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Abstract: Aims: We investigate the value of postoperative minimal residual disease (MRD) detection using circulat-
ing tumor DNA (ctDNA) in guiding adjuvant therapy for patients with potentially high recurrence risk in non-small cell
lung cancer (NSCLC) due to the presence of MRD. Patients and Methods: A randomized controlled trial will enroll
stage IA-IIA NSCLC patients with Epidermal Growth Factor Receptor (EGFR) mutation and negative resection margins
to evaluate the clinical value of MRD in guiding adjuvant osimertinib. That is, if the patient’s peripheral blood does
not show ctDNA (negative) after next generation sequencing (NGS) testing, postoperative observation and follow-
up are sufficient. Conversely, if ctDNA is positive, the patient will be randomly assigned to two groups and receive
adjuvant treatment with osimertinib or observation and follow-up. In total 1068 postoperative patients should be
recruited, finally, 32 MRD positive patients were divided into a treatment group or an observation group. Primary
endpoint: progression-free survival (PFS). Secondary endpoints: 2- and 5-year PFS rates, regimen safety, and toler-
ability. Exploratory indicator in the MRD-positive group: ctDNA clearance rate at 12 and 24 months. Results and
conclusions: This study provides crucial insights into therapy guidance for EGFR-mutated NSCLC patients with MRD,
potentially enhancing patient outcomes.
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Introduction radical resection of the primary tumor, and
some researchers reported that the 5-year
overall survival (OS) rate of stage I-llla patients
is 33%-60% with surgery with curative intent
[3], while others reported as 73-90% [4]. For
NSCLC patients of stage |, the prognosis is gen-
erally favorable with 5-year survival rate rang-
ing from 73% to 90% [5]. The overall survival of
patients is mainly affected by tumor recurrence,

Background and rationale

Lung cancer is the most common cancer world-
wide, and NSCLC accounts for about 85% of all
lung cancers. In 2020, there were 2.21 million
new lung cancer cases and 1.8 million deaths
worldwide, which caused an enormous eco-
nomic burden for patients and society [1]. Data

from the National Cancer Center of China cor-
roborates lung cancer’s prevalence as the lead-
ing cancer type in China. In 2016, out of 4.064
million new cancer cases, lung cancer repre-
sented 828,000, with lung cancer deaths
reaching 457,000 out of 2.414 million cancer-
related fatalities [2]. For patients with early-
stage NSCLC, the main treatment strategy is

which may directly lead to death after surgical
resection. According to reports, the recurrence
rate ranges from 20-37.4% depending on the
follow-up time [6]. For stage IB, 1-year overall
rate for patients with and without adjuvant che-
motherapy were 94% and 94%, respectively. 5
years overall rate were 60% and 58%, respec-
tively [7].
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ctDNA contains cancer-associated genetic in-
formation derived from tumor cells [8]. It was
usually demonstrated several ways that ctDNA
originated, including nuclear and mitochondrial
DNA released by apoptotic and necrotic cells,
and even living tumor cells such as circulating
tumor cells (CTCs) present in the blood [8]. The
non-invasive analysis of ctDNA offers consider-
able advantages, including simplified sample
collection and the ability to longitudinally track
tumor evolution. ctDNA not only provides a
broad genetic snapshot but also serves to
reduce the impact of tumor heterogeneity on
diagnostics. Advances in detection methodolo-
gies have propelled the utilization of ctDNA as
a complementary, and at times alternative,
approach to conventional tissue biopsies. Such
applications range from early cancer diagnosis
to monitoring for disease recurrence, prognos-
tication, and predicting response to treatment
as well as identifying the development of drug
resistance [9-11].

Osimertinib, a third-generation EGFR tyrosine
kinase inhibitor (EGFR-TKI), is designed to
selectively target both EGFR activating and
EGFR T790M resistance mutations. It has
secured full approval from the US Food and
Drug Administration (FDA) for the treatment of
metastatic EGFR-mutant NSCLC patients who
harbor these mutations and as an adjuvant
treatment for early-stage NSCLC (IB-llIA). Si-
milarly, the National Medical Products Admi-
nistration (NMPA) of China has sanctioned its
use for three specific clinical settings: as a sub-
sequent line of therapy for adult patients with
locally advanced or metastatic NSCLC with
confirmed EGFR T790M mutation following
prior EGFR-TKI treatment; as first-line treat-
ment for adult patients with locally advanced or
metastatic NSCLC possessing EGFR exon 19
deletions or exon 21 (L858R) substitution mu-
tations; and as adjuvant therapy after tumor
resection in patients with EGFR mutations [12,
13].

