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Summary
Background Currently, the role of EGFR-TKIs as adjuvant therapy for stage I, especially IA NSCLC, after surgical
resection remains unclear. We aimed to compare the effect of adjuvant EGFR-TKIs with observation in such
patients by incorporating an established 14-gene molecular assay for risk stratification.

Methods This retrospective cohort study was conducted at the First Affiliated Hospital of Guangzhou Medical
University (Study ID: ChNCRCRD-2022-GZ01). From March 2013 to February 2019, completely resected stage I
NSCLC (8th TNM staging) patients with sensitive EGFR mutation were included. Patients with eligible samples
for molecular risk stratification were subjected to the 14-gene prognostic assay. Inverse probability of treatment
weighting (IPTW) was employed to minimize imbalances in baseline characteristics.

Findings A total of 227 stage I NSCLC patients were enrolled, with 55 in EGFR-TKI group and 172 in the observation
group. The median duration of follow-up was 78.4 months. After IPTW, the 5-year DFS (HR = 0.30, 95% CI,
0.14–0.67; P = 0.003) and OS (HR = 0.26, 95% CI, 0.07–0.96; P = 0.044) of the EGFR-TKI group were
significantly better than the observation group. For subgroup analyses, adjuvant EGFR-TKIs were associated with
favorable 5-year DFS rates in both IA (100.0% vs. 84.5%; P = 0.007), and IB group (98.8% vs. 75.3%; P = 0.008).
The 14-gene assay was performed in 180 patients. Among intermediate-high-risk patients, EGFR-TKIs were
associated with a significant improvement in 5-year DFS rates compared to observation (96.0% vs. 70.5%;
P = 0.012), while no difference was found in low-risk patients (100.0% vs. 94.9%; P = 0.360).

Interpretation Our study suggested that adjuvant EGFR-TKI might improve DFS and OS of stage IA and IB EGFR-
mutated NSCLC, and the 14-gene molecular assay could help patients that would benefit the most from treatment.
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Research in context

Evidence before this study
Although increasing evidence suggests that adjuvant
epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) may be an effective treatment option for a
specific population following complete resection of early-
stage NSCLC, most studies have predominantly excluded
patients with stage I NSCLC. As of December 31st, 2022, our
exhaustive search of PubMed using relevant keywords such as
“stage I,” “NSCLC,” “EGFR-TKI,” and “adjuvant” has yielded
limited studies reporting on the efficacy of adjuvant EGFR-TKI
therapy specifically in stage I, and in particular, stage IA,
NSCLC.

Added value of this study
Our research findings demonstrate the substantial anti-tumor
effects of adjuvant EGFR-TKIs in patients with stage IA and IB

NSCLC. The introduction of the 14-gene prognostic assay
further augments the clinical utility of our research by
identifying high-risk patients who can be targeted for
personalized adjuvant treatment, thus paving the way for
more effective and tailored therapeutic strategies in the
management of early-stage NSCLC.

Implications of all the available evidence
The study demonstrates that adjuvant EGFR-TKIs is associated
with improved prognosis, especially in early-stage NSCLC
patients with high molecular risk profiles, with no tumor
recurrence or metastasis in stage IA patients within a 5-year
follow-up. The evidence presented in our study underscores
the potential of adjuvant EGFR-TKIs as an effective
therapeutic strategy for patients with completely resected
stage IA and IB NSCLC.
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Introduction
Non-small cell lung cancer (NSCLC) is the leading cause
of cancer-related mortality globally.1 Currently, surgical
resection represents the preferred therapeutic modality
for early-stage lung cancer.2 Nevertheless, stage I
NSCLC exhibits considerable heterogeneity in terms of
clinical outcomes. According to the current eighth edi-
tion of the tumor-node-metastasis (TNM) staging sys-
tem, the 5-year overall survival (OS) rate for stage I
NSCLC has been reported to range from 73% to 90%,3

implying that the long-term survival outcomes after
complete surgical resection of stage I NSCLC remained
unsatisfactory. Notably, approximately 20%–40% of
stage I NSCLC patients experience local recurrence or
distant metastasis within 5 years after surgery,3 which
may be attributed to locally or systemically undetectable
residual viable tumor cells that were not eliminated by
surgery,4 making adjuvant treatment for stage I NSCLC
a major clinical challenge.

