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Clinical Question Box 16 

Does postoperative or post-adjuvant chemotherapy ctDNA positivity predict recurrence and 17 

survival in patients with resected colon cancer? 18 

Postoperative ctDNA positivity is associated with more than a fivefold increased risk of recurrence 19 

and an approximately fourfold increased risk of mortality. Persistent ctDNA detection after 20 

adjuvant chemotherapy identifies an even higher-risk subgroup, with roughly an elevenfold 21 

increased risk of relapse, suggesting ongoing minimal residual disease. These findings support 22 

ctDNA positivity as a robust biomarker for postoperative risk stratification and provide potential 23 

treatment guidance. 24 

  25 
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Abstract 26 

Background: Circulating tumor DNA (ctDNA) is a promising biomarker for detecting minimal 27 

residual disease in colon cancer. We performed a systematic review and meta-analysis to assess 28 

the prognostic value of postoperative and post-adjuvant chemotherapy (ACT) ctDNA positivity in 29 

resected colon cancer. 30 

Methods: We systematically searched PubMed, Embase, Web of Science, and the Cochrane 31 

Library for studies evaluating ctDNA after curative-intent surgery and/or ACT. Hazard ratios (HRs) 32 

for recurrence-free survival (RFS), disease-free survival (DFS), and overall survival (OS) were 33 

pooled using random-effects models. 34 

Results: Twenty-three studies comprising 10,217 patients were included. Postoperative ctDNA 35 

positivity was significantly associated with worse RFS (HR: 5.46, 95% CI: 3.79–7.85, p < 0.01, I² 36 

= 88%). In stage III disease, the pooled HR was 4.52 (95% CI: 2.90–7.05), while in stage II disease, 37 

the pooled HR was 6.67 (95% CI: 0.94–46.01). Post-ACT ctDNA positivity was associated with a 38 

marked increase in risk of recurrence (HR: 11.21, 95% CI: 6.92–18.15, p < 0.01, I² = 58%). Among 39 

stage III patients, the pooled HR was 10.83 (95% CI: 5.38–21.82), with sensitivity analysis 40 

yielding a stable estimate (HR: 6.84, 95% CI: 4.58–10.21, I² = 8%). Postoperative ctDNA 41 

positivity was also associated with inferior OS (HR: 3.99, 95% CI: 2.43–6.55, p < 0.01, I² = 90%) 42 

and worse DFS (HR: 4.92, 95% CI: 2.60–9.32, p < 0.01, I² = 83.5%).  43 

Conclusions: Postoperative and post-ACT ctDNA positivity are strong predictors of recurrence 44 

and mortality in resected colon cancer. ctDNA represents a robust biomarker of minimal residual 45 

disease that can inform risk-adapted treatment strategies. Prospective randomized trials are needed 46 

to determine whether ctDNA-guided management improves survival outcomes. 47 



 

 4 

Keywords: Colon cancer; circulating tumor DNA; minimal residual disease; recurrence-free 48 

survival; disease-free survival; overall survival 49 

  50 



 

 5 

Introduction 51 

Colon cancer remains one of the most common malignancies worldwide and a leading 52 

cause of cancer-related mortality.1 In 2022, approximately 1.9–2.2 million new cases of colorectal 53 

cancer were reported globally, with nearly 900,000 deaths attributed to the disease, making it one 54 

of the most impactful cancers in terms of both incidence and mortality.2 Surgical resection is the 55 

primary curative treatment for localized colon cancer. However, despite complete macroscopic 56 

tumor removal, approximately 20–40% of patients with stage II–III disease experience recurrence, 57 

largely due to undetected minimal residual disease (MRD) present at the time of surgery.3 Current 58 

postoperative risk stratification relies largely on clinicopathologic features such as tumor stage, 59 

lymph node involvement, lymphovascular invasion, perineural invasion, and tumor 60 

differentiation.4 Although these factors provide population-level prognostic information, they lack 61 

precision to accurately predict recurrence risk at the individual patient level, leading to 62 

overtreatment in some and undertreatment in others. 63 

Circulating tumor DNA (ctDNA), a tumor-derived fraction of cell-free DNA released into 64 

the bloodstream through apoptosis, necrosis, and active secretion, has emerged as a promising 65 

biomarker for MRD detection.5 Advances in highly sensitive molecular techniques, including 66 

digital PCR and next-generation sequencing–based assays, now allow for the detection of low-67 

frequency tumor-specific mutations in plasma following curative-intent surgery.6 In the 68 

postoperative setting, detectable ctDNA is hypothesized to reflect persistent microscopic disease, 69 

whereas undetectable ctDNA may indicate effective surgical clearance. Over the past decade, 70 

multiple prospective and retrospective studies in resected colon cancer have investigated the 71 

prognostic significance of postoperative ctDNA detection.7,8 Accumulating evidence suggests that 72 
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patients with detectable ctDNA after surgery have a substantially higher risk of recurrence 73 

compared to ctDNA-negative patients, with hazard ratios often markedly elevated.  74 

