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Purpose: This study aimed to evaluate the clinical utility of a pan-cancer circulating tumor DNA (ctDNA) next-generation 
sequencing (NGS) panel for predicting treatment response and progression-free survival (PFS) in patients with advanced solid tumors.
Patients and Methods: A total of 41 patients with advanced solid tumors, including gastric cancer (n=13), non-small cell lung 
cancer (n=10), head and neck cancer (n=9), esophageal cancer (n=7), breast cancer (n=1), and colon cancer (n=1), were prospectively 
enrolled and included in the analysis. ctDNA was analyzed at three time points: pretreatment (41 patients), post-treatment evaluation 
(37 patients), and follow-up (18 patients).
Results: Among 41 patients analyzed at pretreatment, 35 (85.4%) exhibited tier 1 or 2 somatic variants in ctDNA, with TP53 being the most 
frequently mutated gene. At the post-treatment evaluation, ctDNA was assessed in 37 patients (3 with rapid deterioration and 1 lost to 
follow-up were not evaluable). Newly emerging variants after treatment were strongly associated with poor clinical outcomes. Consistent 
with the Kaplan–Meier analysis, Cox proportional hazards regression confirmed that post-treatment ctDNA positivity was significantly 
associated with inferior PFS (HR 10.5, 95% CI 1.4–80.0, P=0.024). At follow-up, 18 patients were evaluable, while the others were not due 
to follow-up loss, rapid deterioration, or study termination. ctDNA positivity at post-treatment evaluation was significantly associated with 
shorter PFS (median PFS, 5.0 months [95% CI: 2.0–12.0] vs not reached; HR, 4.87; 95% CI: 1.69–14.09; P = 0.0035).
Conclusion: Longitudinal monitoring of ctDNA using a pan-cancer NGS panel provides meaningful prognostic information in patients 
with advanced cancers. Post-treatment ctDNA dynamics may better reflect disease progression than baseline ctDNA status alone, 
highlighting the need for further validation in larger cohorts, particularly in gastric, lung, head and neck, and esophageal cancers.

Plain Language Summary: Cancer cells can release small fragments of their DNA into the bloodstream, known as circulating tumor 
DNA (ctDNA). These fragments can be detected through a blood test, often called a “liquid biopsy.” By monitoring changes in ctDNA 
over time, doctors can better understand how a patient’s cancer is responding to treatment. In this study, we analyzed blood samples 
from 41 patients with advanced cancers, including stomach, lung, and esophageal cancers. Using a genetic test called next-generation 
sequencing (NGS), we examined cancer-related DNA changes at three time points: before treatment, after the first round of treatment, 
and during follow-up care. We then assessed how these changes related to the time patients lived without their cancer worsening, 
a measure known as progression-free survival (PFS). We found that over 85% of patients had significant cancer-related DNA changes 
before starting treatment. After treatment, many patients developed new mutations, which were associated with shorter PFS. In 
contrast, patients without new ctDNA changes after treatment generally had better outcomes. These results suggest that ctDNA 
monitoring after treatment may provide better information about a patient’s status than testing before treatment alone. Ongoing blood- 
based monitoring could help guide future treatment decisions. However, larger studies are needed to validate these findings. 
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Introduction
The accurate prediction of the prognosis of solid cancers remains a critical challenge in oncology. Traditional approaches 
relying solely on pathological staging often fail to capture the complexity of tumor biology and its dynamic response to 
treatment. Circulating tumor DNA (ctDNA), a minimally invasive biomarker, has emerged as a promising tool for the real- 
time monitoring of tumor dynamics and prognosis prediction. ctDNA derived from primary, metastatic, or circulating tumor 
cells can be analyzed through liquid biopsy, offering several advantages over traditional tissue biopsies. These include 
applicability to tumors in hard-to-reach locations, repeatability of longitudinal monitoring, and reduced patient burden.1

Circulating tumor DNA (ctDNA) is not only a prognostic biomarker but also provides clinically actionable informa
tion that can support treatment decisions, such as early identification of treatment resistance, detection of minimal 
residual disease, and timely switching of therapeutic strategies. By offering dynamic, real-time insights into tumor 
evolution, ctDNA complements conventional imaging and pathology, enabling more precise and personalized clinical 
decision-making.

