence, the postsurgical
management of NSCLC for improvement in survival out-
comes is an urgent unmet need. Although adjuvant
chemotherapy is the current standard of care for patients
with resectable NSCLC, previous evidence on its use in
these patients on the basis of EGFR mutation status is
scarce, and limited benefit has been observed.20,21 In
clinical practice, approximately 48% to 57% of patients
with resected stages IB to IIIA NSCLC received adjuvant
chemotherapy regardless of EGFR mutation status, with
increased use at higher disease stages.7,43-45 Yet, the 5-
year survival benefit with chemotherapy was only
5.4%,22 consistent with our observation that adjuvant
chemotherapy had no significant benefit in patients with
resected LUAD regardless of EGFR mutation status and
postoperative stage. Across all postoperative stages, EGFR
mutation status was not associated with survival out-
comes regardless of adjuvant chemotherapy use, except
for a significant OS benefit with stage III EGFR-mutant
versus wild-type disease in patients who did not receive
adjuvant chemotherapy. Nevertheless, different patient
characteristics may exist between the EGFR-mutant and
wild-type subgroups that potentially confound the anal-
ysis; this warrants further studies that account for such
confounding factors to confirm whether EGFR mutations
are associated with survival outcomes in patients who
received adjuvant chemotherapy and those who did not.

Although this study suggested that there was no sig-
nificant benefit of adjuvant chemotherapy in patients with
EGFR wild-type or EGFR-mutant resected NSCLC across
all postoperative stages, recent evidence suggests a role
for EGFR TKIs in the treatment of EGFR-mutant NSCLC
after resection.17-19,46-48 Meta-analyses consistently
revealed that adjuvant EGFR TKIs significantly improved
DFS in patients with resected EGFR-mutant NSCLC
compared with chemotherapy,49,50 and this was similarly
observed in a retrospective study.51 To the best of our
knowledge, ADJUVANT/CTONG1104 was the only phase
3 study performed in Chinese patients with early stage,
EGFR-mutant NSCLC, where adjuvant gefitinib signifi-
cantly improved DFS compared with chemotherapy.19

Furthermore, osimertinib is the first EGFR TKI to be
approved for adjuvant treatment of patients with EGFR-
mutant NSCLC after resection on the basis of the
ADAURA study.17 Osimertinib resulted in a significantly
lower recurrence rate versus placebo in patients with
resected stages IB to IIIA EGFR-mutant NSCLC.17

Consistent with previous studies and clinical practice,
approximately 60% of the ADAURA cohort received
adjuvant chemotherapy; the proportions being 26%,
71%, and 80% for stage IB, II, and IIIA, respec-
tively.17,43,44,47 Notably, osimertinib had similar DFS
benefit in the subgroups with and without previous
adjuvant chemotherapy across different disease
stages.17,47 In contrast, the benefit of previous adjuvant
chemotherapy in the ADJUVANT cohort was limited and
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requires further confirmation. Although it may be argued
that the benefit of adjuvant osimertinib may be over-
estimated in patients who did not receive previous
chemotherapy,52 the present real-world study revealed
that adjuvant chemotherapy did not significantly affect
survival outcomes in patients with EGFR-mutant LUAD
across all postoperative stages. In addition, in the
ADUARA trial, patients in the placebo arm who received
background adjuvant chemotherapy had a higher disease
recurrence rate versus those who did not.17,47 This poor
survival outcome may be due to a higher proportion of
patients with stage II/IIIA disease among those who
received adjuvant chemotherapy versus those who did
not (85.5% versus 41.9%).17,47

Besides EGFR TKI monotherapy, EGFR TKI in com-
bination with chemotherapy resulted in superior sur-
vival benefits versus chemotherapy alone in resected
EGFR-mutant NSCLC.50,51 Nevertheless, the benefit of
EGFR TKI and chemotherapy combination did not
significantly improve DFS compared with EGFR TKI
alone.51 Taken together, current evidence supports that
adjuvant EGFR TKI, rather than chemotherapy,
should preferably be indicated for patients with
resectable EGFR-mutant NSCLC in clinical practice, and
the sequencing of EGFR TKI after adjuvant chemo-
therapy may be considered according to the ADAURA
trial.17,47

This study has several limitations. First, in this real-
word analysis, not all relevant survival risk factors had
available data to adjust for confounding. This should be
considered when interpreting the association between
survival outcomes and the prognostic factors evaluated.
Second, the subgroup analyses were post hoc and
exploratory in nature, and further confirmation of the
observations is warranted. The sample sizes for the
subgroup analyses, particularly for patients with post-
operative stage II or III disease, were relatively small.
Furthermore, although the confounding effect of post-
operative staging has been accounted for, differences in
other patient characteristics between subgroups may
exist that confound the analyses. Third, this study only
included patients from the People’s Republic of China,
which may not be globally representative. Considering
ethnic differences, the significance of EGFR mutation
status on survival outcomes in patients from Western
countries is expected to be weaker.28,41 Last, the effect
of genetic alterations in other oncogenic drivers,
including KRAS mutation and ALK rearrangement, on
survival outcomes with adjuvant chemotherapy was not
studied. A comprehensive tumor genomic analysis of
resected EGFR-mutant NSCLC (mainly LUAD) specimens
suggested that additional predictive biomarkers may be
useful to guide personalized adjuvant therapy within
patients with resected EGFR-mutant NSCLC.53,54
In this real-word cohort of patients with completely
resected stages I to III LUAD, EGFR mutations were
common. Long-term follow-up yielded median OS and
DFS of 103.3 and 67.4 months, respectively. Adjuvant
chemotherapy did not improve survival outcomes,
regardless of EGFR mutation status and postoperative
stage. Smoking and higher postoperative disease stage
with adjuvant chemotherapy treatment predicted for
both worse DFS and OS; older age and EGFR wild-type
disease predicted for worse OS alone.
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