Despite these promising findings, considerable heterogeneity exists among studies with 75 

regard to assay platforms, timing of blood collection, thresholds for ctDNA positivity, adjuvant 76 

treatment strategies, and reported clinical endpoints—including recurrence-free survival (RFS), 77 

disease-free survival (DFS), and overall survival (OS)—across different stages of colon cancer. 78 

Moreover, ctDNA detection rates and their prognostic implications differ by stage, potentially 79 

influencing risk stratification and adjuvant treatment decision-making. Therefore, this meta-80 

analysis systematically synthesized current evidence on the stage-specific prognostic and 81 

predictive value of postoperative ctDNA detection following curative-intent surgery in colon 82 

cancer patients.  83 
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Methods 84 

Study Design 85 

This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic 86 

Reviews and Meta-Analyses (PRISMA) guidelines.9 The study protocol was prospectively 87 

registered with the University Hospital Medical Information Network (UMIN; registration ID: 88 

UMIN000060788) to ensure methodological transparency and minimize reporting bias.10 Because 89 

this study was based exclusively on published data, institutional review board approval was waived. 90 

Literature Search Strategy  91 

A systematic literature search was conducted in PubMed, Embase, Web of Science, and the 92 

Cochrane Library, covering records from database inception through January 31, 2026. The search 93 

strategy incorporated both controlled vocabulary and free-text keywords, including “colon cancer,” 94 

“circulating tumor DNA,” “ctDNA,” “minimal residual disease,” “surgery,” and “recurrence.” The 95 

detailed search strategies for each database, along with the corresponding numbers of retrieved 96 

records, are presented in Figure S1. In addition, the reference lists of relevant reviews and eligible 97 

articles were manually screened to identify any further potentially eligible studies. 98 

Eligibility Criteria 99 

Eligibility criteria were as follows: Studies were included if they met all of the following 100 

conditions: (1) patients with colon cancer who underwent curative-intent surgery; (2) postoperative 101 

ctDNA tested using plasma samples only; and (3) observational (prospective or retrospective 102 

cohort) or randomized controlled trial design. Studies were excluded if: (1) they reported updated 103 

results of published cohorts without providing independent data; (2) outcome data were not 104 
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extractable or were insufficient to estimate effect sizes; or (3) the primary focus was cost-105 

effectiveness rather than prognostic outcomes. 106 

Data Extraction and Outcome Measures 107 

Data extraction was independently performed by two investigators (E.W. and M.S.)using 108 

a standardized data collection form. The extracted information included study characteristics (first 109 

author, publication year, country, and study design), sample size, patient demographics, tumor 110 

stage, timing and methodology of ctDNA assessment, proportion of ctDNA-positive patients, 111 

details of adjuvant treatment, follow-up duration, and reported survival outcomes. Discrepancies 112 

between reviewers were resolved through discussion; if consensus could not be reached, a third 113 

reviewer (D.N.)was consulted for adjudication. Hazard ratios (HRs) with corresponding 95% 114 

confidence intervals (CIs) for RFS, DFS, and OS were preferentially extracted from multivariable 115 

analyses when available. When HRs were not directly reported, they were estimated from the 116 

available survival data whenever feasible. Additionally, postoperative ctDNA status following 117 

adjuvant chemotherapy (ACT) was assessed when such data were available. 118 

Quality Assessment 119 

The methodological quality of included observational studies was assessed using the 120 

Newcastle–Ottawa Scale (NOS), which evaluates the domains of selection, comparability, and 121 

outcome.11 Studies with higher NOS scores were considered to have a lower risk of bias. For 122 

randomized controlled trials, risk of bias was assessed using the Cochrane Risk of Bias 2 (RoB 2) 123 

tool.12 124 

Statistical Analysis 125 
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All statistical analyses were conducted using Review Manager (RevMan 5.4). Pooled HRs 126 

with corresponding 95% CIs were calculated to evaluate the association between postoperative 127 

ctDNA positivity and survival outcomes. Statistical heterogeneity was assessed using the Chi-128 

square (Q) test and quantified with the I² statistic. A random-effects model was applied when 129 

significant heterogeneity was detected (I² > 50%); otherwise, a fixed-effects model was used. 130 

Sensitivity analyses were performed to evaluate the stability of pooled estimates. A two-sided p-131 

value < 0.05 was considered statistically significant. 132 

  133 
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Results  134 

Study Selection and Characteristics 135 

The study selection process is summarized in Figure S1. A total of 901 records were 136 

identified through database searches. After the removal of 79 duplicates, 822 records remained for 137 

title and abstract screening, of which 752 were excluded. The full texts of the remaining articles 138 

were then assessed for eligibility, and 47 studies were further excluded. Ultimately, 23 studies met 139 

the inclusion criteria and were included in the final analysis. The baseline characteristics of the 140 

included studies are summarized in Table 1.13-35 A total of 10,217 patients with resected colon 141 

cancer were included, from studies published between 2016 and 2026. Of these, twelve studies 142 

focused on stage III disease, while two studies each specifically investigated stage II and stage IV 143 

disease, respectively. The remaining studies included mixed populations comprising stage I–III or 144 

stage II–III patients. Sample sizes ranged from 24 to 2,260 patients. The median or mean age 145 

ranged from 56 to 72 years, and the proportion of male patients varied between 49% and 69%. The 146 

proportion of postoperative ctDNA-positive patients showed substantial variability, ranging from 147 

