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Abstract
Lung cancer is one of the malignant tumors with the highest mortality rate
worldwide, and its primary challenge is post-treatment recurrence. Minimal
Residual Disease (MRD), as the“bridgehead”for solid tumor recurrence, is de-
scribed as the persistent presence of free circulating tumor cells or other tumor
cell derivatives in patients’biological fluids after treatment of the primary tumor,
in the absence of any clinical symptoms of cancer. Recently, China has also es-
tablished the first “Consensus on Detection and Clinical Application of Lung
Cancer MRD,”aiming to evaluate MRD status through liquid biopsy monitor-
ing, thereby improving postoperative individualized treatment for lung cancer
patients. This article reviews the progress of several promising liquid specimens
(peripheral blood, urine, saliva, sputum, pleural effusion) in lung cancer MRD
detection and explores their application value in guiding precision therapy for
lung cancer MRD.
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Abstract Lung cancer is one of the world’s deadliest malignancies, with treat-
ment recurrence representing its primary challenge. Minimal Residual Disease
(MRD), described as a “bridgehead”for solid tumor recurrence, refers to the
presence of free circulating tumor cells or other tumor cell derivatives in a pa-
tient’s biological fluids following primary tumor treatment, in the absence of
any clinical cancer symptoms. Recently, China reached its first “Consensus on
Detection and Clinical Application of Lung Cancer MRD,”aiming to evaluate
MRD status through liquid biopsy monitoring to improve postoperative individ-
ualized treatment for lung cancer patients. This review summarizes progress in
detecting lung cancer MRD using several promising fluid specimens (peripheral
blood, urine, saliva, sputum, and pleural effusion) and discusses their applica-
tion value in guiding precision therapy for lung cancer MRD.
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1 Introduction
After decades of exploration, the management of lung cancer patients has un-
dergone profound transformation. It has become increasingly clear that disease
monitoring is fundamental to treatment success. Nevertheless, the percentage
of patients who die from postoperative recurrence remains high in current clin-
ical practice (45% of Stage IB patients recur within two years, rising to 76%
for Stage IIIA patients) [1]. Consequently, Minimal Residual Disease (MRD)—
the “culprit”behind tumor recurrence—has garnered increasing clinical atten-
tion. MRD refers to cancer-derived molecular abnormalities detectable through
liquid biopsy after treatment, which cannot be identified by conventional imag-
ing or laboratory methods, representing persistent disease and potential clini-
cal progression [2]. In the TRACERx study, liquid biopsy analysis confirmed
that over 99% of non-small cell lung cancer patients without recurrence were
MRD-negative, while MRD was detectable in patients who later recurred before
standard imaging could identify disease. Liquid biopsy has emerged as a novel
method for MRD detection, analyzing circulating tumor cells (CTCs), circulat-
ing tumor DNA (ctDNA), exosomes, and other solid tumor-derived biomarkers
from blood and other bodily fluids. Unlike tissue biopsy, this non-invasive ap-
proach can be performed repeatedly and continuously to identify tumor driver
mutations, track tumor evolution, and monitor disease recurrence, with greater
convenience and dynamic feedback on disease progression. Reports indicate that
liquid biopsy can help patients avoid approximately 5% of major complications
associated with CT-guided lung tissue biopsy [3]. Moreover, liquid biopsy can
fully reflect tumor heterogeneity, providing more opportunities for postoperative
individualized targeted therapy and improved prognosis.
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2 Advantages and Challenges of Liquid Biopsy for Lung
Cancer MRD
Traditional examinations (including tissue biopsy, imaging, and biochemical
markers) have long played crucial roles in monitoring lung cancer development
and treatment, serving as the gold standard for pathological diagnosis, staging,
and treatment decisions for malignant tumors including primary lung cancer
before liquid biopsy entered clinical practice. However, traditional detection
methods are limited by procedural and temporal constraints that hinder effec-
tive MRD monitoring. Liquid biopsy offers several advantages. First, as a
non-invasive alternative to tissue biopsy, patient body fluids can be easily and
repeatedly sampled, enabling continuous monitoring of tumor characteristics
during treatment (“real-time biopsy”) while overcoming sampling limitations
related to tumor heterogeneity. A study by Rothwell et al. [4] demonstrated
that next-generation sequencing (NGS) of cfDNA from 39 advanced solid tumor
patients revealed 30% more mutations in plasma samples than in correspond-
ing tumor tissue DNA. Second, liquid biopsy offers temporal superiority over
conventional detection and higher specificity. The TracerX study found that
postoperative ctDNA predicted 36-month recurrence with 48% sensitivity and
100% specificity [5], with a median lead time of 167 days between ctDNA de-
tection and radiographic recurrence, compared to only 61 days between CEA
elevation and radiographic recurrence [6]. Interestingly, one report described a
Stage IIb non-small cell lung cancer patient who received radiotherapy with a
residual mass visible on imaging. Despite undetectable ctDNA post-treatment,
continuous ctDNA monitoring deemed the patient disease-free at 22 months; in
retrospect, the mass represented radiation-induced inflammatory changes, rais-
ing concerns about high false-positive rates and radiation risks associated with
imaging-based screening [6].

