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ABSTRACT 

In this prospective work, our purpose was to evaluate the impact of circulating tumor DNA (ctDNA) analyses before, during 

and after adjuvant chemotherapy in completely resected stage III colon cancer patients, particularly in terms of disease-free 

survival (DFS). Additionally, we aimed to estimate the efficacy of adjuvant chemotherapy in decreasing ctDNA levels in the 

plasma. From January 2023 to December 2023, 77 patients with stage III colon cancer underwent complete surgical resection, 

were included in this study. These patients had undergone upfront resection of their primary tumors. All received adjuvant 

chemotherapy (CAPEOX or FOLFOX regimen) for six-month period. The median followup was 21 months from date of 

primary surgery. After six months of treatment, ctDNA levels were significantly associated with two-year DFS. Patients with 

low ctDNA levels exhibited better DFS compared to those with moderate ctDNA levels, who in turn had better DFS than 

patients with high-level ctDNA. Findings confirm the benefit of adjuvant chemotherapy in eradicating residual tumor cells 

responsible for tumor recurrence or metastasis. 
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1. INTRODUCTION 

According to GLOBOCAN 2022, colorectal cancer (CRC) ranked as the third most common malignancy (after lung and 

breast cancers), which stands for 9.6% of all cancers in both genders, and it was the second leading cause of cancer-related 

mortality (after bronchogenic cancer) worldwide, standing for 9.3% ]1[. 

For resectable non-metastatic colon cancer, including stage III tumors, hemicolectomy with resection of regional lymph 

nodes is the preferred procedure ]2[. The efficacy of adjuvant FOLFOX (5-FU/LV and oxaliplatin) in completely resected 

stage III colon cancer was compared to 5-FU/LV in the MOSAIC trial and results have been reported with median follow-

up 114 months. Results demonstrated statistically significantly increased 5-year DFS and 10-year overall survival (OS) 

favoring FOLFOX arm ]3[. CAPEOX (Capecitabine plus oxaliplatin) was also assessed in the adjuvant setting for stage III 

colon cancer in the NO16968 trial. Results of this trial showed an improved 3-year DFS, and 7-year OS compared to bolus 

5-FU/L ]4[. Currently, there is no accurate biomarker that can assess the patient’s response to adjuvant chemotherapy, so 

treatment failure can not be identified till diagnosed clinical recurrence. So, the capability to figure out which patients would 

develop recurrence after the end of adjuvant chemotherapy would permit physicians to give them added therapy or put them 

under close monitoring ]5[. 

Cell-free DNA (cfDNA) is the degraded fragments of DNA which float in the peripheral circulation. The DNA fragments 

which are degraded from the somatic cells, can be present in the peripheral blood and other body fluids. These fragments 

can have short or long chain according to the cause of cell damage. Short-chain DNA fragments of 185 - 200 base pairs (bp), 

are derived mainly from apoptosis and are present in the absence of any diseases. However, long-chain fragments of more 

than 200 bp, may be found in the circulation of patients with malignant tumors. These long chain fragments are arising from 

the necrosis of tumor cells underwent ischemia and surrounding tissues that are harmed by the effect of the tumor progression 

]6[. Plasma ctDNA is a term referred to the DNA fragments derived from malignant cells. It stands for a fraction of plasma 
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Arthrobacter luteus (ALU) repeat family constitutes most of plasma DNA of the normal persons. The ALU-115 primer 

expands short DNA fragments that are trimmed by cell apoptosis, while the ALU-247 primer expands longer DNA fragments 

that are trimmed by tissue necrosis. This approach specifically identifies tumor-derived DNA, particularly longer DNA 

fragments, which are commonly observed in malignancies ]8[. 

ctDNA has become a potential non-invasive biomarker for cancer detection. Several studies have revealed that detection of 

postoperative ctDNA, is related to an elevated recurrence risk. Detection of ctDNA can be considered molecular evidence of 

residual disease, and the ctDNA level can be interpreted as a representative of tumor burden. ctDNA concentration analysis 

has an advantage of being able to be assessed serially, which enables assessment of molecular recurrence and tumor burden 

changes in continuous manner, to reflect the treatment response ]9[. The GALAXY arm of the CIRCULATE-Japan study 

has analyzed ctDNA level, pre- and post-surgery in resectable stage II, III and IV CRC. After median follow-up 16.74 

months, patients with positive ctDNA 4 weeks post surgery had an elevated recurrence risk (HR, 10.0) ]10[. The α-

CORRECT study concluded that ctDNA status determined by their patient-specific, tumor-informed ctDNA assay was a 

strong prognostic elemen for risk of recurrence in stage III CRC patients, at all timepoints. The prognostic relation between 

ctDNA status and tumor recurrence was greater than other clinical factors, including CEA, which is the current standard of 

care ]11[. 