6.1% to 64.2%, reflecting differences in stage distribution, timing of sampling, and assay platforms. 148 

The timing of postoperative ctDNA assessment varied widely, ranging from 3–7 days to 3–12 149 

weeks after surgery, with some studies not reporting the exact timing. Follow-up duration ranged 150 

from 16.7 months to over 6 years. Most studies used next-generation sequencing–based (NGS-151 

based) platforms, including Safe-SeqS, Signatera, and mPCR-NGS. 152 

Post-Surgical ctDNA Status and RFS 153 

Seventeen studies assessed the association between postoperative ctDNA status and RFS (Figure 154 

1). The pooled analysis showed a significantly increased risk of recurrence in ctDNA-positive 155 
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patients (HR: 5.46, 95% CI: 3.79–7.85, p < 0.01), with substantial heterogeneity (I² = 88%). Two 156 

studies focusing on stage II disease reported a pooled HR of 6.67 (95% CI: 0.94–46.01, p = 0.05, 157 

I² = 92%). Ten studies focusing on stage III reported a pooled HR of 4.52 (95% CI: 2.90–7.05, p 158 

< 0.01, I² = 90%). Four studies including stage I–III patients demonstrated a pooled HR of 7.48 159 

(95% CI: 3.55–15.76, p < 0.001, I² = 83%). Due to substantial heterogeneity, a sensitivity analysis 160 

was conducted in stage III patients. The pooled result remained statistically significant, with an 161 

HR of 4.86 (95% CI: 4.26–5.54, p < 0.001), and heterogeneity was eliminated (I² = 0%) (Figure 162 

S2). 163 

Post-ACT ctDNA Status and RFS 164 

Nine studies evaluated post-ACT ctDNA status and its association with RFS in stage I–III patients 165 

(Figure 2). The pooled analysis demonstrated a significantly increased risk of recurrence in 166 

ctDNA-positive patients (HR: 11.21, 95% CI: 6.92–18.15, p < 0.01, I² = 58%). The pooled HR of 167 

six studies focusing on stage III disease was 10.83 (95% CI: 5.38–21.82, p < 0.01, I² = 72%). Three 168 

studies conducted on stage I–III patients reported a pooled HR of 13.04 (95% CI: 7.36–23.10, p < 169 

0.001, I² = 0%). Due to substantial heterogeneity in the stage III subgroup, a sensitivity analysis 170 

was performed. The association remained statistically significant (HR: 6.84, 95% CI: 4.58–10.21, 171 

p < 0.001), and heterogeneity was markedly reduced (I² = 8%) (Figure S3). 172 

Post-Surgical ctDNA Status and OS 173 

Nine studies evaluated post-ACT ctDNA status and its association with OS in stage II–IV 174 

patients (Figure 3). The pooled analysis demonstrated a significantly increased risk of mortality in 175 

ctDNA-positive patients (HR: 3.99, 95% CI: 2.43–6.55, p < 0.01), with substantial heterogeneity 176 

(I² = 90%). Two studies focusing on stage IV disease yielded a pooled HR of 15.19 (95% CI: 3.41–177 
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67.72, p < 0.01, I² = 0%), while two studies conducted on stage II–III patients reported a pooled 178 

HR of 6.33 (95% CI: 2.26–17.75, p < 0.001, I² = 71%). Due to substantial heterogeneity in the 179 

stage III subgroup, a sensitivity analysis was performed. The association remained statistically 180 

significant (HR: 5.91, 95% CI: 4.72–7.40, p < 0.001), and heterogeneity was eliminated (I² = 0%) 181 

(Figure S4). 182 

Post-Surgical ctDNA Status and DFS 183 

Seven studies evaluated post-ACT ctDNA status and its association with DFS in stage I–IV 184 

patients (Figure 4). The pooled analysis demonstrated a significantly increased risk of recurrence 185 

in ctDNA-positive patients (HR: 4.92, 95% CI: 2.60–9.32, p < 0.01, I² = 83.5%). Due to substantial 186 

heterogeneity, a sensitivity analysis was performed. The association remained statistically 187 

significant (HR: 6.12, 95% CI: 4.78–7.82, p < 0.001), and heterogeneity was markedly reduced (I² 188 

= 8%) (Figure S5). 189 

Subgroup analysis 190 

Subgroup analysis 191 

Subgroup analysis was performed to explore potential sources of heterogeneity according to assay 192 

methodology among studies including only stage III disease (Figure S6). For RFS, two PCR-based 193 

studies were included, showing a pooled HR of 5.97 (95% CI: 4.50–7.92; I² = 0%). In comparison, 194 

NGS-based studies showed a pooled HR of 4.59 (95% CI: 3.97–5.32; I² = 0%). The overall pooled 195 