Adjuvant chemotherapy has emerged as the standard
postoperative treatment regimen for patients with stage
II to IIIA and select stage IB NSCLC, resulting in a 16%
reduction in the risk of recurrence or death and a 5%
improvement in OS.5,6 However, it is neither beneficial
nor recommended for patients with stage I lung cancer.7

Therefore, better treatment strategies to further improve
the long-term survival of patients with stage I NSCLC
are urgently expected. Epidermal growth factor receptor
(EGFR) mutations, particularly exon 19 deletions (19
Del) and exon 21 codon p.Leu858Arg (L858R) point
mutations, have been established as predictive factors
for response to EGFR tyrosine kinase inhibitors (TKIs)
in NSCLC.8,9 Several studies have reported that resected
NSCLC patients with sensitive EGFR mutations who
receive adjuvant EGFR-TKIs experience longer disease-
free survival (DFS) and fewer adverse events compared
to those receiving adjuvant chemotherapy or placebo.10,11
Although previous studies suggested a potential role for
first-generation EGFR-TKIs in postoperative therapy,11–13

identification of target populations that may benefit
from adjuvant EGFR-TKIs in the context of stage I
NSCLC remains to be explored.

A 14-gene molecular assay has been established to
stratify the risk of recurrence in patients with NSCLC
after surgical resection.14 Previous studies have de-
monstrated that among patients classified as molecular
high-risk, those who received adjuvant chemotherapy
exhibited significantly longer disease-free survival DFS
compared to those who did not.15 For one thing, it
would be helpful to accurately identify high-risk pa-
tients who may benefit from adjuvant therapy. For
another, it may identify patients with a low risk of
recurrence who are more likely cured with surgical
resection alone, thereby obviating the need for addi-
tional interventions.

In this study, we conducted a preliminary analysis in
the real-word practice scenario to investigate the po-
tential benefits of adjuvant EGFR-TKIs to stage I NSCLC
patients following complete surgical resection, and to
identify the dominant population with the optimal
clinical outcome.
Methods
Study design and population
This retrospective cohort analysis was conducted at the
First Affiliated Hospital of Guangzhou Medical Uni-
versity, spanning from March 2013 to February 2019.
The study design is presented in Fig. 1. Eligible patients
were (I) aged ≥18 years; (II) histopathologically diag-
nosed stage I non-squamous NSCLC (8th TNM staging);
(III) presence of a sensitizing EGFR mutation (19 Del
or L858R); (IV) underwent complete surgical resections
via lobectomy or pneumonectomy with systemic
www.thelancet.com Vol 64 October, 2023
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Fig. 1: Study profile. Data cutoff on February 28, 2019. Abbreviations: EGFR, epidermal growth factor receptor; IPTW, inverse probability of
treatment weighting; N, number; NSCLC, non-small cell lung cancer; TKI, tyrosine kinase inhibitor.
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intrathoracic lymph node dissection; (V) availability of
clinicopathological data, (VI) complete postoperative
follow-up of at least 5 years for patients without disease
progression, while for patients who experienced disease
progression, their follow-up duration was not neces-
sarily 5 years but rather the time until progression
within the 5-year period. The following patients were
excluded: (I) underwent incomplete surgical resection,
as per the Chinese guidelines on the diagnosis and
treatment of primary lung cancer (2019); (II) adjuvant
EGFR-TKIs initiated more than two months after sur-
gery; (III) previous malignancy in the past 5 years;
(IV) received previous systemic antitumor therapies
(chemotherapy, radiotherapy, or target therapy).
www.thelancet.com Vol 64 October, 2023
Decisions about whether patients would receive
adjuvant EGFR-TKIs were collaboratively made by the
patients and their attending physicians. This process
encompassed a comprehensive evaluation of various
factors, including the patient’s economic circum-
stances and treatment preferences. Moreover, guidance
was sought from the National Comprehensive Cancer
Network (NCCN) guidelines, which outline specific
high-risk factors. By incorporating these consider-
ations, a personalized recommendation was formulated
regarding the use of adjuvant EGFR-TKIs. The daily
dosages of icotinib, erlotinib, and gefitinib were
150 mg three times, 150 mg once, and 250 mg once,
respectively.
3
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Data collection
The baseline clinical data and the postoperative follow-
up information were extracted from the electronic
medical records system, including patient demo-
graphics (age, sex, smoking status), cancer information
(tumor location, tumor size, TNM stage, pathology,
histology, differentiation grade, EGFR status), and
postoperative information (survival status, disease pro-
gression, and any subsequent treatments received). The
TNM stage was reclassified according to the 8th edition
of the TNM classification by the International Associa-
tion for the Study of Lung Cancer.3 EGFR mutations
were detected using either the amplification-refractory
mutation polymerase chain reaction (PCR) system or
next-generation sequencing (NGS).