However, several challenges must be addressed for liquid biopsy to achieve
broader clinical utility. Clonal hematopoiesis (CH) represents a significant is-
sue—hematopoietic stem cells may acquire mutations during the random pro-
cess of hematopoiesis with age, detectable through cfDNA in non-small cell
lung cancer patients without known driver mutations. Most JAK2 mutations
and some TP53 mutations may result from clonal hematopoiesis, potentially
leading to misinterpretation of CH-related mutations as indicators of postop-
erative MRD. Various approaches are being adopted to distinguish CH-related
mutations from true tumor DNA-derived mutations. The most direct method
involves deep sequencing of nucleated white blood cells (CAPP-Seq) to identify
clonal hematopoiesis mutations for exclusion from samples [7]. While technically
feasible and operationally simple, this approach doubles costs. Other challenges
include small fragment size, short half-life, and substantial decreases in tumor
DNA proportion as treatment efficacy becomes apparent. Given high detection
costs and lack of analytical consensus, liquid biopsy cannot yet completely re-
place traditional detection but serves as a valuable adjunct. Future research
must integrate both approaches to monitor and evaluate MRD status, thereby
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improving postoperative individualized treatment for lung cancer patients. pro-
vides a comparison of different fluid biopsies.

3 Body Fluid Specimen Biopsy
3.1 Peripheral Blood

As solid tumors progress, metastasize, and recur, large numbers of tumor cells
and their derivatives enter peripheral circulation, making blood a reliable spec-
imen for accurately identifying MRD and guiding subsequent treatment deci-
sions before radiological and serological findings emerge. Blood collection is less
invasive than tissue biopsy, facilitating easy acquisition and near-real-time can-
cer monitoring. Primary biopsy targets in peripheral blood include circulating
tumor cells, circulating tumor DNA, and exosomes, with comparative character-
istics shown in . Extensive clinical validation studies and established analytical
protocols have made blood-based biopsy the most commonly used method. In
contrast, tumor cells and their derivatives in certain specific bodily fluids can-
not reflect cancer metastasis as comprehensively as systemic blood circulation,
remaining in the research and exploration phase for clinical application. Ad-
ditionally, other bodily fluids have more complex microbial environments than
blood, where microorganisms and their metabolites can unpredictably affect de-
tection results. Current blood biopsy technologies can be broadly classified by
genomic coverage, ranging from targeted allele-specific polymerase chain reac-
tion (PCR) to next-generation sequencing (NGS) technologies such as hybrid
capture NGS, whole exome sequencing, and whole genome sequencing. Common
challenges across all detection methods include low ctDNA content in plasma,
abundant background cfDNA from normal (non-tumor) cells, and uncertain ori-
gins of discovered genetic variants. However, technological advances enabling
personalized gene sequencing to track more mutations are improving sensitivity
for detecting low-volume MRD.

3.1.1 Circulating Tumor Cells (CTCs) CTCs are malignant cells that
detach from primary tumors or metastatic lesions and undergo epithelial-
mesenchymal transition to enter peripheral blood circulation [8]. Tumor
recurrence requires numerous pathophysiological cascades, with CTCs po-
tentially playing a crucial role in the metastatic phase of cancer expansion,
growth, and spread. CTCs are extremely rare in blood vessels, with only
approximately 1–10 CTCs present in 1 mL of whole blood [9]. Literature
review indicates that CTCs can be found in nearly all lung cancer patients
[10]. In early-stage lung cancer, thyroid transcription factor-1 (TTF-1) positive
CTCs can be detected from peripheral blood and correlate with poor prognosis
and shorter progression-free intervals [11]. For lung cancer patients with
confirmed distant metastasis or recurrence, higher CTC counts predict worse
prognosis, and Lindsay et al. [12] reported that CTCs serve as independent
prognostic indicators for progression-free survival (PFS) and overall survival
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(OS) in advanced non-small cell lung cancer. Therefore, CTCs can serve as
a dynamic monitoring tool to observe changes in tumor kinetics before and
after treatment. In one study of 26 early-stage lung cancer patients, CTC
detection was performed preoperatively and on postoperative days 0, 1, and 3.
Recurrent patients showed lower CTC count decline slopes, while non-recurrent
patients exhibited steeper declines. For extrapulmonary malignancies with
lung metastasis, CTCs decreased after tumor resection but rebounded to
higher levels by postoperative day 3, even when imaging showed complete
lesion removal. These findings demonstrate that CTCs can serve as an MRD
detection tool and predict recurrence months after curative surgery.