HR was 4.86 (95% CI: 4.25–5.54; I² = 0%). Although heterogeneity within each subgroup was 196 

absent, moderate heterogeneity was observed between subgroups (I² = 61.6%). Subgroup analysis 197 

according to postoperative ctDNA testing timing was not feasible because six studies did not report 198 

sampling time, while the remaining seven studies used different postoperative time points. 199 
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Risk of Bias Assessment 200 

Funnel plots for RFS, DFS, and OS showed no significant asymmetry, suggesting a low 201 

likelihood of substantial publication bias (Figure S7 to S10). Methodological quality was assessed 202 

using the Newcastle–Ottawa Scale (Table S2). Overall, the included observational studies were of 203 

high quality, with adequate cohort selection, comparability, and outcome assessment. The overall 204 

risk of bias was considered acceptable for inclusion in the quantitative synthesis. 205 

  206 
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Discussion 207 

In this comprehensive meta-analysis of patients with resected colon cancer, ctDNA 208 

positivity after curative-intent surgery and ACT was strongly and consistently associated with 209 

inferior survival outcomes. Postoperative ctDNA positivity was significantly associated with 210 

worse RFS, DFS, and OS. Similarly, persistent ctDNA positivity following ACT was associated 211 

with a marked increase in risk of recurrence. Collectively, these findings support ctDNA as a robust 212 

biomarker of MRD in colon cancer.36,37 Despite complete macroscopic tumor resection, a 213 

substantial proportion of patients with stage II–III colon cancer experience recurrence, likely 214 

reflecting undetected residual disease. Traditional clinicopathologic risk factors offer limited 215 

individualized risk discrimination, leading to potential overtreatment of low-risk patients and 216 

undertreatment of high-risk individuals.38 Our pooled analysis demonstrated more than a fivefold 217 

increased risk of recurrence among postoperative ctDNA-positive patients, underscoring the 218 

strong prognostic stratification afforded by molecular detection of residual disease. 219 

ctDNA is released into the circulation through apoptosis, necrosis, and active tumor cell 220 

shedding. Following complete tumor resection, circulating ctDNA levels are expected to decline 221 

rapidly; therefore, persistent detection likely reflects residual viable tumor clones with 222 

proliferative potential and risk of clinical relapse.39 In this setting, ctDNA provides a real-time 223 

molecular measure of tumor presence that complements pathologic staging and radiologic 224 

surveillance.40 Although ctDNA detection rates varied across studies, likely due to differences in 225 

stage distribution, sampling timing, and assay platforms, most employed NGS-based methods, 226 

including tumor-informed approaches such as Signatera and Safe-SeqS, as well as multiplex PCR–227 

NGS assays. Despite methodological heterogeneity, the prognostic effect was consistent, 228 

supporting ctDNA as a biologically valid marker of MRD rather than a platform-specific artifact. 229 
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Postoperative ctDNA positivity was consistently associated with adverse outcomes across 230 

disease stages. The association with recurrence remained significant in both stage II and stage III 231 

disease. In stage III, the pooled HR remained robust after sensitivity analyses addressing 232 

heterogeneity, supporting the stability of the finding. Although the stage II subgroup included 233 

fewer studies and showed wider CIs, the magnitude of the effect was similarly elevated, indicating 234 

that ctDNA positivity is a biologically significant marker of persistent tumor presence irrespective 235 

of stage. Moreover, postoperative ctDNA positivity was associated with a nearly fourfold increased 236 

risk of mortality, with particularly pronounced effects observed in stage IV disease. 237 

In contrast, the prognostic impact of post-ACT ctDNA positivity was even more marked. 238 

Across nine studies, detectable ctDNA after chemotherapy was associated with an approximately 239 

elevenfold increased risk of recurrence. This strong association indicates that post-ACT ctDNA 240 

positivity is a robust marker of poor prognosis.41 However, interpretation of this finding requires 241 

caution because adjuvant chemotherapy duration and intensity varied across studies, and reporting 242 

of treatment completion, adherence, and the timing of ctDNA assessment was inconsistent. These 243 

limitations precluded stratified analyses and limited our ability to distinguish prognostic 244 

significance from potential predictive implications. 245 

Several limitations merit consideration. Substantial heterogeneity was observed in multiple 246 

pooled analyses, likely due to differences in stage distribution, assay methodologies, and timing 247 

of blood collection. Although sensitivity analyses reduced heterogeneity in key subgroups, residual 248 

variability remained. Moreover, most included studies were observational, introducing potential 249 

confounding despite multivariable adjustment. Variation in postoperative sampling time points 250 

may also have influenced detection rates due to perioperative ctDNA release. Additionally, the 251 

absence of individual patient-level data precluded more granular analyses based on molecular 252 
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subtypes (e.g., RAS or BRAF status) or specific treatment regimens. Finally, although ctDNA 253 

positivity demonstrates strong prognostic value, optimal management of ctDNA-positive patients 254 

remains undefined. Ongoing prospective randomized trials are needed to determine if early 255 

therapeutic intervention based solely on molecular detection can improve long-term survival. 256 