Advancements in ctDNA analysis, particularly through next-generation sequencing (NGS), have enabled the detec
tion of a wide range of genetic alterations. Compared to polymerase chain reaction (PCR), NGS provides a broader and 
more detailed mutational landscape, making it particularly valuable for evaluating the prognosis of advanced cancers. 
However, despite these advancements, further data are required to validate the utility of ctDNA NGS in specific cancer 
types, such as head and neck, esophageal, and gastric cancer.2–4

This study evaluated the clinical utility of a pan-cancer ctDNA NGS panel in patients with advanced cancers, 
including head and neck, esophageal, gastric, and lung cancer. By analyzing ctDNA variants longitudinally, we aimed to 
assess their value in monitoring treatment response and predicting outcomes, thereby providing insights into the 
feasibility of integrating pan-cancer ctDNA NGS into routine oncology practice. Given the potential of ctDNA, this 
study focuses on its utility across various advanced cancers, including but not limited to head and neck, esophageal, and 
gastric cancers.Unlike previous studies that primarily investigated single tumor types or baseline ctDNA status, our study 
employed a pan-cancer NGS panel across multiple advanced cancers and implemented longitudinal monitoring at 
pretreatment, post-treatment, and follow-up. This design allowed us to demonstrate that ctDNA dynamics after treatment, 
rather than baseline ctDNA alone, provide stronger prognostic information for progression-free survival. By combining 
a pan-cancer scope with sequential sampling, this study offers novel insights into the clinical feasibility of ctDNA-based 
prognostic monitoring in real-world oncology practice.

Materials and Methods
Ethics Statement
This study was conducted in accordance with the principles of the Declaration of Helsinki. Written informed consent was 
obtained from all patients. This study was approved by the Institutional Review Board of the Catholic University of 
Korea School of Medicine (XC21TIDI0130).

Subjects and Study Design
We prospectively recruited patients diagnosed with advanced cancer between December 2021 and August 2022 in 
Incheon St. Mary’s Hospital. Eligible patients provided written informed consent and agreed to participate in this study. 
Patients with impaired decision-making capacity and those who opted for palliative care were excluded. The participants 
received appropriate treatment, including chemotherapy (CTx), radiotherapy (RTx), immunotherapy, or surgical resec
tion, as determined by their physicians. ctDNA NGS testing was performed up to three times: at pretreatment, six weeks 
post-treatment for response evaluation, and during follow-up - except in cases of progressive disease (PD), where follow- 
up testing was omitted. PD was defined according to RECIST version 1.1. The patient enrollment and analysis process is 
summarized in Figure 1.
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ctDNA Analysis
Peripheral blood was collected in cfDNA-preserving tubes (DxTube™, Dxome, Sungnam, Korea), and plasma was 
separated by sequential centrifugation. cfDNA was extracted using the Dxome circulating DNA Maxi Reagent, and 
germline DNA from PBMCs was obtained using the QIAamp DNA Mini Kit (QIAGEN). DNA quality and quantity were 
assessed with Qubit (Invitrogen) and TapeStation (Agilent).

Libraries were prepared from 5 - 30 ng of cfDNA or 200 ng of matched gDNA using the DxSeq ctDNA Pan100 Kit 
and DxLiquid Pan100 panel (Dxome), targeting 100 cancer-related genes. The targeted gene list of the DxLiquid Pan 100 
panel is provided in Supplementary Table 1. Paired-end sequencing (2 × 151 bp) was performed on an Illumina NovaSeq 
6000 platform, achieving mean depths of >30,000× for cfDNA and >1,000× for gDNA. The analytical sensitivity (limit 
of detection) was 0.25% variant allele frequency (VAF).

Sequencing reads were aligned to GRCh37 (hg19) with BWA, and variants were called using the PiSeq algorithm 
(Dxome), with cross-validation by ExomeDepth for CNVs and Delly for structural variants. Variants were annotated with 
DxSeq software. Quality control thresholds included cfDNA yield ≥5 ng/mL, minimum mean depths ≥30,000× for 
cfDNA and ≥1,000× for gDNA, and visual confirmation of all tier I/II or pathogenic variants using Integrative Genomics 
Viewer (IGV). The variants were classified as pathogenic, likely pathogenic, or of unknown significance based on the 
American College of Medical Genetics and Genomics/Association for Molecular Pathology (ACMG/AMP) guidelines 
[5], or categorized into tiers 1, 2, or 3 according to standards from the Association of Molecular Pathology (AMP), 
American Society of Clinical Oncology (ASCO), and College of American Pathologists (CAP) [6]. Germline and CHIP- 
related variants were excluded by comparing cfDNA findings with matched PBMC DNA; variants detected in both 
cfDNA and PBMC DNA were considered germline or CHIP-derived and were not included in ctDNA analysis.