The ADAURA study, a randomized phase Il
trial, has scrutinized the efficacy and safety of
osimertinib as adjuvant therapy in resected
early-stage EGFR-mutated NSCLC. The overall
survival analysis from the ADAURA trial was
published recently, which indicated that am-
ong patients with stage IB to IlIA disease, the
5-year OS was 88% with adjuvant osimertinib
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compared to 78% with placebo, with a median
follow-up for OS of 60.4 months (osimertinib)
and 59.4 months (placebo) (HR, 0.49; 95% ClI,
0.34 t0 0.70; P < 0.0001) [14]. This study dem-
onstrated adjuvant osimertinib displayed an
obvious and exciting benefit in resected EGFR-
mutated NSCLC. Nevertheless, the overall
hazard ratio for death at 0.49 highlights the
need for further investigations to refine the eli-
gible patient cohort for maximal benefit. For
this purpose, there are two potential research
directions for future strategies. One is the appli-
cation of combination therapy in the adjuvant
treatment stage, such as osimertinib combined
with chemotherapy or other treatment meth-
ods. The other is to improve the benefit of adju-
vant osimertinib utilizing specific methods or
biomarkers. The evaluation of MRD to guide
osimertinib adjuvant therapy appears to be the
most promising of these strategies. Therefore,
we have designed and registered this clinical
trial to propose meaningful directions for the
optimization of adjuvant targeted therapy for
early-stage NSCLC.

Objectives

This study is a randomized controlled trial (RCT)
designed to investigate the utility of ctDNA-
based MRD as a guide for postoperative adju-
vant therapy with osimertinib in early-stage
NSCLC. The primary endpoint is the PFS of the
participants. Secondary endpoints include the
PFS rate at 2 and 5 years, alongside an evalua-
tion of the treatment’s safety and tolerability.
In addition, among the MRD-positive group, the
ctDNA clearance rate at 12 and 24 months will
serve as an exploratory measure of the adju-
vant therapy’s effectiveness.

Trial design

This open-label, multicenter RCT prospectively
examines the effectiveness of ctDNA-based
MRD in guiding postoperative adjuvant therapy
with osimertinib for early-stage NSCLC. Eligible
participants include patients with stage IA-1IA
NSCLC who have undergone radical surgery
yielding negative resection margins (RO), with
their tumor samples subjected to NGS detec-
tion. Following stratification, patients harboring
EGFR mutations will proceed within the study
framework. On the seventh day and 1 month
postsurgery, peripheral blood samples will be
collected for MRD assessment using NGS to
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Figure 1. Flow chart for data analysis in this research.

detect ctDNA as previously described [15].
Tumor samples obtained from surgical resec-
tions are subjected to a comprehensive analy-
sis for somatic mutations using an NGS panel
that targets 733 cancer-related genes (3D
Medicines Inc., Shanghai, China). Prior to ana-
lyzing the tumor sequencing data, germline
variants identified by comparing the NGS
results with matched peripheral blood leuko-
cytes are systematically excluded. Each pa-
tient’'s somatic variants are cataloged as indi-
vidual markers for subsequent ctDNA surveil-
lance. Plasma samples are assessed with a
179-gene NGS panel specialized for MRD de-
tection of NSCLC. Patients are classified as
MRD-positive if one or more individual somatic
variants are identified in their plasma; those
with no detectable variants are deemed MRD-
negative. Prospective enroliment will be con-
ducted to evaluate the PFS of the adjuvant
osimertinib therapy (Figure 1).

Methods
Participants

In this study, patients diagnosed with stage
IA-IIA EGFR-mutated NSCLC will be recruited
(Figure 1) and their baseline characteristics
will need to be comprehensively collected
(Supplementary Table 1). The sample size cal-
culation is predicated on the assumption that
for postoperative MRD-negative patients with
clinically low-risk, there is no significant differ-
ence in the 2-year survival rate between those
who receive adjuvant therapy and those who do
not. For patients who are MRD-positive with
clinically low-risk however, it is projected that
the 2-year PFS rate stands at 45% for the
observation group (Group A), and increases to
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high risk