  257 



 

 17 

Conclusion 258 

This meta-analysis demonstrates that ctDNA positivity following curative-intent surgery 259 

and adjuvant chemotherapy is strongly associated with inferior survival outcomes in resected colon 260 

cancer. Postoperative and post-ACT ctDNA detection identifies patients at markedly increased risk 261 

of recurrence and mortality, supporting ctDNA as a robust biomarker of minimal residual disease. 262 

Despite methodological heterogeneity, the consistency of findings highlights the clinical relevance 263 

of ctDNA-guided risk stratification. Prospective randomized trials are needed to determine 264 

whether ctDNA-directed treatment strategies can improve survival while avoiding overtreatment. 265 

  266 



 

 18 

Acknowledgments: None 267 

Funding statement: None 268 

Ethics approval statement: Ethical approval was waived for this study because it was based on 269 

secondary analysis of data from previously published studies and did not involve direct patient 270 

participation or new data collection. 271 

Patient consent statement: Patient consent was waived because no identifiable patient 272 

information was collected or analyzed in this study. 273 

Conflict of Interest: The authors declare that they have no competing interests. 274 

Data Sharing Statement: The raw data underlying this study are available from the corresponding 275 

author upon reasonable request via email at wangen.cn@gmail.com 276 

Generative AI Declaration: During the preparation of this manuscript, the authors used ChatGPT 277 

to assist with proofreading. All content was subsequently reviewed and edited by the authors, who 278 

assume full responsibility for the accuracy and integrity of the published work. 279 

Authors’ contributions: E.W., M.S., and D.N. contributed to the study design and drafting of the 280 

manuscript. Y.F, and T.T. worked on data interpretation and manuscript revision. All authors have 281 

read and approved the final manuscript and agree with its content and data. 282 

  283 

mailto:wangen.cn@gmail.com


 

 19 

Reference 284 

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA: A Cancer Journal 285 
for Clinicians. 2023/01/01 2023;73(1):17-48. doi:https://doi.org/10.3322/caac.21763 286 
2. Wu S, Zhang Y, Lin Z, Wei M. Global burden of colorectal cancer in 2022 and projections 287 
to 2050: incidence and mortality estimates from GLOBOCAN. BMC Cancer. Nov 14 288 
2025;25(1):1770. doi:10.1186/s12885-025-15138-0 289 
3. Jácome AA, Johnson B. Minimal Residual Disease in Colorectal Cancer: Are We Finding 290 
the Needle in a Haystack? Cells. Apr 1 2023;12(7)doi:10.3390/cells12071068 291 
4. Luo D, Yang Y, Shan Z, et al. Clinicopathological Features of Stage I-III Colorectal Cancer 292 
Recurrence Over 5 Years After Radical Surgery Without Receiving Neoadjuvant Therapy: 293 
Evidence From a Large Sample Study. Front Surg. 2021;8:666400. 294 
doi:10.3389/fsurg.2021.666400 295 
5. Ma D, Gao X, Wang L, Yin H, Feng L, Zhu Y. Circulating tumor DNA for MRD detection 296 
in colorectal cancer: recent advances and clinical implications. Biomark Res. Jun 23 2025;13(1):89. 297 
doi:10.1186/s40364-025-00796-w 298 
6. Kalil JA, Krzywon L, Petrillo SK, et al. Feasibility of ctDNA in detecting minimal residual 299 
disease and predicting recurrence for colorectal cancer liver metastases. Front Oncol. 300 
2024;14:1418696. doi:10.3389/fonc.2024.1418696 301 
7. Tie J, Cohen JD, Lahouel K, et al. Circulating Tumor DNA Analysis Guiding Adjuvant 302 
Therapy in Stage II Colon Cancer. N Engl J Med. Jun 16 2022;386(24):2261-2272. 303 
doi:10.1056/NEJMoa2200075 304 
8. Aliyeva T, Siddiqui H, Natche J, Al-Wraikat YA, Hossain FM, El-Amri I. Prognostic Value 305 
of Circulating Tumor DNA for Recurrence Risk in Stage III Colorectal Cancer: A Systematic 306 
Review and Meta-Analysis. Clin Colorectal Cancer. Oct 27 2025;doi:10.1016/j.clcc.2025.10.004 307 
9. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 308 
guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71 309 
10. University Hospital Medical Information Network. Prognostic Significance of 310 
Postoperative and Post-Adjuvant Circulating Tumor DNA in Resected Colon Cancer: A Systematic 311 
Review and Meta-Analysis. Published 2026,  Accessed March 15 2026. 312 
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000069484 313 
11. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality 314 
of nonrandomized studies in meta-analyses. Eur J Epidemiol. Sep 2010;25(9):603-5. 315 
doi:10.1007/s10654-010-9491-z 316 
12. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in 317 
randomised trials. BMJ. 2019;366:l4898. doi:10.1136/bmj.l4898 318 
13. Tie J, Wang Y, Tomasetti C, et al. Circulating tumor DNA analysis detects minimal residual 319 
disease and predicts recurrence in patients with stage II colon cancer. Sci Transl Med. Jul 6 320 
2016;8(346):346ra92. doi:10.1126/scitranslmed.aaf6219 321 
14. Tie J, Wang Y, Lo SN, et al. Circulating tumor DNA analysis guiding adjuvant therapy in 322 
stage II colon cancer: 5-year outcomes of the randomized DYNAMIC trial. Nat Med. May 323 
2025;31(5):1509-1518. doi:10.1038/s41591-025-03579-w 324 
15. Chen G, Peng J, Xiao Q, et al. Postoperative circulating tumor DNA as markers of 325 
recurrence risk in stages II to III colorectal cancer. J Hematol Oncol. May 17 2021;14(1):80. 326 
doi:10.1186/s13045-021-01089-z 327 