For patients without recorded survival status in the
postoperative medical records, we conducted telephone
interviews with the patients. While telephone interviews
may not provide as comprehensive information as the
electronic medical records system, they serve as a valu-
able means to collect patient-reported outcomes and
determine their overall well-being and disease status.

Disease recurrence was assessed based on the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1, including chest computed tomography (CT)
scan every 3 months during treatment, and every 6
months or as needed during long-term follow-up period
based on symptoms. Patients were followed up from
diagnosis until death or their last follow-up date. Data
collection ended on July 31, 2022.

14-Gene molecular assay
A Clinical Laboratory Improvement Amendments
(CLIA)-certified 14-gene quantitative PCR expression
assay (DetermaRx™, Burning Rock Biotech) has been
developed and validated globally to evaluate the recur-
rence risk of non-squamous NSCLC after surgical
resection. The complete methodology for RNA extrac-
tion, quality control, quantitative reverse transcription
PCR, and analytical validation have been thoroughly
described in previous studies.14,16

To explore the prognostic value of 14-gene assay in
adjuvant molecular targeted therapies, we retrospec-
tively collected formalin-fixed, paraffin-embedded tumor
samples submitted for molecular testing to obtain risk
stratification. The molecular prognostic assay stratified
patients into low, intermediate, or high-risk groups
based on the risk score, where intermediate- and high-
risk patients were grouped together and considered as
molecular high-risk for recurrence.

Outcomes
The primary endpoint of this study was 5-year disease-
free survival (DFS), which was calculated as the inter-
val from the initiation of treatment to the first recurrence
or death. The secondary end point was overall survival
(OS), which was defined as the time from treatment to
death from any cause. Patients who survived without
recurrence or were lost to follow-up were censored at the
time of their last available assessment, while patients
who died from other causes without prior recurrence
were censored at the date of death.

Statistics
The study population was divided into two groups based
on postoperative treatment: adjuvant EGFR-TKI and
observation. Given the nonrandomized nature of the
study design, inverse probability of treatment weighting
(IPTW) was applied to balance baseline covariates and
minimize potential confounding factors between these
two groups. The propensity score was derived by incor-
porating baseline variables that were deemed clinically
relevant, along with logistic regression results aimed at
exploring the association with adjuvant EGFR-TKIs.
These variables encompassed the following factors: age,
sex, smoking status, tumor location, examined lymph
node (ELN), TNM stage, histology, differentiation grade,
EGFR status, visceral pleural invasion (VPI), ground
glass opacity (GGO), and multiple primary lung cancer
(MPLC). Each patient was assigned a weight based on the
inverse of their probability of being assigned to a specific
treatment group. A stabilized inverse probability was
then calculated using the propensity score. Standardized
differences were computed to assess the balance of
covariates before and after stabilized IPTW. Following
the application of IPTW, all covariates demonstrated
standardized differences of less than 0.10, indicating a
satisfactory balance between the two groups.

To summarize patient characteristics, continuous
variables were summarized as means with standard
deviations (for normally distributed data) or medians
with interquartile ranges (for non-normally distributed
data), and differences between groups were evaluated
using either Student’s t-test or Mann–Whitney U-test.
Categorical variables were presented as frequencies and
percentages and compared between groups using
Pearson’s chi-square test or Fisher’s exact test.

The DFS and OS were estimated using the Kaplan–
Meier method and compared using the log-rank test.
Independent prognostic factors were identified using
univariable and multivariable Cox proportional hazard
regression analysis, and hazard ratios (HRs) with 95%
confidence intervals (CIs) were calculated. Subgroup
results are presented as a forest plot, illustrating the
clinical efficacy of adjuvant EGFR-TKIs across distinct
clinicopathological variables. To estimate the number
needed to treat (NNT) values, which represent the
number of individuals that need to be treated to prevent
the progression of one case, the inverse of the 5-year
incidence rate differences was calculated. Statistical
significance was set at a P-value of less than 0.05, and all
analyses were conducted using IBM SPSS Statistics
(version 26.0), R software (version 4.2.2), and GraphPad
Prism (version 9.5.1).
www.thelancet.com Vol 64 October, 2023
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Ethics
The study was registered at the National Clinical
Research Center for Respiratory Disease on December
29, 2021 (Study ID: ChNCRCRD-2022-GZ01). The study
was approved by the Institutional Ethics Committee for
Clinical Investigation of First Affiliated Hospital of
Guangzhou Medical University (No. KLS-2020),
enabling the use of extracted data for research pur-
poses. As a retrospective study, written informed con-
sents were waived by the ethical committee. This study
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting
guideline for cohort studies.