3.1.2 Circulating Tumor DNA (ctDNA) ctDNA is defined as short DNA
sequences shed by tumor cells into systemic circulation, derived from degraded
CTCs or active secretion by tumor cells, representing a small fraction of cir-
culating cell-free DNA (cfDNA). Despite comprising less than 1% of cfDNA,
sequencing technology advances have enabled detection of mutations and chro-
mosomal alterations relevant to tumor biology [13], with ctDNA’s half-life of
approximately 2 hours being shorter than other tumor markers [14]. During
lung cancer progression, lung tumor tissues may acquire a series of somatic mu-
tations. Certain mutations, such as EGFR T790M, confer drug resistance and
affect overall survival. In 2016, the U.S. Food and Drug Administration (FDA)
approved the cobas EGFR Mutation Test v2 [15] as the first liquid biopsy test
for MRD detection in lung cancer. Due to ctDNA’s potential to detect occult
cancer and dynamically track tumor-specific mutations, sequential plasma sam-
ple analysis for tumor gene mutations has been used for clinical decision-making
in advanced non-small cell lung cancer patients [16]. Furthermore, postoperative
ctDNA positively correlates with later recurrence rates. In a study of 230 post-
operative lung cancer cases [17], ctDNA quantified by the highest mutant allele
fraction (MAF) in plasma samples relative to healthy controls identified signifi-
cant differences in postoperative recurrence-free survival (RFS) between ctDNA-
positive and ctDNA-negative patients. Postoperative ctDNA status was found
to influence RFS more than any single clinicopathological risk factor or com-
bination of factors, with higher sensitivity and specificity than other detection
methods. Current limitations of ctDNA detection include clonal hematopoiesis
and genomic differences from tissue biopsy, though advances in next-generation
sequencing (NGS) and digital PCR (dPCR) are progressively improving ctDNA
detection sensitivity.

3.1.3 Exosomes Johnstone et al. [18] first discovered and named exosomes
while studying reticulocyte maturation. Exosomes are spherical vesicles mea-
suring 40–100 nm in diameter with a density of 1.13–1.19 g/mL. Their primary
nucleic acid contents include microRNA (miRNA), tRNA, long non-coding RNA
(lncRNA), and numerous fragmented mRNAs. Exosome isolation methods pri-
marily involve techniques based on physical properties (size, density, molecular
weight), precipitation, microfluidics, and immunoaffinity capture, with ultracen-
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trifugation and commercial kit extraction being the most widely used conven-
tional methods [15]. Although all cell types release exosomes, they are particu-
larly abundant in tumor cells. Research demonstrates that tumor cell-derived
exosomes play important roles in tumor biology, promoting angiogenesis, inva-
sion, and proliferation in recipient cells by transferring their contents to target
cells in the lung cancer microenvironment, thereby participating in lung cancer
formation and progression [20]. Cancer cell exosomes contain various cancer-
related proteins; for example, epidermal growth factor receptor (EGFR) is the
primary membrane-bound protein in lung cancer exosomes, with approximately
80% of exosomes extracted from lung cancer being EGFR-positive [21]. Tumor-
derived exosomal miRNAs may also serve as independent predictors of survival
in non-small cell lung cancer patients [22]. Rabinowits et al. [23] evaluated
the diagnostic and prognostic potential of circulating tumor exosome levels in
plasma samples from 27 lung adenocarcinoma patients and 9 healthy controls,
finding that both exosome levels (mean 2.85 mg/mL) and exosomal miRNA
concentrations (158.6 ng/mL) were higher in the adenocarcinoma group than
in healthy controls (mean 0.77 mg/mL and 68.1 ng/mL, respectively).