90% in the osimertinib adjuvant treatment
cohort (Group B), as per available data [16].
The intended patient number ratio for the two
groups is set to A:B = 1:1 with a statistical
power (POWER) of 0.8 and a significance level
(x) of 0.05. Utilizing an online statistical calcu-
lator (http://powerandsamplesize.com/Calcu-
lators/Compare-2-Proportions/2-Sample-Equa-
lity) yielded a required sample size of 14
patients for Group B, leading to a total of 28
patients for both groups combined. Accounting
for an anticipated dropout rate of 15%, it is
determined that 16 patients per group will be
necessary. In light of the fact that the average
MRD positivity rate post-IA-IIA surgery is do-
cumented as 15% [17], and considering 3D
Medicine Inc.’'s MRD detection strategy that
this study will adopt showed a lower positivity
rate than previously reported data [18], we
have conservatively estimated the MRD positiv-
ity rate in our study at 10%. To reach a suffi-
cient sample of MRD-positive patients, we
need to include 320 low-risk participants in
that category. Given that clinical experience
suggests low-risk patients comprise about 60%
of our target population, this necessitates the
enrollment of approximately 534 postoperative
patients positive for EGFR. Furthermore, draw-
ing from previous research findings, the preva-
lence of EGFR positivity in the Chinese NSCLC
patient cohort is around 50% [19, 20]. There-
fore, we estimate the necessity to recruit
upwards of 1068 postoperative patients to
meet the requirements of our study.

Inclusion criteria

(1) Adult patients aged over 18-70 years. (2)
NSCLC confirmed by histopathology. (3) Pa-
tients with stage IA-1IIA NSCLC who have under-
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gone curative lung surgery with negative resec-
tion margins and possess EGFR mutations,
excluding mutations associated with osimer-
tinib resistance (e.g., L718Q, C797S). (4) The
Eastern Cooperative Oncology Group (ECOG)
performance status score of 0-1, without dete-
rioration in the initial two weeks post-enroll-
ment and an expected survival of at least 12
weeks. (5) Full recovery from surgery with pre-
treatment imaging indicating no evidence of
tumor relapse or progression. (6) Clinical labo-
ratory parameters within the specified ranges:
(@) Platelet count > 100 x 10°/L; (b) Absolute
neutrophil count (ANC) > 1.5 x 10°/L or abso-
lute white blood cell count (WBC) > 3.5 x 10%/L;
(c) Hemoglobin (Hgb) > 100 g/L (no blood trans-
fusion or use of erythropoietin within 4 weeks);
(d) Total bilirubin < 1.5 x the upper limit of nor-
mal value (ULN) (or £ 2.5 x ULN with liver
metastasis); (e) Alanine transaminase (ALT)
and cereal straw transaminase (AST) < 2.5 x
ULN; (f) Creatinine < 1.5 x ULN or creatinine
clearance rate > 50 mL/min (according to
Cockcroft Fault formula); (g) Serum amylase < 2
x ULN or pancreatic amylase < 1.5 x ULN; (h)
Serum lipase < 1.5 x ULN; (i) The subjects who
did not take anticoagulants, or those who had
previously used anticoagulants met the require-
ment of stopping the medication for 28 days
before enrollment, with an international stan-
dardized ratio (INR) £ 1.5 and an activated par-
tial thromboplastin time (APTT) < 1.5 x ULN. (7)
Able to swallow and take oral medication. (8)
Comply with the informed consent form.

Exclusion criteria

(1) Tumor histology indicative of small cell lung
cancer, neuroendocrine tumors, sarcoma, or
mixed pathology. (2) Prior systemic anti-cancer
treatments and postoperative therapy such as
chemotherapy, radiation, targeted therapy, or
immunotherapy. (3) Clinically evident disease
recurrence prior to adjuvant therapy, as demon-
strated via pathological or imaging techniques.
(4) Previous history of interstitial lung disease
(ILD), evidence of drug-induced ILD, or any clini-
cally active ILD, and the baseline CT scan
showed the presence of idiopathic pulmonary
fibrosis. (5) Clinically uncontrollable pleural/
abdominal effusion. (6) High risk factors include
the degree of differentiation is low, postopera-
tive pathology suggests cancer thrombus in the
vessels, pathology suggests involvement of the
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visceral pleura, the number of detected lymph
nodes is too small, and the pathological sub-
type is micropapillary. (7) Received glucocorti-
coid treatment 28 days before the first adminis-
tration (equivalent dose of > 10 mg prednisone
per day). (8) History of active autoimmune dis-
eases requiring systemic treatment (i.e. the use
of disease-regulating drugs, corticosteroids, or
immunosuppressive drugs) within the last two
years. (9) Allergy to osimertinib. (10) Allogeneic
tissue/solid organ transplantation has been
carried out. (11) Except for hair loss and stable
peripheral neurotoxicity below level 2, any clini-
cal toxicity related to previous treatment before
enroliment has not returned to pre-treatment
levels or level 1. (12) Current pregnancy (evi-
denced by positive serum B-HCG) or lactation.
(13) Incomplete clinical pathological data or
follow-up information. (14) Suspected or con-
firmed immune deficiency or active infection.
(15) As assessed by the investigator, unsuit-
ability for trial participation for any reason.
(16) Known psychiatric disorders or substance
abuse that could affect protocol adherence.