Role of the funding source
The funders had no role in the study design, data
collection, data analyses, interpretation, or writing of
report. The corresponding authors had full access to all
the data in the study and had final responsibility for the
decision to submit the manuscript for publication.
Results
Patient characteristics
A total of 227 eligible patients were included in the
study (Fig. 1), with 55 (24.2%) receiving adjuvant EGFR-
TKIs therapy and 172 (75.8%) in the observation group.
The median follow-up time was 78.4 (IQR, 67.0–89.5)
months. The median age of the study population was 61
years. The demographic and clinical characteristics of all
patients are presented in Table 1. All patients underwent
R0 surgical resection by lobectomy with negative mar-
gins. Before weighting, pronounced differences in
stage, VPI, and MPLC were noted between the EGFR-
TKIs and observation groups, indicating the imbalance
baseline characteristics between the two groups. After
weighting, 223 stage I NSCLC patients were included in
the survival analysis, with 53 patients receiving adjuvant
EGFR-TKIs and 170 patients in the observation group.
Of these, 111 (49.8%) patients were in stage IB, while
112 (50.2%) were in stage IA. Leu858 and 19 Del were
identified in 143 (64.1%) and 80 (35.9%) patients,
respectively. Cancer cell differentiation was classified as
poor (85, 38.1%), moderate (96, 43.0%) and well (42,
18.9%). The mean standard differences were inferior to
10% for all baseline characteristics as presented in
Tables 1 and in the love plot (Fig. 2).

Impact of EGFR-TKIs on survival outcomes in stage I
NSCLC patients
In total, 18 of 110 patients (16.4%) with stage IA received
adjuvant EGFR-TKIs, which increased to 37 of 117 pa-
tients (31.6%) with stage IB. Of 55 patients with adjuvant
EGFR-TKIs, 27 (49.1%) received icotinib, 13 (23.6%)
received erlotinib, and 15 (27.3%) received gefitinib. The
median duration of treatment for icotinib, erlotinib and
gefitinib were 12.2 months [interquartile range (IQR),
www.thelancet.com Vol 64 October, 2023
9.2–16.8 months], 14.8 months (IQR, 11.6–17.2 months)
and 13.1 months (IQR, 8.6–17.8 months), respectively.
Logistic regression was performed to determine the
variables associated with adjuvant EGFR-TKIs therapy in
stage I NSCLC (Table S1). For one thing, compared to
patients with well- and moderate-differentiated NSCLC,
those with poorly differentiated were more likely to
receive adjuvant EGFR-TKIs (HR = 1.94, 95% CI,
1.02–3.70; P = 0.044). For another, patients with IB
NSCLC (HR = 2.22, 95% CI, 1.12–4.40; P = 0.023) and
MPLC (HR = 4.04, 95% CI, 2.06–7.91; P < 0.001) were
also more likely to undergo adjuvant EGFR-TKIs thera-
pies, reflecting a higher proportion of high-risk popula-
tion in the EGFR-TKI group.

In the Kaplan–Meier analyses and log-rank test, the
EGFR-TKI group was associated with significantly
higher 5-year DFS rates [99.4% (95% CI, 98.1%–

100.0%) vs. 79.6% (95% CI, 73.3%–86.5%); P = 0.002]
and OS rates [100.0% (95% CI, 100.0%–100.0%) vs.
93.7% (95% CI, 89.9%–97.7%); P = 0.032] than the
observation group (Fig. 3A–B). The adjusted risk dif-
ference in 5-year progression rate between these two
groups was 19.8% (95% CI, 13.5%–24.8%), which
translated into a number needed to treat of 5 in patients
with stage I NSCLC.

In the observation group, a total of 31 patients
(18.0%) experienced recurrences, whereas only 1 patient
(1.8%) in the EGFR-TKI group experienced locoregional
recurrence (P = 0.003). Among the 31 patients who
experienced recurrence in the observation group, 11
cases were identified as locoregional recurrences, while
the remaining 20 cases were categorized as distant re-
currences. The most frequently observed sites of
locoregional recurrence were the ipsilateral lung, lymph
nodes, and pleura. Regarding distant recurrence, 11
patients (55.0%) exhibited brain metastasis, 6 patients
(30.0%) showed bone metastasis, and 3 patients (15.0%)
had contralateral lung metastasis.

Univariable Cox proportional hazards regression
analysis found that adjuvant EGFR-TKIs were signifi-
cantly associated with improved DFS in matched pa-
tients (HR = 0.39, 95% CI, 0.15–0.96; P = 0.048).
Multivariable Cox proportional hazards regression
analysis showed that adjuvant EGFR-TKIs remained
independently associated with improved DFS
(HR = 0.30, 95% CI, 0.14–0.67; P = 0.003) (Table S2).
Further analysis of OS was limited due to a low number
of deaths.