Figure 1 Flow diagram of patient enrollment and analysis. A total of 41 patients with advanced solid tumors were prospectively enrolled and included in the initial analysis. 
At the post-treatment evaluation, 37 patients were evaluable (3 patients experienced rapid deterioration and 1 was lost to follow-up). At the follow-up assessment, 18 
patients remained evaluable, while the others were not due to follow-up loss, rapid deterioration, or study termination.
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Statistical Analysis
Given the exploratory design of this study, the sample size was not predetermined. We planned to study all eligible 
patients without follow-up loss. The primary endpoint was PFS according to ctDNA dynamics after appropriate 
treatment. The cutoff for statistical significance was set at P = 0.05. The primary outcome measure was PFS according 
to RECIST. Statistical analyses were performed using the MedCalc v.20.

Results
Patient Characteristics
A total of 41 patients with advanced solid tumors were prospectively enrolled and included in the initial analysis. At the 
post-treatment evaluation, 37 patients were evaluable (3 with rapid deterioration and 1 lost to follow-up). At the follow- 
up assessment, 18 patients remained evaluable, while the others were not due to follow-up loss, rapid deterioration, or 
study termination (Figure 1). The most common cancer types were advanced gastric cancer (AGC) and non-small cell 
lung cancer (NSCLC), followed by head and neck cancer (HNC), esophageal cancer (EC), breast cancer, and colorectal 
cancer (Table 1). Detailed information on systemic treatment distribution, including chemotherapy, radiotherapy, surgery, 
and targeted therapy, is provided in Supplementary Table 2.

Table 1 Characteristics of Enrolled 
Participants

Characteristics Values

Age

Median (range) 65 (45–81)

Sex

Male 28

Female 13

Tumor

Advanced gastric cancer 13

Non-small cell lung cancer 10

Head and neck cancer 9

Esophageal cancer 7

Breast cancer 1

Colon cancer 1

Concurrent Tumor

Thyroid papillary carcinoma 1

Pheochromocytoma 1

Relapsed case at enrollment 2

Past history of cancer 3

Metastasis at enrollment 19

Family history 0
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ctDNA Variant Detection Before Treatment
All 41 patients had pretreatment ctDNA results; among them, 35 patients (85.4%) had detectable tier 1 or 2 somatic 
variants, while 6 patients had no detectable variants. The gene with the highest number of variants was TP53, followed 
by PIK3CA, APC, ARID1A, and ERBB2. Of these, actionable tier 1 single-nucleotide variants (SNVs) were identified in 9 
patients. Germline pathogenic/likely pathogenic variants were observed in 6 patients. Gene-level CNVs were observed in 
7 patients, and chromosome-level CNVs were suspected in 7 patients. Among the patients with gene-level CNVs, three 
also showed results suggesting chromosome-level CNVs, and in the case of chromosome-level CNVs, six patients were 
suspected to have complex karyotypes. The results of observing tier 1 or 2 somatic SNV in patients are summarized in 
Supplementary Table 2. The gene with the highest variant frequency, regardless of the cancer type, was TP53. Excluding 
TP53, frequent variants were observed in APC and PIK3CA in AGC, PIK3CA and DNMT3A in EC, and PTEN and 
CHEK2 in HNC. KRAS, EGFR, and ARID1A variants were commonly detected in NSCLC (Figure 2A).

Post-Treatment Evaluation
In the post-treatment phase, ctDNA tests were performed in 37 patients. After the initial evaluation, 3 patients 
discontinued the study due to rapid deterioration and 1 patient was lost to follow-up. Among these 37 patients, 35 had 
detectable tier 1 or 2 somatic variants at pretreatment, whereas 6 had no detectable variants. In those with variants, the 
variant allele frequency (VAF) was generally low, with a maximum observed value (VAFmax) below 3%. Notably, three 
of the six initially variant-negative patients showed newly detected somatic variants during post-treatment evaluation or 
follow-up, all of whom exhibited progressive disease (PD) at the time of observation.