https://doi.org/10.3322/caac.21763
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000069484


 

 20 

16. Nakamura Y, Watanabe J, Akazawa N, et al. ctDNA-based molecular residual disease and 328 
survival in resectable colorectal cancer. Nat Med. Nov 2024;30(11):3272-3283. 329 
doi:10.1038/s41591-024-03254-6 330 
17. Wullaert L, Jansen M, Kraan J, et al. Circulating tumour cells & circulating tumour DNA 331 
in patients with resectable colorectal liver metastases (MIRACLE): a prospective, observational 332 
biomarker study. EClinicalMedicine. Sep 2025;87:103406. doi:10.1016/j.eclinm.2025.103406 333 
18. Diergaarde B, Young G, Hall DW, et al. Circulating Tumor DNA as a Marker of Recurrence 334 
Risk in Stage III Colorectal Cancer: The α-CORRECT Study. Journal of Surgical Oncology. 335 
2025/07/01 2025;132(1):175-186. doi:https://doi.org/10.1002/jso.27989 336 
19. Franken IA, Heilijgers F, Bakker ME, et al. Added value of tumor-stroma ratio to 337 
postsurgery circulating tumor DNA and pTN stage in risk stratification of patients with stage III 338 
colon cancer treated with adjuvant chemotherapy. ESMO Open. Jan 2026;11(1):105935. 339 
doi:10.1016/j.esmoop.2025.105935 340 
20. Frydendahl A, Nors J, Rasmussen MH, et al. Detection of circulating tumor DNA by tumor-341 
informed whole-genome sequencing enables prediction of recurrence in stage III colorectal cancer 342 
patients. European Journal of Cancer. 2024/11/01/ 2024;211:114314. 343 
doi:https://doi.org/10.1016/j.ejca.2024.114314 344 
21. Henriksen TV, Tarazona N, Frydendahl A, et al. Circulating Tumor DNA in Stage III 345 
Colorectal Cancer, beyond Minimal Residual Disease Detection, toward Assessment of Adjuvant 346 
Therapy Efficacy and Clinical Behavior of Recurrences. Clin Cancer Res. Feb 1 2022;28(3):507-347 
517. doi:10.1158/1078-0432.Ccr-21-2404 348 
22. Li Y, Mo S, Zhang L, et al. Postoperative circulating tumor DNA combined with consensus 349 
molecular subtypes can better predict outcomes in stage III colon cancers: A prospective cohort 350 
study. Eur J Cancer. Jul 2022;169:198-209. doi:10.1016/j.ejca.2022.04.010 351 
23. Rubio-Alarcón C, Georgiadis A, Franken IA, et al. Circulating tumour DNA in patients 352 
with stage III colon cancer: multicentre prospective PROVENC3 study. Br J Surg. Dec 24 353 
2025;113(1)doi:10.1093/bjs/znaf281 354 
24. Sinicrope FA, Segovia D, Sharma N, et al. Tissue-Free Circulating Tumor DNA Assay and 355 
Patient Outcome in a Phase III Trial of FOLFOX-Based Adjuvant Chemotherapy (Alliance N0147). 356 
J Clin Oncol. Jan 30 2026:Jco2502086. doi:10.1200/jco-25-02086 357 
25. Taieb J, Taly V, Henriques J, et al. Prognostic Value and Relation with Adjuvant Treatment 358 
Duration of ctDNA in Stage III Colon Cancer: a Post Hoc Analysis of the PRODIGE-GERCOR 359 
IDEA-France Trial. Clin Cancer Res. Oct 15 2021;27(20):5638-5646. doi:10.1158/1078-360 
0432.Ccr-21-0271 361 
26. Taieb J, Souglakos J, Boukovinas I, et al. Combined Analyses of Circulating Tumor DNA 362 
and Immunoscore in Patients With Stage III Colon Cancer: A Post Hoc Analysis of the PRODIGE-363 
GERCOR IDEA-France/HORG-IDEA-Greece Trials. J Clin Oncol. May 2025;43(13):1564-1577. 364 
doi:10.1200/jco.24.00648 365 
27. Tie J, Cohen JD, Wang Y, et al. Circulating Tumor DNA Analyses as Markers of Recurrence 366 
Risk and Benefit of Adjuvant Therapy for Stage III Colon Cancer. JAMA Oncol. Dec 1 367 
2019;5(12):1710-1717. doi:10.1001/jamaoncol.2019.3616 368 
28. Tie J, Wang Y, Loree JM, et al. Circulating tumor DNA-guided adjuvant therapy in locally 369 
advanced colon cancer: the randomized phase 2/3 DYNAMIC-III trial. Nat Med. Dec 370 
2025;31(12):4291-4300. doi:10.1038/s41591-025-04030-w 371 
29. Zhang GQ, Meyerhardt JA, Shi Q, et al. Predictive Role of Circulating Tumor DNA in 372 
Stage III Colon Cancer Treated With Celecoxib: A Post Hoc Analysis of the CALGB 373 