3.2 Saliva

Saliva is produced by acinar cells in salivary glands, which are highly permeable
and surrounded by abundant capillaries, allowing free exchange of molecules
between blood and adjacent salivary cells [24]. Currently, approximately 40%
of blood tumor markers can also be found in saliva [25], and saliva collection
is rapid, simple, inexpensive, and non-invasive, making it an ideal liquid biopsy
specimen. Gu et al. [26] first combined plasma CTCs and salivary mRNA
biomarkers for non-invasive detection of non-small cell lung cancer, achieving
92.1% sensitivity and 92.9% specificity in distinguishing early-stage lung can-
cer patients from healthy controls. No significant quantitative or concentration
differences in salivary cfDNA were observed between non-small cell lung cancer
patients and healthy populations [27]; however, the concordance rate for EGFR
mutations between plasma cfDNA and salivary cfDNA was 83.78%, suggesting
that salivary cfDNA can serve as a supplementary source for gene mutation
analysis [28]. EGFR is a membrane receptor frequently expressed in NSCLC
that influences cell proliferation, angiogenesis, MRD recurrence, chemoresis-
tance, and metastasis [29]. Frequent biopsy monitoring of EGFR mutations
in postoperative lung cancer patients is impractical, making salivary biopsy a
promising diagnostic supplement for lung cancer MRD. The University of Cali-
fornia, Los Angeles (UCLA) School of Dentistry developed a technology called
electric field-induced release and measurement (EFIRM) to detect EGFR muta-
tions in lung cancer patient body fluids. Li et al. [30] detected circulating tumor
DNA (sctDNA) EGFR mutations in saliva samples from 13 non-small cell lung
cancer patients using this technology with 100% sensitivity. Other tumor bio-
chemical indicators significantly correlate with lung cancer patient survival [31],
such as imidazole compound (IC) concentration and salivary lactate dehydro-
genase (LDH) activity. The combination of these two parameters proves more
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effective for evaluating lung cancer prognosis and survival rates, with patients
having favorable prognoses (IC < 0.311 mmol/L and LDH > 1133 U/L) showing
2-fold higher 1-, 3-, and 5-year survival rates than those with poor prognoses.
C-reactive protein (CRP) concentrations may also increase with tumor size and
regional metastasis.

3.3 Urine

Plasma ctDNA and CTC content is relatively low in MRD after treatment, re-
quiring relatively large blood volumes for continuous disease monitoring, which
remains uncomfortable for patients despite being minimally invasive. Studies
show that cell-free DNA from peripheral blood can cross the renal barrier and be
excreted in urine [32]. Chen et al. [33] analyzed matched 3 mL peripheral blood
and 8 mL urine samples from 150 non-small cell lung cancer patients, finding
no statistical difference in the quantity of free DNA (fDNA) obtained. Urine
is easier to store and transport, facilitating large-volume sample collection and
providing additional options to supplement traditional tumor sampling meth-
ods. MRD positivity indicates detectable tumor-derived DNA in blood after
cancer treatment; similarly, DNA levels detected in urine can indicate tumor
burden correlation. Previous reports demonstrated clinical applicability of uri-
nary DNA for tracking tumor-specific mutations and personalizing treatment
for drug resistance in advanced non-small cell lung cancer patients. Li et al. [34]
found that detectable urinary DNA after treatment significantly correlated with
disease recurrence in lung cancer patients. Results showed that patients with
undetectable urinary DNA had better disease-free survival, while those with de-
tectable DNA had recurrence probabilities of 15.6%, 6.6%, and 5.1% at 3, 6, and
9 months, respectively. This indicates that urinary ctDNA has good clinical util-
ity for identifying patients with low disease recurrence risk, particularly those
with undetectable mutant DNA. Lee et al. [35] noted that persistent EGFR mu-
tation positivity in NSCLC patients after treatment suggests possible residual
disease requiring further therapy or enhanced recurrence monitoring, with the
T790M mutation particularly associated with shortened time to disease progres-
sion and reduced overall survival. Chen et al. [33] stratified 150 non-small cell
lung cancer patients and found that the urinary DNA T790M-positive group
had significantly worse overall survival outcomes (median survival 30 months)
compared to the T790M-negative group (median survival 34 months), further
validating the clinical utility of urinary DNA for post-treatment risk stratifica-
tion and disease monitoring.

3.4 Sputum

The National Cancer Institute (NCI) [36] conducted dual screening with low-
dose spiral computed tomography and sputum cytology for lung cancer, find-
ing that 18 of 90 patients (20%) diagnosed through dual screening had cancer-
positive sputum specimens but negative imaging, demonstrating sputum’s tem-
poral superiority over imaging for diagnosing clinically quiescent or occult can-
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cers. However, most lung cancer patients produce limited sputum samples con-
taining few tumor cells, and the viscous mucus component makes tumor-derived
DNA extraction more difficult—one reason why sputum is relatively underuti-
lized in liquid biopsy. Wang et al. [37] developed a methanol-free mucolytic
solution (MS2) to improve isolation of tumor-derived cfDNA from sputum,
demonstrating significantly higher sensitivity for EGFR mutation detection in
post-treatment patient sputum specimens using MS2 compared to traditional
methanol-containing mucolytic solution (MS1) in the same cohort. In a study of
102 lung adenocarcinoma patients using qRT-PCR for sputum cfDNA detection,
30 patients (29.4%) were EGFR mutation-positive, with overall sensitivity and
specificity of 46.2% and 100%, respectively. Mao et al. [38] detected K-ras and
p53 mutations in sputum samples from 8 of 10 patients before clinical diagnosis
of lung cancer, which is significant for improving tumor genotyping, targeted
precision therapy, and developing perioperative individualized treatment. Mul-
tiple studies have demonstrated that overexpression of miRNAs, mir-21, and
mir-155 are negative factors for postoperative recurrence, prognosis, and overall
survival. Sputum contains bronchial epithelial cells from the lungs and lower
respiratory tract, where miRNAs are resistant to RNase activity, exist in a re-
markably stable form, and remain detectable in sputum samples stored for up
to 7 days [39]. Roa et al. [40] found that miRNA panels from sputum samples
could detect NSCLC with significant sensitivity and specificity. Adenocarcino-
mas from smaller airways are difficult to detect through bronchoscopy or sputum
cytology; miRNA expression in sputum will provide a highly accurate specific
marker for lung cancer MRD monitoring, enabling early diagnosis and treatment
on a non-invasive basis.