There were 18 patients with newly observed variants in the post-treatment evaluation. Of these, two were lost to 
follow-up before the follow-up examination, and 12 showed PD or died. There were 16 patients with no newly observed 
variants at the same time point, of which one died and the rest showed improvement.

Follow-Up ctDNA Testing
A total of 18 patients underwent follow-up examinations, while follow-up ctDNA testing could not be performed in the 
remaining 19 patients due to loss to follow-up (n = 5), termination of the study period before follow-up testing (n = 7), or 
rapid clinical deterioration (n = 7). Among the 18 patients who underwent follow-up, 9 experienced PD or death. Newly 
detected variants were observed in 8 of these patients (2 during the post-treatment evaluation and 6 during the follow-up 
phase), whereas 1 patient showed no newly detected variants at either time point.

Among the 9 patients who showed improvement during the follow-up phase, two had no newly detected variants in 
both the post-treatment evaluation and follow-up phases. Newly detected variants were observed in three patients during 
the post-treatment evaluation phase and in four patients during the follow-up phase.

When comparing VAFmax values at the follow-up stage, patients with PD or who had died exhibited a higher median 
VAFmax and interquartile range (IQR) compared to those who showed improvement (median: 7.9 vs 0.7; IQR: 
2.7500–17.6750 vs 0.3750–3.1250). This difference was statistically significant (P = 0.0272).

Among the newly detected tier 1 or 2 variants observed in both the post-treatment evaluation and follow-up phases, 
TP53 was the most frequently detected gene, followed by DNMT3A and SMAD4 (Figure 2B).

Clinical Correlation with ctDNA Findings
Forty-one patients with advanced cancer were analyzed for clinical changes based on ctDNA NGS results. The group 
included patients with gastric, lung, esophageal, head and neck, breast, and colorectal cancer. Before treatment, 85.4% of 
the patients had tier 1 or 2 somatic variants in ctDNA. CNVs were found at the gene level in seven patients, chromosome 
level in seven, and common denominator in three.

The positivity rate of the ctDNA NGS was 64.9% during the post-treatment evaluation phase and 94.4% during the 
follow-up phase. Among the 20 patients who showed clinical improvement during the post-treatment evaluation, 45% 
had tier 1 or 2 somatic variants. In contrast, 88.2% of the 17 patients without improvement tested positive for these 
variants, showing a significant difference (P=0.0068).
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Figure 2 Tier 1 and 2 variants detected before and after treatment. Oncoplot of tier 1 and 2 variants detected before treatment (A) and newly detected tier 1 and 2 
variants after treatment (B). Red box, variants newly detected at post-treatment evaluation; Blu box, variants newly detected at follow-up evaluation.
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Four initially negative patients who developed new variants experienced PD, and six out of 8 with newly detected 
variants at follow-up showed no clinical improvement. Among patients with tier 1 or 2 somatic variants identified in 
pretreatment testing, 51.4% (18/35) experienced disease progression. Similarly, 50.0% (3/6) of patients without detect
able somatic variants in pretreatment testing also showed disease progression. No statistically significant difference in 
prognosis was observed based on the presence or absence of initial variants (P = 0.9491).

Additionally, 60.0% (6/10) of patients with an initial VAFmax ≥20% experienced disease progression, which was 
higher than the 48.4% (15/31) observed in patients with a lower initial VAFmax. However, this difference was not 
statistically significant (P = 0.5280).

In the post-treatment evaluation, patients with somatic variant positivity (66.7%, 22/33) exhibited a shorter PFS than 
those with somatic variant negativity, with the difference being statistically significant (P=0.0035, Figure 3).