https://doi.org/10.1002/jso.27989
https://doi.org/10.1016/j.ejca.2024.114314


 

 21 

(Alliance)/SWOG 80702 Phase 3 Randomized Clinical Trial. JAMA Oncol. Dec 4 374 
2025;doi:10.1001/jamaoncol.2025.5144 375 
30. Gao Z, Huang D, Chen H, et al. Development and validation of postoperative circulating 376 
tumor DNA combined with clinicopathological risk factors for recurrence prediction in patients 377 
with stage I-III colorectal cancer. J Transl Med. Jan 30 2023;21(1):63. doi:10.1186/s12967-023-378 
03884-3 379 
31. Mo S, Ye L, Wang D, et al. Early Detection of Molecular Residual Disease and Risk 380 
Stratification for Stage I to III Colorectal Cancer via Circulating Tumor DNA Methylation. JAMA 381 
Oncol. Jun 1 2023;9(6):770-778. doi:10.1001/jamaoncol.2023.0425 382 
32. Slater S, Bryant A, Aresu M, et al. Tissue-Free Liquid Biopsies Combining Genomic and 383 
Methylation Signals for Minimal Residual Disease Detection in Patients with Early Colorectal 384 
Cancer from the UK TRACC Part B Study. Clin Cancer Res. Aug 15 2024;30(16):3459-3469. 385 
doi:10.1158/1078-0432.Ccr-24-0226 386 
33. Tarazona N, Gimeno-Valiente F, Gambardella V, et al. Targeted next-generation sequencing 387 
of circulating-tumor DNA for tracking minimal residual disease in localized colon cancer. Ann 388 
Oncol. Nov 1 2019;30(11):1804-1812. doi:10.1093/annonc/mdz390 389 
34. Lonardi S, Nimeiri H, Xu C, et al. Comprehensive Genomic Profiling (CGP)-Informed 390 
Personalized Molecular Residual Disease (MRD) Detection: An Exploratory Analysis from the 391 
PREDATOR Study of Metastatic Colorectal Cancer (mCRC) Patients Undergoing Surgical 392 
Resection. Int J Mol Sci. Sep 29 2022;23(19)doi:10.3390/ijms231911529 393 
35. Sanz-Garcia E, Peinado P, Peláez A, et al. Circulating tumor DNA using a plasma-only 394 
assay predicts survival in patients with oligometastatic colorectal cancer after definitive therapy. J 395 
Gastrointest Oncol. Apr 30 2025;16(2):580-590. doi:10.21037/jgo-24-819 396 
36. Khan AU, Jasim YH, Shahid K, Saidov J, Atamuratova Z, Urazbaeva D. Circulating tumor 397 
DNA as a predictive biomarker for colorectal cancer postsurgical recurrence: a systematic review 398 
and meta-analysis. Clin Transl Oncol. Oct 17 2025;doi:10.1007/s12094-025-04073-y 399 
37. Negro S, Pulvirenti A, Trento C, et al. Circulating Tumor DNA as a Real-Time Biomarker 400 
for Minimal Residual Disease and Recurrence Prediction in Stage II Colorectal Cancer: A 401 
Systematic Review and Meta-Analysis. International Journal of Molecular Sciences. 402 
2025;26(6):2486. doi:10.3390/ijms26062486  403 
38. Abidoye O, Ahn DH, Borad MJ, et al. Circulating Tumor DNA Testing for Minimal 404 
Residual Disease and Its Application in Colorectal Cancer. Cells. Jan 22 405 
2025;14(3)doi:10.3390/cells14030161 406 
39. Chidharla A, Rapoport E, Agarwal K, et al. Circulating Tumor DNA as a Minimal Residual 407 
Disease Assessment and Recurrence Risk in Patients Undergoing Curative-Intent Resection with 408 
or without Adjuvant Chemotherapy in Colorectal Cancer: A Systematic Review and Meta-Analysis. 409 
Int J Mol Sci. Jun 16 2023;24(12)doi:10.3390/ijms241210230 410 
40. Zhou Q, Chen X, Zeng B, et al. Circulating tumor DNA as a biomarker of prognosis 411 
prediction in colorectal cancer: a systematic review and meta‐analysis. Journal of the National 412 
Cancer Center. 2025/04/01/ 2025;5(2):167-178. doi:https://doi.org/10.1016/j.jncc.2024.05.007 413 
41. Masfarré L, Vidal J, Fernández-Rodríguez C, Montagut C. ctDNA to Guide Adjuvant 414 
Therapy in Localized Colorectal Cancer (CRC). Cancers (Basel). Jun 8 415 
2021;13(12)doi:10.3390/cancers13122869 416 