Interventions

In this study, we focus on early-stage (IA-11A)
non-small cell lung cancer (NSCLC) in adult
patients with EGFR mutations but without clini-
cal high-risk factors, which are clinically classi-
fied as low-risk individuals. After surgical resec-
tion, patients who tested positive for MRD are
assigned to one of two groups: the observation
group or the adjuvant osimertinib treatment
group. In the adjuvant treatment group, patients
receive a daily dose of 80 mg of osimertinib for
a duration of 3 years, unless treatment is pre-
maturely discontinued due to disease progres-
sion or intolerance. Conversely, for patients
with EGFR mutations who are clinically low-risk
and MRD-negative, the decision to pursue adju-
vant osimertinib therapy or undergo postopera-
tive observation is determined according to the
patient’s preferences.

Outcomes

(1) Primary endpoint: Evaluation of PFS among
patients with early-stage EGFR-mutated NSCLC
undergoing MRD-guided osimertinib adjuvant
therapy, assessed according to RECIST 1.1
criteria. (2) Secondary endpoints: 2-year and
B5-year PFS rates and subjects’ quality of life
(QoL). QoL was assessed using the EORTC QLQ-
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C30 questionnaire. (3) Exploratory endpoint:
ctDNA clearance rate at 12 and 24 months
after surgery. (4) Safety: The overall incidence
of adverse events (AEs); the incidence of AE at
level 3 or higher; the incidence of serious
adverse events (SAEs); the incidence of AEs
leading to the termination of experimental med-
ication; and the incidence of AEs leading to the
suspension of experimental medication.

Data statistics and analysis

Patients with a cancer event unrelated to the
original tumor such as a ‘second primary’ tumor
were considered censored for purposes of PFS,
but not for OS. Death was included as an event
for OS and PFS. Hazard Ratios and significance
were obtained using the R package ‘survival’
based on the time from the end of treatment.
Kaplan-Meier and log rank tests were adopt-
ed to evaluate the predictive significance of
ctDNA/MRD detection.

Discussion

The 5-year overall survival rate of NSCLC is
still very low with considerable variation across
stages. A European study involving 2098 lung
cancer patients indicated 5-year recurrence
and metastasis rates for stages IA, IB, and
IIA as 33.9%, 37.8%, and 61.2%, respectively.
Contrastingly, research from Taiwan revealed
only about a 50% 5-year DFS rate for stage |
lung cancer post-surgery, implying over 40% of
these patients experience recurrence or dis-
ease progression within five years [21, 22].
Therefore, postoperative adjuvant therapy for
early-stage patients with a high risk of recur-
rence is very necessary and important.

According to the latest version of National
Comprehensive Cancer Network (NCCN) gui-
delines, patients with stage IB and IIA can
choose observation or chemotherapy for high-
risk patients or atezolizumab (for stage IIA) or
osimertinib (EGFR exon 19 deletion or L858R).
However, the LACE meta-analysis suggests a
modest increase of 5.2% (P < 0.0001) in 5-year
DFS and 5.3% (P = 0.0043) in 5-year OS with
adjuvant chemotherapy, with potential draw-
backs for stage IA patients. Specifically, adju-
vant chemotherapy correspondingly diminishes
the mortality risk by merely 8% in stage IB and
17% in stages lI-lll [23]. Furthermore, studies
have revealed that adjuvant chemotherapy
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benefits patients with micropapillary lung ade-
nocarcinoma at stage IA. However, the bene-
fits among NSCLC patients with various patho-
logical subtypes at stage IB differ; those with
micropapillary/parenchymal patterns experien-
ce advantages from adjuvant chemotherapy,
unlike those with the acinar subtype [20, 24].
These findings underscore the necessity of a
judicious approach to adjuvant therapy for
stages IIA and earlier, avoiding one-size-fits-all
strategies and overtreatment, which can lead
to both patient burden and healthcare resource
wastage.