At the post-treatment evaluation, patients with ctDNA positivity (n=22) showed significantly shorter PFS compared to those 
with ctDNA negativity (n=11). The median PFS was 5.0 months (95% CI: 2.0–12.0) in the ctDNA-positive group, while the 
median PFS was not reached in the ctDNA-negative group. The hazard ratio for progression in the ctDNA-positive group was 
4.87 (95% CI: 1.69–14.09, P=0.0035). In Cox proportional hazards regression, post-treatment ctDNA positivity was also 
significantly associated with inferior PFS (HR 10.5, 95% CI 1.4–80.0, P=0.024), reinforcing the prognostic impact of residual 
ctDNA after treatment. In addition, longitudinal analysis of VAF was performed using pre-treatment, post-treatment, and follow- 
up samples. As summarized in Supplementary Table 2 and Supplementary Figure 1, patients who achieved ctDNA clearance 
after treatment exhibited substantially lower VAF levels during follow-up compared with those with residual ctDNA positivity. 
These findings suggest that post-treatment VAF dynamics may provide additional prognostic information beyond baseline 
measurements.

Among the ten patients with NSCLC, only one patient exhibited no genetic variants during the pretreatment phase. 
However, ctDNA variants coinciding with disease progression were detected during the follow-up testing. Except for 

Figure 3 Kaplan-Meier survival curves showing PFS stratified by ctDNA variant status. (A) PFS according to ctDNA variant presence at pretreatment, (B) PFS by VAFmax at 
pretreatment, (C) PFS according to ctDNA variant detection at post-treatment evaluation.
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Patient 38, no representative EGFR gene target variants were identified in NSCLC cases. Among the three patients 
without disease progression, ctDNA variants significantly decreased after treatment and did not reappear during 
subsequent evaluations.

Discussion
This study evaluated the clinical utility of a pan-cancer ctDNA NGS panel in patients with advanced solid tumors, with 
the aim of predicting post-treatment and PFS. Our findings support the prognostic value of ctDNA dynamics, particularly 
the emergence or persistence of somatic variants after treatment, in identifying patients at risk of disease progression.

Newly detected ctDNA variants during follow-up were strongly associated with poor clinical outcomes, emphasizing 
the role of post-treatment ctDNA monitoring in assessing clonal evolution. This finding reinforces the clinical utility of 
ctDNA as a real-time biomarker for guiding treatment decisions, even in patients initially negative for detectable variants.

Although the diversity of tumor types in this study presents a challenge, the use of a pan-cancer ctDNA panel reflects 
real-world clinical settings. The use of pan-cancer ctDNA panels offers a practical and efficient strategy for non-invasive 
tumor monitoring across multiple cancer types, as ctDNA has been shown to reflect dynamic tumor evolution, treatment 
response, and resistance across various malignancies.5 A unified panel allows efficient testing across various cancer types 
and may be more practical for laboratories without access to tumor-specific assays. Despite the heterogeneity and limited 
sample size, consistent trends across different tumor types suggest the panel’s potential generalizability. We have 
provided additional justification for the pan-cancer approach in the Discussion.

Additionally, our results challenge the common assumption that the absence of ctDNA variants in pretreatment testing 
predicts a better prognosis. In our cohort, patients with undetectable pretreatment variants had outcomes comparable to— 
or in some cases worse than—those with variant-positive ctDNA.3,4,6 This finding may be explained by biological or 
technical factors. Some tumors may shed ctDNA at very low levels or not at all, resulting in false-negative results. 
Alternatively, variant-negative status may reflect aggressive tumor biology that is not captured by the current panel. 
Indeed, the absence of detectable ctDNA does not necessarily indicate the absence of disease, particularly in early-stage 
or biologically indolent tumors, which are known to release little or no ctDNA into circulation.7 Our findings are 
consistent with previous studies demonstrating that dynamic changes in ctDNA levels closely correlate with tumor 
burden and treatment response. Notably, longitudinal ctDNA monitoring using patient-specific mutation tracking has 
been shown to outperform conventional biomarkers in predicting disease recurrence.8 These insights underscore the 
importance of enhancing assay sensitivity and incorporating complementary biomarkers for comprehensive risk 
stratification.

Accurate interpretation of ctDNA results requires the exclusion of germline and CHIP-associated variants, particu
larly in genes frequently affected by CHIP such as DNMT3A.9 To enhance analytical specificity, we performed parallel 
sequencing of PBMC-derived DNA for all patients. However, the impact of this approach on variant classification was 
not quantitatively assessed in this study. Future research should aim to systematically evaluate the contribution of parallel 
PBMC analysis and establish cost-effective protocols for CHIP and germline discrimination. Standardized frameworks 
for distinguishing germline variants and CHIP-related alterations from true tumor-derived mutations have been 
proposed,10 but clinical implementation remains challenging.