 417 

https://doi.org/10.1016/j.jncc.2024.05.007


 

 22 

 418 



 

 23 

Table 1: Characteristics of enrolled studies 

Author Stage Cases Age Male ct-DNA 
Positive Follow-up ct-DNA 

Timing ct-DNA Method Outcomes 

Tie et al. 2016 II 230 66 (10.4) 131 (57%) 14 (6.1%) 27 m 4–10 weeks NGS (Safe-SeqS) RFS 
Tie et al. 2025(1) II 291 65 (12.5) 154 (52%) 45 (15.5%) 59.7 m 4–7 weeks NGS (Safe-SeqS) RFS, OS 
Chen et al. 2021 II–III 240 58 (11.2) 136 (57%) 154 (64.2%) 27.4 m 3–7 days NGS RFS 
Nakamura et al. 2024 II–III 2240 65 (10) 1091 (49%) 336 (15.0%) 16.7 m N.S. NGS (Signatera) DFS, OS 
Wullaert et al. 2025 II–III 188 67 (9.6) 130 (69%) 117 (62.2%) 37 m 3 weeks NGS RFS 
Diergaarde et al. 2025 III 124 65 (10.8) 66 (53%) 46 (41.1%) 4.8 y 3–12 weeks NGS RFS, OS 
Franken et al. 2026 III 206 63 (9.3) 110 (53%) 26 (12.6%) 43.9 m N.S. NGS RFS 
Frydendahl et al. 2024 III 144 66 (9.6) 87 (60%) 19 (17.0%) 36 m N.S. NGS RFS 
Henriksen et al. 2022 III 160 N.S. 95 (59%) 20 (14.3%) 35 m 2–4 weeks mPCR NGS RFS 
Li et al. 2022 III 151 59 (11.1) 90 (60%) 24 (15.9%) 33.5 m N.S. NGS RFS 
Rubio-Alarcón et al. 2025 III 209 60 (11.7) 112 (54%) 28 (13.4%) 40 m 1–3 weeks NGS RFS 
Sinicrope et al. 2026 III 2260 58 (11.1) 1202 (53%) 461 (20.4%) 6.1 y N.S. NGS RFS, DFS, OS 
Taieb et al. 2021 III 1017 63 (9.6) 576 (57%) 140 (13.8%) 6.6 y 42 days ddPCR (Methylation) DFS, OS 
Taieb et al. 2025  III 554 64 (9.4) 322 (58%) 109 (19.7%) 6.7 y 39 days NGS RFS, OS 
Tie et al. 2019 III 96 59 (13.5) 49 (51%) 20 (20.8%) 28.9 m 4–10 weeks NGS (Safe-SeqS) RFS 
Tie et al. 2025 (2) III 482 60 (14.8) 262 (54%) 129 (26.8%) 47 m N.S. NGS (Safe-SeqS) RFS 
Zhang et al. 2025 III 940 61 (10.8) 515 (55%) 173 (18.4%) 6 y N.S. NGS (Signatera) DFS, OS 
Gao et al. 2023 I–III 108 57 (9.1) 81 (65%) 17 (15.7%) 36.7 m 7–10 days NGS RFS 
Mo et al. 2023 I–III 296 60 (10.3) 186 (62%) 59 (23.1%) 21 m 2–12 weeks ddPCR (Methylation) RFS 
Slater et al. 2024 I–III 214 62 (13) 128 (60%) 21 (9.8%) 30.3 m N.S. NGS RFS 

Tarazona et al. 2019 I–III 94 71 (9.1) 61 (65%) 60 (63.8%) 24.7 m N.S. ddPCR (Tumor-
informed) DFS 

Lonardi et al. 2022 IV 69 56 (14) 46 (67%) 31 (44.9%) N.S. N.S. NGS DFS, OS 
Sanz-Garcia et al. 2025 IV 24 66 (11.1) 16 (67%) 7 (29.2%) 20.7 m 4 weeks NGS DFS, OS 
ct-DNA, circulating tumor DNA; NGS, next-generation sequencing; Safe-SeqS, Safe-Sequencing System; mPCR, multiplex polymerase 
chain reaction; ddPCR, droplet digital polymerase chain reaction; RFS, recurrence-free survival; DFS, disease-free survival; OS, overall 
survival; N.S., not specified; m, months; y, years. 
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Figure 1. Meta-analysis of hazard ratios for post-surgical ctDNA status and RFS
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Figure 2. Meta-analysis of hazard ratios for post-chemotherapy ctDNA status and RFS 
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Figure 3. Meta-analysis of hazard ratios for post-surgical ctDNA status and OS 
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Figure 4. Meta-analysis of hazard ratios for post-surgical ctDNA status and DFS 

 

 