3.5 Pleural Effusion

Malignant pleural effusion (MPE) is a common complication in intermediate
and advanced-stage lung cancer, resulting from tumor-blocked lymphatic glands
causing fluid exudation and accumulation in the pleural cavity, significantly
correlating with tumor recurrence and metastasis. MPE is easily collected com-
pared to other invasive techniques like tissue biopsy. Moreover, mutation rates
are much higher in lung cancer-related MPE than in surgical resection specimens
[41], and pleural effusion biopsy biomarkers may originate from multiple tumor
clones, simultaneously reflecting tumor and disseminated lesion heterogeneity.
Abundant MPE provides a rich opportunity for assessing tumor genomics [42].
Molecular analysis of pleural effusion represents a minimally invasive method for
detecting tumor driver gene mutations, particularly for clinical decision-making
when tumor tissue is unavailable. It may serve as an alternative source of use-
ful information for gene mutation status such as EGFR. If EGFR mutation
detection can be achieved through more readily available pleural effusion sam-
ples, it would become a superior specimen for exploring MRD’s role in both
driver gene-positive and driver gene-negative patients, investigating resistance
mechanisms, and identifying resistance before radiographic detection, making
targeted drug therapy possible for advanced non-small cell lung cancer patients
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with important clinical and practical value.

3.5.1 Pleural Effusion Supernatant (MPEs) Cell-free DNA (cfDNA)
from malignant pleural effusion supernatant in advanced non-small cell lung
cancer patients shows significantly higher tumor gene mutation abundance
than effusion tumor cells and plasma cfDNA samples, proving superior for
detecting therapeutic targets and tumor mutation burden (TMB) [43]. In
advanced lung cancer MRD, driver gene EGFR mutation detection guides
targeted therapy, while TMB values can evaluate immunotherapy efficacy.
Wang et al. [44] compared EGFR mutation status in tumor tissue, plasma, and
MPEs, correlating results with EGFR-TKI therapy. The study demonstrated
high concordance in EGFR mutation sensitivity and specificity between tumor
tissue and MPEs, while plasma showed the lowest EGFR mutation rate.
EGFR mutations in MPEs could predict efficacy of first-generation EGFR-TKI
treatment, with EGFR-mutant patients receiving TKI therapy showing longer
median overall survival than wild-type EGFR patients. Objective response
rate (ORR) and disease control rate (DCR) were 56% and 94%, respectively,
in MPEs EGFR-mutant patients receiving first- or second-line EGFR-TKI
therapy, consistent with tissue-based detection results. Therefore, when both
samples are available, cfDNA extracted from MPEs may be a better biomarker
than plasma for predicting tumor response to TKIs. Additionally, Yang et
al. [45] observed significantly longer median PFS in MPEs EGFR-mutant
patients compared to wild-type EGFR patients (7.33 vs. 2.07 months). Song et
al. [46] investigated the feasibility of gene detection using exosomal DNA from
lung adenocarcinoma patient MPEs, finding that 78% of mutations identified
in MPEs exosomal DNA matched those found in MPEs ctDNA, supporting its
reliability for genetic testing. Multi-channel determination of original tumor
mutation status and monitoring mutation changes is crucial for lung cancer
treatment.

4 Summary and Outlook
Biomarkers derived from liquid samples are urgently needed clinically for mon-
itoring MRD, predicting tumor response, and exploring therapeutic resistance.
Liquid biopsy, as an alternative method for analyzing variations, provides not
only a non-invasive approach for early detection of lung cancer changes but also
complements tissue biopsy results, enabling more cancer patients to receive pre-
cise treatment. However, many questions regarding MRD itself remain to be
resolved. Future research will need to determine how best to integrate tumor
tissue biopsy, clinical examination, and medical imaging with liquid biopsy ge-
nomics and MRD information. Ultimately, in this era of individualized precision
medicine, applying diversified liquid biopsy specimen analysis to clinical oncol-
ogy will become a novel pathway for guiding clinical decisions and improving
patient outcomes.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113


Author Contributions: YAN Xing proposed the research direction, con-
ducted literature collection and organization, and wrote the initial draft;
LIU ShanMei participated in literature collection and organization and was
responsible for manuscript revision, contributing equally with YAN Xing; LIU
ChangHong was responsible for quality control and final review of the article,
taking overall responsibility; all authors approved the final manuscript.