2. AIM OF THE STUDY 

Evaluation of the frequency of postoperative low, moderate, and high ctDNA levels in stage III colon cancer patients and its 

effect on DFS, as well as analyzing the effect of adjuvant chemotherapy for stage III colon cancer, on reducing ctDNA levels, 

at two time points; post 3 and 6 months of adjuvant therapy. 

3. PATIENTS AND METHODS 

Patients enrolled in this study had been matched with the following criteria: (1) valid informed consent form, (2) ≥ 18 years 

old, (3) Eastern Cooperative Oncology Group (ECOG) Scale ≤ 2, (4) underwent complete surgical resection of the colonic 

tumor, (6) Histologically confirmed diagnosis with adenocarcinoma of the colon, (6) Stage III tumor, defined by AJCC 

cancer staging, 8th edition. 

Study Design 

Pathology was reviewed with reference pathologist to confirm diagnosis with stage III colonic adenocarcinoma. Radiological 

studies were performed using magnetic resonance imaging (MRI) or computed topography (CT) scan of the abdomen and 

pelvis with contrast, and CT chest, to detect any residual disease or distant metastasis, to all patients prior to start of adjuvant 

therapy.  

Assessment before starting treatment included full medical history and complete physical examination. Further investigations 

conducted within 2 days before every chemotherapy cycle included vital signs, ECOG performance status, complete blood 

count (CBC) and liver and kidney function tests. 

ctDNA was done postoperatively (2-4 weeks after surgery before starting adjuvant chemotherapy), post 3-month treatment 

with adjuvant chemotherapy and after completing adjuvant chemotherapy (post 6-month treatment). Patients were classified 

according to the ctDNA level into three groups: low-level (<500 ng/ml), moderate-level (500-1000 ng/ml) or high-level 

(>1000 ng/ml). 

Patients underwent adjuvant chemotherapy with either the CAPEOX or FOLFOX regimen for a duration of six months. The 

adjuvant chemotherapy regimens employed in our study were as follows: modified FOLFOX-6, which consisted of 

oxaliplatin 85 mg/m2 and folinic acid 200 mg/m2 administered intravenously on day 1 and 15, followed by a 5-FU 400 

mg/m2 intravenous bolus and subsequently a 5-FU 2,400 mg/m2 intravenous infusion over 48 hours, administered every 

four weeks. CAPEOX, on the other hand, consisted of oxaliplatin 130 mg/m2 administered intravenously on day 1, followed 

by oral capecitabine 1000 mg/ m2 administered every 12 hours from day 1 to day 14, and repeated every three weeks. 

Levels of ctDNA for all patients were measured according to mean and median parameters to estimate the percentage of 

ctDNA clearance after treatment with adjuvant chemotherapy. Clearance of ctDNA is defined as the change of ctDNA level 

after treatment (=𝑃𝑜𝑠𝑡 𝑡ℎ𝑒𝑟𝑎𝑝𝑦 𝑐𝑡𝐷𝑁𝐴−𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑐𝑡𝐷𝑁𝐴). Percentage of ctDNA clearance is defined as ctDNA clearance 

level in proportion to the baseline ctDNA level (=]𝑐𝑡𝐷𝑁𝐴 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒/𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑐𝑡𝐷𝑁𝐴[%).  

Follow-up of the patients conducted post adjuvant chemotherapy and every three months thereafter, using laboratory and 

radiological evaluation to detect local disease recurrence or distant metastasis (disease related). Laboratory evaluation 

included tumor makers (CEA and CA19-9). Radiological evaluation included CT scan of the chest, abdomen, and pelvis.  