Subgroup analysis
In the subgroup analyses, we evaluated the association
of adjuvant EGFR-TKIs with survival outcomes in pa-
tients with IA and IB NSCLC. Patients with IA NSCLC
undergoing EGFR-TKIs experienced higher 5-year DFS
rates than the observation group [100.0% (95% CI,
100.0%–100.0%) vs. 84.5% (95% CI, 77.0%–92.7%);
P = 0.007]. Similar conclusions were obtained in the IB
5
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Characteristic–n (%) Before weighting After weighting

EGFR-TKIs
(n = 55)

Observation
(n = 172)

P-value SMD EGFR-TKIs
(n = 53)

Observation
(n = 170)

P-value SMD

Age

<60 19 (34.5) 70 (40.7) 0.513 0.154 24 (45.3) 69 (40.6) 0.605 0.088

≥60 36 (65.5) 102 (59.3) 29 (54.7) 101 (59.4)

Sex

Female 30 (54.5) 100 (58.1) 0.755 0.073 28 (52.8) 98 (57.6) 0.612 0.091

Male 25 (45.5) 72 (41.9) 25 (47.2) 72 (42.4)

Smoking

Never 43 (78.2) 139 (80.8) 0.817 0.065 41 (77.4) 136 (80.0) 0.639 0.080

Ever 12 (21.8) 33 (19.2) 12 (22.6) 34 (20.0)

Location

Upper 37 (67.3) 95 (55.2) 0.259 0.262 30 (56.6) 97 (57.1) 0.915 0.077

Middle 5 (9.1) 17 (9.9) 7 (13.2) 17 (10.0)

Lower 13 (23.6) 60 (34.9) 16 (30.2) 56 (32.9)

ELN

<16 23 (41.8) 88 (51.2) 0.293 0.188 27 (50.9) 84 (49.4) 0.911 0.020

≥16 32 (58.2) 84 (48.8) 26 (49.1) 86 (50.6)

Pathology stage

IA 18 (32.7) 92 (53.5) 0.012 0.429 28 (52.8) 84 (49.4) 0.731 0.060

IB 37 (67.3) 80 (46.5) 25 (47.2) 86 (50.6)

Differentiation grade

Well 8 (14.5) 36 (20.9) 0.159 0.297 9 (17.0) 33 (19.4) 0.928 0.071

Moderate 20 (36.4) 76 (44.2) 23 (43.4) 73 (42.9)

Poor 27 (49.1) 60 (34.9) 21 (39.6) 64 (37.6)

Histology

Adenocarcinoma 54 (98.2) 172 (100.0) 0.547 0.192 53 (100.0) 170 (100.0) 0.081 0.095

Adenosquamous carcinoma 1 (1.8) 0 (0.0) 0 (0.0) 0 (0.0)

EGFR mutation

Exon 19 deletions 20 (36.4) 63 (36.6) 1.000 0.005 18 (34.0) 62 (36.5) 0.758 0.055

Exon 21 Leu858Arg 35 (63.6) 109 (63.4) 35 (66.0) 108 (63.5)

VPI

Yes 36 (65.5) 76 (44.2) 0.010 0.437 28 (52.8) 83 (48.8) 0.722 0.067

No 19 (34.5) 96 (55.8) 25 (47.2) 87 (51.2)

GGO

Yes 18 (32.7) 43 (25.0) 0.342 0.171 15 (28.3) 47 (27.6) 0.815 0.041

No 37 (67.3) 129 (75.0) 38 (71.7) 123 (72.4)

MPLC

Yes 23 (53.5) 32 (23.4) <0.001 0.659 19 (34.0) 55 (32.4) 0.778 0.047

No 20 (46.5) 105 (76.6) 35 (66.0) 115 (67.6)

LVI

Yes 5 (9.1) 9 (5.2) 0.476 0.150 3 (5.7) 10 (5.9) 0.940 0.012

No 50 (90.9) 163 (94.8) 50 (94.3) 160 (94.1)

Abbreviations: EGFR, epidermal growth factor receptor; ELN, examined lymph node; GGO, ground glass opacity; IPTW, inverse probability of treatment weighting; LVI, lympho-vascular invasion; MPLC,
multiple primary lung cancer; SMD, standardized mean difference; TKI, tyrosine kinase inhibitor; VPI, visceral pleural invasion.

Table 1: Baseline demographic and clinical characteristics of patients before and after IPTW.