Conflict of Interest: The authors declare no conflicts of interest.

[References]

1. Kris MG, Gaspar LE, Chaft JE, et al. Adjuvant Systemic Therapy and
Adjuvant Radiation Therapy for Stage I to IIIA Completely Resected
Non-Small-Cell Lung Cancers: American Society of Clinical Oncol-
ogy/Cancer Care Ontario Clinical Practice Guideline Update[J]. J Clin
Oncol. 2017;35(25):2960-2974. doi:10.1200/JCO.2017.72.4401.

2. Chen K, Zhao H, Shi Y, et al. Perioperative Dynamic Changes in Circulat-
ing Tumor DNA in Patients with Lung Cancer (DYNAMIC)[J]. Clin Can-
cer Res. 2019;25(23):7058-7067. doi:10.1158/1078-0432.CCR-19-1213.

3. Rolfo C, Mack PC, Scagliotti GV, et al. Liquid Biopsy for Advanced Non-
Small Cell Lung Cancer (NSCLC): A Statement Paper from the IASLC[J].
J Thorac Oncol. 2018;13(9):1248-1268. doi:10.1016/j.jtho.2018.05.030.

4. Rothwell DG, Ayub M, Cook N, et al. Utility of ctDNA to support patient
selection for early phase clinical trials: the TARGET study[J]. Nat Med.
2019;25(5):738-743. doi:10.1038/s41591-019-0380-z.

5. Liang W, Zhao Y, Huang W, Liang H, Zeng H, He J. Liquid biopsy
for early stage lung cancer. J Thorac Dis. 2018;10(Suppl 7):S876-S881.
doi:10.21037/jtd.2018.04.26.

6. Newman AM, Bratman SV, To J, et al. An ultrasensitive method for
quantitating circulating tumor DNA with broad patient coverage[J]. Nat
Med. 2014;20(5):548-554. doi:10.1038/nm.3519.

7. Chan HT, Nagayama S, Chin YM, et al. Clinical significance of clonal
hematopoiesis in the interpretation of blood liquid biopsy[J]. Oncotarget.
2020;14(8):1719-1730. doi:10.1002/1878-0261.12727.

8. Jie XX, Zhang XY, Xu CJ. Epithelial-to-mesenchymal transi-
tion, circulating tumor cells and cancer metastasis: Mechanisms
and clinical applications[J]. Oncotarget. 2017;8(46):81558-81571.
doi:10.18632/oncotarget.18277.

9. Wu CY, Lee CL, Wu CF, et al. Circulating Tumor Cells as a Tool of
Minimal Residual Disease Can Predict Lung Cancer Recurrence: A
longitudinal, Prospective Trial[J]. Diagnostics (Basel). 2020;10(3):144.
doi:10.3390/diagnostics10030144.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113


10. Poggiana C, Rossi E, Zamarchi R. Possible role of circulating tumor cells
in early detection of lung cancer. J Thorac Dis. 2020;12(7):3821-3835.
doi:10.21037/jtd.2020.02.24.

11. O’Flaherty JD, Gray S, Richard D, et al. Circulating tumour cells, their
role in metastasis and their clinical utility in lung cancer[J]. Lung Cancer.
2012;76(1):19-25. doi:10.1016/j.lungcan.2011.10.018.

12. Lindsay CR, Blackhall FH, Carmel A, et al. EPAC-lung: pooled analysis
of circulating tumour cells in advanced non-small cell lung cancer[J]. Eur
J Cancer. 2019;117:60-68. doi:10.1016/j.ejca.2019.04.019.

13. Chen K, Zhao H, Shi Y, et al. Perioperative Dynamic Changes in Circulat-
ing Tumor DNA in Patients with Lung Cancer (DYNAMIC)[J]. Clin Can-
cer Res. 2019;25(23):7058-7067. doi:10.1158/1078-0432.CCR-19-1213.

14. Tie J, Wang Y, Tomasetti C, et al. Circulating tumor DNA analysis
detects minimal residual disease and predicts recurrence in patients
with stage II colon cancer[J]. Sci Transl Med. 2016;8(346):346ra92.
doi:10.1126/scitranslmed.aaf6219.

15. Torres S, González Á, Cunquero Tomas AJ, et al. A profile on cobas®
EGFR Mutation Test v2 as companion diagnostic for first-line treatment
of patients with non-small cell lung cancer[J]. Expert Rev Mol Diagn.
2020;20(6):575-582. doi:10.1080/14737159.2020.1724094.