Consistent with previous reports,11,12 we observed that ctDNA variant positivity following treatment was significantly 
associated with worse PFS. However, we also found that dynamic changes—such as emergence of new variants or 
increasing VAF—were more predictive of prognosis than baseline ctDNA status alone. This underscores the value of 
longitudinal ctDNA testing as a tool for monitoring disease trajectory. The predictive value of longitudinal ctDNA 
dynamics was also demonstrated in a prospective study of resected colorectal cancer, where ctDNA positivity following 
treatment was strongly associated with relapse and preceded radiologic recurrence by a median of 8.7 months.13

In the NSCLC subgroup, although classic EGFR variants were mostly absent, dynamic changes in ctDNA correlated 
with clinical outcomes. Patients with good prognosis showed marked decreases in ctDNA burden post-treatment, 
whereas those with progression exhibited newly detected variants during follow-up. These findings support the role of 
ctDNA as a prognostic tool even in the absence of canonical driver variants.
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Beyond its prognostic significance, longitudinal ctDNA monitoring has potential clinical applications. For instance, 
detection of newly emerging variants after treatment could support tailoring surveillance intervals, enabling earlier 
intervention for patients at high risk of relapse. In addition, persistent ctDNA positivity may identify patients who could 
benefit from treatment intensification or alternative therapeutic strategies. Furthermore, ctDNA dynamics could help 
stratify patients for enrollment in clinical trials, particularly those evaluating novel targeted or immunotherapies. While 
these implications remain exploratory, our findings highlight the potential role of ctDNA in guiding individualized 
treatment approaches.

This study has some limitations. While we observed that the emergence of new ctDNA variants after treatment was 
strongly associated with poor clinical outcomes, these findings should be interpreted with caution. The relatively small 
sample size and inclusion of heterogeneous cancer types reduce the statistical power and limit meaningful subgroup 
analyses. In addition, variation in treatment regimens across patients may have introduced potential confounding effects. 
In this study, we primarily evaluated progression-free survival as the clinical endpoint, and overall survival (OS) could 
not be systematically analyzed due to the limited follow-up duration and small sample size. Nevertheless, given the well- 
established prognostic relevance of OS, future studies with larger cohorts and longer follow-up periods should investigate 
the association between ctDNA dynamics and OS to validate and extend our findings. In addition, the wide confidence 
intervals observed in the Cox regression analyses reflect the limited sample size, which reduces the precision of hazard 
ratio estimates. Larger studies are needed to obtain more reliable effect size estimates and validate these findings. 
Therefore, validation in larger, tumor-specific cohorts will be required to confirm the robustness and generalizability of 
our results. Nevertheless, our findings provide valuable preliminary evidence supporting the clinical relevance of pan- 
cancer ctDNA monitoring in advanced solid tumors.

Conclusion
Our findings suggest that a pan-cancer ctDNA NGS panel has potential clinical implications for post-treatment 
monitoring and prognosis in advanced solid tumors. Longitudinal assessment of ctDNA variants, particularly the 
emergence or persistence of tier 1 and 2 variants after treatment, may help inform personalized management strategies. 
However, these observations remain preliminary, and validation in larger, tumor-specific cohorts with longer follow-up is 
required before clinical implementation can be fully realized.
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The data that support the findings of this study are available from the corresponding authors upon reasonable request. 
Due to licensing restrictions, the data are not publicly available. However, de-identified data may be shared by the 
corresponding authors (J.H.B. and M.K.) on reasonable request for academic purposes.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising, or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Disclosure
Seung Jung Han and Youjin Jung are employees of Dxome Co., Ltd., which developed the ctDNA NGS panel utilized in 
this study. All other authors declare that they have no conflicts of interest related to this work.