Articles

6

group, showing a better 5-year DFS rates in patients
with EGFR-TKIs [98.8% (95% CI, 96.5%–100.0%) vs.
75.3% (95% CI, 65.6%–86.5%); P = 0.008]. In terms of
OS outcomes, the IB group exhibited a notable clinical
advantage between EGFR-TKI and observation group
[100.0% (95% CI, 100.0%–100.0%) vs. 91.2% (95% CI,
85.0%–97.8%); P = 0.030)], whereas the IA group did
not [100.0% (95% CI, 100.0%–100.0%) vs. 96.8% (95%
CI, 93.3%–100.0%); P = 0.560) (Fig. 3C–F). Additionally,
the clinical efficacy of adjuvant EGFR-TKIs was consis-
tently favorable in most of the prespecified subgroups
(Figure S1). The adjusted risk difference in 5-year
www.thelancet.com Vol 64 October, 2023
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Fig. 2: Love plots for standardized mean differences comparing co-
variate values before and after IPTW. Abbreviations: EGFR, epidermal
growth factor receptor; ELN, examined lymph node; GGO, ground
glass opacity; IPTW, inverse probability of treatment weighting; LVI,
lympho-vascular invasion; MPLC, multiple primary lung cancer; VPI,
visceral pleural invasion.
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progression rate between the two groups was 15.5%
(95% CI, 7.3%–23.0%) in IA NSCLC and 23.5% (95%
CI, 13.5%–30.9%) in IB NSCLC, which translated into a
number needed to treat of 6 and 4 in IA and IB NSCLC.

Association of 14-gene molecular risk stratification
with prognosis
The 14-gene assay was performed in 180 patients,
stratifying 31 (17.2%), 55 (30.6%), and 94 (52.2%) pa-
tients as high, intermediate, and low risk of recurrence,
respectively (Figure S2). In the observation group, pa-
tients in the high-risk group (HR = 11.72; P < 0.001) and
the intermediate-risk group (HR = 4.19; P = 0.019) both
showed a notably reduced DFS compared to those in the
low-risk group. Consequently, these two risk groups
were combined and designated as the intermediate-
high-risk group, representing individuals with a mo-
lecular high-risk of recurrence (Fig. 4A–B). The 5-year
DFS rates for the low-risk and intermediate-high-risk
group were 94.9% and 70.5%, respectively (P < 0.001)
(Fig. 4C). Moreover, the 5-year OS for the low-risk and
intermediate-high-risk group were 97.4% and 91.3%,
respectively (P = 0.002) (Fig. 4D). These findings indi-
cated the independent association of the 14-gene mo-
lecular risk stratification with prognosis, and
demonstrated that the 14-gene assay remained a sig-
nificant prognostic indicator after stratification by clini-
copathological variables.
www.thelancet.com Vol 64 October, 2023
Association of 14-gene molecular risk stratification
with adjuvant EGFR-TKIs benefits
The interaction test between the 14-gene molecular
risk stratification and adjuvant EGFR-TKIs demon-
strated that molecular high-risk patients had a more
favorable response to adjuvant EGFR-TKIs compared
with molecular low-risk patients. Specifically, for high-
risk patients, adjuvant EGFR-TKIs were associated with
a statistically significant improvement in both 5-year
DFS [96.0% (95% CI, 88.6%–100.0%) vs. 70.5% (95%
CI, 59.9%–82.9%); P = 0.012] and OS rates [100.0%
(100.0%–100.0%) vs. 91.3% (95% CI, 84.3%–98.9%);
P = 0.048] compared to observation alone. Conversely,
no statistically significant differences were observed in
either DFS [100.0% (95% CI, 100.0%–100.0%) vs.
94.9% (95% CI, 90.1%–99.9%); P = 0.360] or OS
[100.0% (100.0%–100.0%) vs. 97.4% (95% CI, 93.9%–

100.0%); P = 0.520] among the low-risk population
(Fig. 5).

Subgroup analyses according to TNM stage revealed
that molecular high-risk patients had superior survival
benefits in stage IA and IB NSCLC subgroups. How-
ever, low-risk patients showed clinically smaller benefits
in the stage IB NSCLC subgroup, and no differences
were identified in the stage IA NSCLC subgroup
(Figures S3–S5).

Discussion
Adjuvant EGFR-TKIs have been established as effective
therapeutic options for improving survival outcomes in
patients diagnosed with stage II to IIIA NSCLC
harboring EGFR mutations,17 as these patients are at
high risk for harboring occult micrometastases.18–20

Notably, approximately 30% of stage IA patients ulti-
mately succumb to occult metastasis, a potential target
for eradication through systemic adjuvant treatment.15

Despite these promising prospects, owing to the lack-
luster data from previous clinical trials, these advances
have not been successfully applied to stage I, especially
stage IA NSCLC patients.