16. Zugazagoitia J, Gómez-Rueda A, Jantus-Lewintre E, et al. Clin-
ical utility of plasma-based digital next-generation sequencing
in oncogene-driven non-small-cell lung cancer patients with tyro-
sine kinase inhibitor resistance[J]. Lung Cancer. 2019;134:72-78.
doi:10.1016/j.lungcan.2019.05.032.

17. Tie J, Wang Y, Tomasetti C, et al. Circulating tumor DNA analysis
detects minimal residual disease and predicts recurrence in patients
with stage II colon cancer[J]. Sci Transl Med. 2016;8(346):346ra92.
doi:10.1126/scitranslmed.aaf6219.

18. Johnstone RM, Adam M, Hammond JR, Orr L, Turbide C. Vesicle
formation during reticulocyte maturation. Association of plasma
membrane activities with released vesicles (exosomes)[J]. J Biol Chem.
1987;262(19):9412-9420.

19. Bi H, Ren D, Zhang J, Wang H. Advances in Exosomes in the Pathogen-
esis and Diagnosis of Lung Cancer[J]. Chinese Journal of Lung Cancer.
2020;23(7):589-596. doi:10.3779/j.issn.1009-3419.2020.104.18.

20. Mahgoub EO, Razmara E, Bitaraf A, et al. Advances of exosome iso-
lation techniques in lung cancer[J]. Mol Biol Rep. 2020;47(9):7229-7251.
doi:10.1007/s11033-020-05715-w.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113


21. Huang SH, Li Y, Zhang J, Rong J, Ye S. Epidermal growth factor receptor-
containing exosomes induce tumor-specific regulatory T cells[J]. Cancer
Invest. 2013;31(5):330-335. doi:10.3109/07357907.2013.789905.

22. Hu Z, Chen X, Zhao Y, et al. Serum microRNA signatures identified
in a genome-wide serum microRNA expression profiling predict survival
of non-small-cell lung cancer[J]. J Clin Oncol. 2010;28(10):1721-1726.
doi:10.1200/JCO.2009.24.9342.

23. Rabinowits G, Gerçel-Taylor C, Day JM, et al. Exosomal microRNA: a
diagnostic marker for lung cancer. Clin Lung Cancer[J]. 2009;10(1):42-46.
doi:10.3816/CLC.2009.n.006.

24. Yoshizawa JM, Schafer CA, Schafer JJ, et al. Salivary biomark-
ers: toward future clinical and diagnostic utilities[J]. Clin Microbiol
Rev. 2013;26(4):781-791. doi:10.1128/CMR.00021-13.

25. Loo JA, Yan W, Ramachandran P, et al. Comparative human sali-
vary and plasma proteomes[J]. J Dent Res. 2010;89(10):1016-1023.
doi:10.1177/0022034510380414.

26. Gu X, He J, Ji G. Combined use of circulating tumor cells and sali-
vary mRNA to detect non-small-cell lung cancer[J]. Medicine (Baltimore).
2020;99(8):e19097. doi:10.1097/MD.0000000000019097.

27. Skallevold HE, Vallenari EM, Sapkota D. Salivary Biomarkers in Lung
Cancer[J]. Mediators Inflamm. 2021;2021:6019791. doi:10.1155/2021/6019791.

28. Macías M, Alegre E, Alkorta-Aranburu G, et al. The Dynamic Use of
EGFR Mutation Analysis in Cell-Free DNA as a Follow-Up Biomarker
during Different Treatment Lines in Non-Small-Cell Lung Cancer[J]. Dis
Markers. 2019;2019:7954921. doi:10.1155/2019/7954921.

29. da Cunha Santos G, Shepherd FA, Tsao MS. EGFR mutations and lung
cancer[J]. Annu Rev Pathol. 2011;6:49-69. doi:10.1146/annurev-pathol-
011110-130206.

30. Li F, Wei F, Huang WL, et al. Ultra-Short Circulating Tumor
DNA (usctDNA) in Plasma and Saliva of Non-Small Cell Lung
Cancer (NSCLC) Patients[J]. Cancers (Basel). 2020;12(8):2041.
doi:10.3390/cancers12082041.

31. Su YH, Wang M, Brenner DE, et al. Human urine contains small, 150 to
250 nucleotide-sized, soluble DNA derived from the circulation and may be
useful in the detection of colorectal cancer[J]. J Mol Diagn. 2004;6(2):101-
107. doi:10.1016/S1525-1578(10)60497-7.