Molecular Studies 

Peripheral venous blood samples (5-10 ml) from every patient were obtained in K2 EDTA 10 ml tubes and were processed 

within 2 hours at molecular pathology unit at NCI Cairo. Plasma was isolated from blood samples by double centrifugation. 
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First tube was centrifuged by 2000 rpm for 10 minutes. Supernate was aspirated and transferred to a new centrifuge tube. 

Plasma was centrifuged again by 13,000 rpm for 10 minutes, to remove any cells or organelles. Supernate was aspirated and 

transferred to a cryotube and stored at -80 °C.  

DNA was produced from 200 μL of plasma utilizing QIAamp® blood DNA Mini extraction kit (Qiagen, Hilden, Germany) 

as reported by the reference manual of the manufacturer. DNA was eluted in 50 μL elution buffer and concentration was 

determined by Nanodrop spectrophotometer. Extracted DNA was stored at -80 °C. PerfectStart SYBR Green Kits (ready-to-

use kit) was used including ROX as reference dye. Primers’ sequences for ALU-247; F: 5′-GTGGCTCACGCCTGTAATC-

3′, R: 5′-CAGGCTGGAGTGCAGTGG-3′. For each sample, a master mix was prepared consisting of SYBR Green, Rox 

dye, primers and ctDNA template. Components and volumes are shown in table (1).  

Table (1): Master mix components and volumes 

Component Volume 

SYBR green master mix 10 μL 

ALU-247 forward primers 0.4 μmol/L 

ALU-247 reverse primers 0.4 μmol/L 

Rox dye 0.1 μL 

DNA template 4 μL 

Ultra pure water 5.1 μL 

ctDNA was amplified and quantified using the Applied Biosystems 7500 Fast real-time PCR system. The procedure began 

with a heat activation step for DNA polymerase at 94 °C for 30 seconds. This was followed by 45 amplification cycles, each 

consisting of denaturation at 94 °C for 5 seconds, annealing at 60 °C for 15 seconds, and extension at 72 °C for 10 seconds. 

To verify the specificity of the PCR products, a melting curve analysis was performed after amplification.  

To generate standard ALU-247 curve, 7 serial dilutions (from 10000 ng/mL to 0.001 ng/mL) of human genomic DNA control 

PCR-ready concentration (Promega) were amplified by qPCR. They were used as reference to quantify ALU-247 

concentration in each sample, relative to the standard curve. For each sample, cycle threshold (CT) value of ctDNA was 

recorded. The CT value was plotted in the standard curve and concentration of ctDNA was calculated using the standard 

curve equation. 

Ethical Statement 

Ethical approval for this prospective study was aquired from Institutional Review Board (IRB) of National Cancer Institute 

(NCI), Cairo University, on 13 November 2022. IRB Approval No. 2210-305-042. All participants signed informed written 

consent prior to enrollment in the study. 

4. STATISTICAL METHODS 

Analysis of this data was done by utilizing SPSS win (statistical package of social science) version 28. Numerical data was 

presented as appropriate, including means, medians, standard deviations, and ranges. Categorical data was presented in the 

form of percentages and frequencies. A comparative analysis of two numerical datasets was conducted employing either the 

student’s t-test or the Mann-Whitney U test, dependent on the appropriateness of each test for the data characteristics. A 

paired “t” test was employed to differentiate two related groups of normally distributed variables, while a Wilcoxon test was 

utilized to compare non-normally distributed numeric variables. A repeated measures ANOVA was employed to compare 

multiple related groups of normally distributed numerical data. A comparison of multiple related groups of non-normally 

distributed numerical variables was performed using the Friedman test. A comparative analysis of categorical data was 

conducted utilising either the Chi-Square or Fisher’s exact test, dependent on the specific nature of the data.  

Kaplan-meire method was utilized to estimate the DFS. The follow-up duration was computed from the date of primary 

surgical intervention to the date of metastasis or relapse. Statistically significant differences in survival curves were measured 

using the log-rank test. Cox regression analysis was conduted to evaluate independent prognostic variables which affect the 

survival time. All tests were managed with the two-tailed approach, and a probability (P) value less than 0.05 was deemed 

statistically significant. 