In the present study, although the median DFS was
not reached in either group at the data cutoff, adjuvant
EGFR-TKIs demonstrated a sustained and clinically
significant 5-year DFS benefit in stage I NSCLC pa-
tients, particularly in those identified as high-risk based
on both clinicopathological and molecular stratification
criteria. This finding holds considerable significance as
it figured out the dominant population that may benefit
from adjuvant EGFR-TKIs that has previously been
overlooked. To the best of our knowledge, this is the first
study evaluating the efficacy of adjuvant EGFR-TKIs in
both stage IA and IB NSCLC patients.

Our findings corroborate the observations made
in previous studies that have compared adjuvant
EGFR-TKIs with observation in stage IB NSCLC. The
updated analysis of the final and mature ADAURA trial
revealed that the third-generation EGFR-TKI
7
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Fig. 3: Kaplan–Meier survival analysis for stage I NSCLC patients according to treatment. (A) DFS in stage I NSCLC patients. (B) OS in stage I
NSCLC patients. (C) DFS in stage IA NSCLC patients. (D) OS in stage IA NSCLC patients. (E) DFS in stage IB NSCLC patients. (F) OS in stage IB
NSCLC patients. The shaded area represents the 95% CI. Abbreviations: CI, confidence interval; DFS, disease-free survival; EGFR, epidermal growth
factor receptor; NSCLC, non-small cell lung cancer; OS, overall survival; TKI, tyrosine kinase inhibitor.
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Fig. 4: Kaplan–Meier survival analysis of the observational cohorts, stratified by the 14-gene assay. (A) DFS in high-, intermediate-, and low-risk
stage I NSCLC patients. (B) OS in high-, intermediate-, and low-risk stage I NSCLC patients. (C) DFS in intermediate-high- and low-risk stage I
NSCLC patients. (D) OS in intermediate-high- and low-risk stage I NSCLC patients. The shaded area represents the 95% CI. Abbreviations: CI,
confidence interval; DFS, disease-free survival; OS, overall survival.
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osimertinib yielded improvements in DFS (HR = 0.44,
95% CI, 0.25–0.76) and OS (HR = 0.44, 95% CI,
0.17–1.02) when compared to placebo in surgically
resected stage IB EGFR-mutant NSCLC.21,22 Similarly,
the CORIN trial demonstrated that adjuvant icotinib was
associated with a remarkable 75% reduction in the 3-
year risk of disease relapse or mortality (HR = 0.25,
95% CI, 0.07–0.87) according to the 8th edition of the
TNM staging system.23

The efficacy of adjuvant EGFR-TKI in this study is
consistently maintained until the last observed date, as
evidenced by the sustained separation of the Kaplan–
Meier curves during the 5-year follow-up period. This
finding suggests that some patients may continue to
www.thelancet.com Vol 64 October, 2023
derive benefits from adjuvant EGFR-TKIs even after the
discontinuation of these agents. The survival advantage
associated with adjuvant EGFR-TKIs in early-stage
NSCLC can be attributed to several potential mecha-
nisms. Firstly, adjuvant EGFR-TKIs prevent the estab-
lishment of dormant micrometastases originating from
circulating tumor cells (CTCs) following surgical inter-
vention. Secondly, highly potent and selective EGFR-
TKIs have demonstrated their capacity to induce
apoptosis with long-lasting effects in xenograft and
transgenic tumor models harboring EGFR muta-
tions.24,25 In addition, our previous study revealed a
lower frequency of cell cycle gene co-mutation fre-
quency in stage IB NSCLC compared to those in stage
9
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Fig. 5: Association of adjuvant EGFR-TKIs with DFS and OS in stage I NSCLC patients, stratified by the 14-gene assay. (A) DFS in stage I NSCLC
patients. (B) OS in stage I NSCLC patients. The shaded area represents the 95% CI. Abbreviations: CI, confidence interval; DFS, disease-free
survival; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; OS, overall survival; TKI, tyrosine kinase inhibitor.
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IIIB-IV (13.3% vs. 25.5%). This discrepancy suggests a
potentially favorable treatment response in early-stage
NSCLC when compared to patients with advanced-
stage disease.26
The overall incidence of recurrences, encompassing
both locoregional and distant recurrences, was signif-
icantly lower in the EGFR-TKI group compared to the
observation group. Notably, in the stage IA cohort,
www.thelancet.com Vol 64 October, 2023
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patients who received adjuvant EGFR-TKIs exhibited
no signs of tumor recurrence or metastatic disease
within the 5-year post-surgery period. This finding is
distinct from previous clinical trials where a decline in
recurrence-free survival after 2 or 3 years was
frequently observed, possibly due to the discontinua-
tion of EGFR-TKIs.13,27–32 Remarkably, such waning
treatment effect was not observed in stage IA patients
in the present study. These data provide initial insights
into the patterns of recurrence and raise questions
regarding the impact of adjuvant EGFR-TKIs on the
natural progression of the disease, particularly whether
they improve cure rates or merely delay relapse.
Although the underlying mechanism remains unclear,
the clinical significance of these findings should not be
overlooked.