32. Bel’skaya LV, Sarf EA, Kosenok VK. Survival Rates of Patients
with Non-Small Cell Lung Cancer Depending on Lymph Node Metas-
tasis: A Focus on Saliva. Diagnostics (Basel)[J]. 2021;11(5):912.
doi:10.3390/diagnostics11050912.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113


33. Chen S, Zhao J, Cui L, Liu Y. Urinary circulating DNA detec-
tion for dynamic tracking of EGFR mutations for NSCLC patients
treated with EGFR-TKIs[J]. Clin Transl Oncol. 2017;19(3):332-340.
doi:10.1007/s12094-016-1534-9.

34. Li F, Huang J, Ji D, et al. Utility of urinary circulating tumor DNA
for EGFR mutation detection in different stages of non-small cell
lung cancer patients[J]. Clin Transl Oncol. 2017;19(10):1283-1291.
doi:10.1007/s12094-017-1669-3.

35. Lee Y, Lee GK, Lee YS, et al. Clinical outcome according to the level of
preexisting epidermal growth factor receptor T790M mutation in patients
with lung cancer harboring sensitive epidermal growth factor receptor mu-
tations[J]. Cancer. 2014;120(14):2090-2098. doi:10.1002/cncr.28711.

36. Fontana RS, Sanderson DR, Taylor WF, et al. Early lung cancer detec-
tion: results of the initial (prevalence) radiologic and cytologic screening
in the Mayo Clinic study[J]. Am Rev Respir Dis. 1984;130(4):561-565.
doi:10.1164/arrd.1984.130.4.561.

37. Wang Z, Zhang L, Li L, et al. Sputum Cell-Free DNA: Valued Sur-
rogate Sample for Detection of EGFR Mutation in Patients with
Advanced Lung Adenocarcinoma[J]. J Mol Diagn. 2020;22(7):934-942.
doi:10.1016/j.jmoldx.2020.04.208.

38. Mao L, Hruban RH, Boyle JO, et al. Detection of oncogene mutations in
sputum precedes diagnosis of lung cancer[J]. Cancer Res. 1994;54(7):1634-
1637.

39. Xie Y, Todd NW, Liu Z, et al. Altered miRNA expression in sputum for
diagnosis of non-small cell lung cancer[J]. Lung Cancer. 2010;67(2):170-
176. doi:10.1016/j.lungcan.2009.04.004.

40. Kennedy TC, Hirsch FR. Using molecular markers in sputum for the early
detection of lung cancer: a review[J]. Lung Cancer. 2004;45 Suppl 2:S21-
S27. doi:10.1016/j.lungcan.2004.07.996.

41. Wu SG, Gow CH, Yu CJ, et al. Frequent epidermal growth factor receptor
gene mutations in malignant pleural effusion of lung adenocarcinoma[J].
Eur Respir J. 2008;32(4):924-930. doi:10.1183/09031936.00167407.

42. Porcel JM. Malignant pleural effusions because of lung cancer[J]. Curr
Opin PulmMed. 2016;22(4):356-361. doi:10.1097/MCP.0000000000000264.

43. Sorolla MA, Sorolla A, Parisi E, Salud A, Porcel JM. Diving into the
Pleural Fluid: Liquid Biopsy for Metastatic Malignant Pleural Effusions[J].
Cancers (Basel). 2021;13(11):2798. doi:10.3390/cancers13112798.

44. Wang S, Chen H, Zhong J, et al. Comparative study of EGFR mutations
detected in malignant pleural effusion, plasma and tumor tissue in pa-
tients with adenocarcinoma of the lung[J]. Lung Cancer. 2019;135:116-122.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113


doi:10.1016/j.lungcan.2019.05.018.

45. Yang J, Lee OJ, Son SM, et al. EGFR Mutation Status in Lung
Adenocarcinoma-Associated Malignant Pleural Effusion and Efficacy of
EGFR Tyrosine Kinase Inhibitors[J]. Cancer Res Treat. 2018;50(3):908-
916. doi:10.4143/crt.2017.378.

46. Song J, Kim YS, Kim JH, et al. Clinical significance of EGFR mutation
status in malignant pleural effusion fluid and exosomal DNA from pa-
tients with lung adenocarcinoma[J]. Oncotarget. 2018;9(47):28576-28585.
doi:10.18632/oncotarget.25609.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202209.00113 Machine Translation

https://chinarxiv.org/items/chinaxiv-202209.00113

	Application of Different Body Fluid Specimen Biopsies in Minimal Residual Disease Monitoring in Lung Cancer: A Postprint
	Abstract
	Full Text
	Preamble
	1 Introduction
	2 Advantages and Challenges of Liquid Biopsy for Lung Cancer MRD
	3 Body Fluid Specimen Biopsy
	3.1 Peripheral Blood
	3.2 Saliva
	3.3 Urine
	3.4 Sputum
	3.5 Pleural Effusion

	4 Summary and Outlook