References
1. Sawada K, Kotani D, Bando H. The clinical landscape of circulating tumor DNA in gastrointestinal malignancies. Front Oncol. 2018;8:263. 

doi:10.3389/fonc.2018.00263
2. Mencel J, Slater S, Cartwright E, Starling N. The role of ctDNA in gastric cancer. Cancers. 2022;14(20):5105. doi:10.3390/cancers14205105

OncoTargets and Therapy 2025:18                                                                                                 https://doi.org/10.2147/OTT.S537253                                                                                                                                                                                                                                                                                                                                                                                                   1187

Lee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fonc.2018.00263
https://doi.org/10.3390/cancers14205105


3. Economopoulou P, Spathis A, Kotsantis I, et al. Next-generation sequencing (NGS) profiling of matched tumor and circulating tumor DNA 
(ctDNA) in head and neck squamous cell carcinoma (HNSCC). Oral Oncol. 2023;139:106358. doi:10.1016/j.oraloncology.2023.106358

4. Ueda M, Iguchi T, Masuda T, et al. Somatic mutations in plasma cell-free DNA are diagnostic markers for esophageal squamous cell carcinoma 
recurrence. Oncotarget. 2016;7(38):62280–62291. doi:10.18632/oncotarget.11409

5. Heitzer E, Haque IS, Roberts CES, Speicher MR. Current and future perspectives of liquid biopsies in genomics-driven oncology. Nat Rev Genet. 
2019;20(2):71–88. doi:10.1038/s41576-018-0071-5

6. Min L, Chen J, Yu M, Yang K, Liu D. Utilizing circulating tumour DNA as a prognostic predictor of gastric cancer: a meta-analysis. Biomarkers. 
2023;28(5):427–436. doi:10.1080/1354750x.2023.2201664

7. Alix-Panabières C, Pantel K. Clinical applications of circulating tumor cells and circulating tumor DNA as liquid biopsy. Cancer Discov. 2016;6 
(5):479–491. doi:10.1158/2159-8290.Cd-15-1483

8. Diehl F, Schmidt K, Choti MA, et al. Circulating mutant DNA to assess tumor dynamics. Nat Med. 2008;14(9):985–990. doi:10.1038/nm.1789
9. Koukourakis IM, Xanthopoulou E, Koukourakis MI. Using liquid biopsy to predict relapse after radiotherapy in squamous cell head-neck and 

esophageal cancer. Cancer Diagn Progn. 2023;3(4):403–410. doi:10.21873/cdp.10232
10. Merker JD, Oxnard GR, Compton C, et al. Circulating tumor DNA analysis in patients with cancer: American Society of Clinical Oncology and 

College of American Pathologists Joint Review. J Clin Oncol. 2018;36(16):1631–1641. doi:10.1200/jco.2017.76.8671
11. Maron SB, Chase LM, Lomnicki S, et al. Circulating tumor DNA sequencing analysis of gastroesophageal adenocarcinoma. Clin Cancer Res. 

2019;25(23):7098–7112. doi:10.1158/1078-0432.Ccr-19-1704
12. Janke F, Stritzke F, Dvornikovich K, et al. Early circulating tumor DNA changes predict outcomes in head and neck cancer patients under 

re-radiotherapy. Int J Cancer. 2025;156(4):853–864. doi:10.1002/ijc.35152
13. Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal 

cancer. JAMA Oncol. 2019;5(8):1124–1131. doi:10.1001/jamaoncol.2019.0528

OncoTargets and Therapy                                                                                                          

Publish your work in this journal 
OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of 
management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy 2025:18 1188

Lee et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.oraloncology.2023.106358
https://doi.org/10.18632/oncotarget.11409
https://doi.org/10.1038/s41576-018-0071-5
https://doi.org/10.1080/1354750x.2023.2201664
https://doi.org/10.1158/2159-8290.Cd-15-1483
https://doi.org/10.1038/nm.1789
https://doi.org/10.21873/cdp.10232
https://doi.org/10.1200/jco.2017.76.8671
https://doi.org/10.1158/1078-0432.Ccr-19-1704
https://doi.org/10.1002/ijc.35152
https://doi.org/10.1001/jamaoncol.2019.0528
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Ethics Statement
	Subjects and Study Design
	ctDNA Analysis
	Statistical Analysis

	Results
	Patient Characteristics
	ctDNA Variant Detection Before Treatment
	Post-Treatment Evaluation
	Follow-Up ctDNA Testing
	Clinical Correlation with ctDNA Findings

	Discussion
	Conclusion
	Data Sharing Statement
	Author Contributions
	Disclosure