As reported in previous literature, the 14-gene assay
was found to be a superior predictor of recurrence rates
compared to conventional clinicopathologic and NCCN
risk criteria, which was consistent with our cohort of
227 patients.14,15,33,34 Specifically, in our study, improved
survival outcomes were observed exclusively in the high-
risk group, while the low-risk group exhibited favorable
long-term survival irrespective of adjuvant EGFR-TKI
treatment. Furthermore, the differentiation between
the survival curves of the EGFR-TKI and observation
groups became more distinct after molecular risk
stratification using the 14-gene assay. This observation
suggests that the pronounced survival benefit observed
in the EGFR-TKI group may be attributed to the inclu-
sion of a large number of high-risk patients who are
currently receiving inadequate adjuvant EGFR-TKI
therapy. These results provide preliminary evidence
for the clinical utility of the 14-gene assay and support
its accuracy in categorizing patients into low- and high-
risk populations.

Several studies have demonstrated that molecular
profiling and monitoring of minimal residual disease
(MRD) may provide valuable insights into the risk of
recurrence after curative surgery for NSCLC.35–39 In our
study, we have employed the 14-gene assay as a valuable
tool to guide risk stratification for postoperative recur-
rence and predict the potential benefits of adjuvant
EGFR-TKI therapy in patients with stage I NSCLC,
thereby complementing existing clinical-pathological
stratification and NCCN guidelines. However, the
sensitivity of MRD detection methods still requires
improvement. In cases where MRD detection presents
false negativity, a comprehensive assessment of post-
operative recurrence risk in NSCLC patients can also be
achieved through the integration of other molecular
markers.

Our study has several limitations that should be
acknowledged. Firstly, given the nature of our study,
which focuses on stage I NSCLC patients receiving
adjuvant EGFR-TKI therapy as an off-label treatment,
www.thelancet.com Vol 64 October, 2023
the eligible patient population itself is relatively small,
which resulted in limited statistical power for survival
analysis and a restricted number of recurrence events.
Also, due to the limitations of the available data and the
primary objectives of our study, we were unable to
provide comprehensive results on tolerability and
toxicity of adjuvant EGFR-TKI. While our study
focused on the 14-gene panel, which has shown po-
tential in distinguishing between EGFR wild-type and
mutant variants in previous study,40 there may be other
biomarkers that could provide further insights into
treatment outcomes and guide personalized therapeu-
tic strategies. Exploring and identifying predictive
markers and models specifically tailored for EGFR-
mutated NSCLC should be a focus of future in-
vestigations in the field. Also, as a single-center study,
the generalizability of the observed survival benefit to a
broader population of stage I NSCLC patients remains
to be confirmed. Moreover, the retrospective nature of
the study introduced potential selection bias and hin-
dered the determination of the optimal treatment
regimen and duration for adjuvant EGFR-TKIs in high-
risk stage I NSCLC patients. These findings should, in
this respect, be interpreted with caution. Furthermore,
it was not feasible at the time to conduct routine large-
panel NGS testing, resulting in insufficient data on co-
mutations and their potential influence on treatment
outcomes. However, despite these limitations, our data
provide valuable evidence supporting the efficacy of
adjuvant EGFR-TKIs for patients with surgically
resected stage I NSCLC harboring EGFR mutations. To
obtain more robust and definitive conclusions, further
prospective interventional trials with larger sample
sizes and rigorous study designs are currently ongoing.
These trials aim to address the existing limitations and
provide more comprehensive insights into the role of
adjuvant EGFR-TKIs in the management of stage I
NSCLC.

In summary, adjuvant EGFR-TKIs is associated with
improved survival outcomes in patients with stage I
EGFR-mutated NSCLC after complete tumor resection,
particularly in those identified as high risk for recur-
rence. These findings highlight the potential clinical
importance of incorporating the 14-gene molecular
assay into the decision-making process for adjuvant
EGFR-TKIs. Additional large-scale randomized clinical
trials are highly warranted to validate the observed sur-
vival benefits with adjuvant EGFR-TKIs in patients with
early-stage NSCLC.
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