Selecting patients for adjuvant therapy through
biomarkers is vital, especially with emerging
targeted treatments. Notably, adjuvant osimer-
tinib has shown promise for EGFR-positive pa-
tients (EGFR exon 19 deletion or L858R). The
approval of osimertinib as adjuvant therapy for
EGFR-positive patients is based on the data of
the ADAURA study, a global multicenter, ran-
domized, double-blind, phase Il clinical trial,
demonstrating a staggering 90% versus 44%
two-year DFS rate between the osimertinib and
placebo groups for stage Il to llIA patients (haz-
ard ratio for disease recurrence or death, 0.17;
99.06% Cl, 0.11 to 0.26; P < 0.001) [16]. The
approval of this targeted adjuvant therapy has
expanded the benefit patient group of osimer-
tinib from advanced patients to early resect-
able NSCLC patients, revolutionizing the treat-
ment mode of early-stage NSCLC and breaking
through the standard of radical surgery and
adjuvant chemotherapy treatment mode. Addi-
tionally, adjuvant targeted therapy after surgery
can further improve the curative effect, which
is of great significance for reducing the risk of
postoperative recurrence and improving the
prognosis and long-term survival of patients
with EGFR mutations.

Detection of ctDNA using NGS is a type of the
liquid biopsies currently employed for MRD ass-
essment in various solid tumors. Particularly,
ctDNA-based MRD monitoring during postop-
erative follow-up can allow for an earlier predic-
tion of disease relapse compared with current
imaging modalities. Thereby, precise MRD mo-
nitoring could be pivotal in the effective man-
agement and potential eradication of tumors
in the future [25, 26]. Moreover, the value of
MRD monitoring is not only in the prediction of
patients’ postoperative recurrence risk but also
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in guiding postoperative treatment decisions
[26-28]. Several research studies focusing on
MRD in resectable NSCLC have been pub-
lished, and almost all of these studies have
shown that in patients with stage IlI-lll NSCLC,
ctDNA-based MRD contributes more signifi-
cantly to the prediction of recurrence-free sur-
vival (RFS) than other variables, including TNM
staging [26-28]. Furthermore, MRD status was
associated with patient benefit from adjuvant
therapy; MRD-positive patients could benefit
from adjuvant therapies, while MRD-negative
patients showed a low risk of relapse regard-
less of whether they received adjuvant therapy
[26, 27]. However, in these studies, adjuvant
therapy mainly refers to adjuvant chemothera-
py; the significance of MRD monitoring in guid-
ing the decision-making for postoperative tar-
geted therapy in NSCLC patients with EGFR
mutations remains unclear. Therefore, we have
designed and are actively promoting this study
to address these academic and clinical ques-
tions and to enrich the literature in this field.

Conclusion

This study aims to evaluate the clinical value of
MRD detected through ctDNA in guiding adju-
vant therapy for patients with EGFR-mutated
early-stage NSCLC. The findings from this study
have the potential to significantly impact clini-
cal practice by providing valuable information
on postoperative recurrence risk prediction
and guidance for therapy strategy in EGFR-
mutated NSCLC patients with MRD, ultimately
improving patient outcomes and survival rates.
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Supplementary Table 1. Baseline characteristic measurements

Characteristics

%

Total

Gender
Male
Female

Age
> 60
<60

Smoking
Yes
No

Histology
Squamous-cell carcinoma
Adenocarcinoma
Adeno-squamous carcinoma
Large cell carcinoma

Stage
1AL
1A2
IA3
1B
IIA

EGFR mutation
Without (EGFR-)

With (EGFR+)

Subtypes of EGFR mutation
EGFR exon 19 deletion (19del)
EGFR L858R
G719A/C/S
S768l|
Others (N468K, E7T09A, N771delinsGY, H870R, P772_H773dup, I740_K745dup, V774M, A767_V769dup, R451H, D761Y and amplification)
At least two EGFR mutation subtypes

ctDNA analysis
Negative
Positive

Postoperative therapy (Adjuvant therapy)
Targeted therapy
Chemotherapy