5. RESULTS AND DISCUSSION 

ctDNA Groups 

The distribution of patients across low-, moderate-, and high-level ctDNA groups shifted dynamically in response to adjuvant 
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chemotherapy. Prior to chemotherapy, low-level group constituted a smaller subset of the study population. It expanded 

significantly following 3 months of therapy. It grew further to encompass a substantial majority of patients by the completion 

of treatment. In contrast, moderate-level group showed a transient increase in representation at the 3-month interim 

assessment. But subsequently declined to a minimal proportion post-treatment. High-level group initially comprised the 

largest fraction of the cohort. It experienced a steady reduction in prevalence over the course of chemotherapy. Figure (1) 

clarify these changes. 

 

Fig. 1: ctDNA groups over the treatment period 

 

ctDNA Clearance 

The high mean and median ctDNA values, before starting adjuvant chemotherapy suggest that a significant proportion of 

patients may have higher risk of recurrence. After adjuvant treatment for 3 months, the decreased mean and median values 

suggests that adjuvant chemotherapy is effective in reducing ctDNA levels, which is a positive indicator of treatment 

response and potentially lower risk of recurrence. The further decrease in mean and median ctDNA values after treatment 

for 6 months indicates that the adjuvant chemotherapy regimen is effective in reducing ctDNA levels over time. Comparison 

between treatment for 3 versus 6 months regarding ctDNA clearance, revealed that the added benefit for the second 3 months 

of treatment was equal to the first one in terms of median values (ctDNA clearance = -39%), and to less extent in terms of 

mean values (ctDNA clearance = -23 vs -34%, respectively). Mean and median values are illustrated in figure (2), and 

numerical values are detailed in table (2). 

 

Fig. (2): ctDNA values before, during and after adjuvant chemotherapy 
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Table (2): Values of ctDNA at the three timepoints 
 

Total N = 77 

ctDNA at Baseline (ng/ml) Mean ± SD 

Median (IQR) 

955.32 ± 528.7 

1048 (618 – 1500) 

Range 0 – 1500 

ctDNA Post 3-month treatment (ng/ml) Mean ± SD 

Median (IQR) 

577.21 ± 415.12 

539 (218 – 860) 

Range 0 – 1500 

ctDNA Post 6-month treatment (ng/ml) Mean ± SD 

Median (IQR) 

340.34 ± 430.23 

136 (0 – 513) 

Range 0 – 1500 

ctDNA clearance post 3-month treatment (%) Mean ± SD -34.19 ± 49.19 

Median (IQR) -39.39 (-59.07 – -20) 

Range -100 – 114.08 

ctDNA clearance post 6-month treatment (%) Mean ± SD -57.04 ± 61.55 

Median (IQR) -78.44 (-100 – -44.6) 

Range -100 – 182 

 

Relation between ctDNA Level and DFS 

The analysis of this study demonstrated that, prior to initiating adjuvant chemotherapy, ctDNA levels were not statistically 

significant predictors of 2-year DFS. However, a significant association emerged after 3 months of treatment (P=0.001) and 

after 6 months of treatment (P<0.001). Notably, the low-ctDNA group exhibited a superior DFS rate compared to the 

moderate-ctDNA group, which in turn demonstrated a better DFS rate than the high-ctDNA group. Figures (3), (4) and (5) 

illustrate the difference in survival. These findings suggest that adjuvant chemotherapy may be effective in eliminating 

residual tumor cells responsible for tumor recurrence or metastasis. These data are in accordance with Malla et al., who 

reported that ctDNA has been shown to have several promising implementations, including minimal residual disease 

detection (MRD), predicting early relapse, and assessment of response to treatment ]12[. Two studies by Tie et al. and 

Henriksen et al. reported that analysis of ctDNA level postoperatively and post adjuvant chemotherapy is a potential marker 

for prognosis in patients with stage III colon cancer ]13, 14[. 

 

Fig. (3): Disease free survival among baseline ctDNA groups 



Yasser Ahmed Sallam, Mervat Mohamed Fouad El Deftar, Fatma Mohamed Ahmed Abouelkasem, 

Yousery Nada, Mohammed Samy Seleam 
 

pg. 3647 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

 

Fig. (4): Disease free survival among post 3-month ctDNA groups 

 

 

Fig. (5): Disease free survival among post 6-month ctDNA groups 

 

6. CONCLUSION 

In this prospective work, our aim was to estimate the efficacy of treatment with adjuvant chemotherapy on decreasing ctDNA 

level in plasma of patients with completely resected stage III colon cancer. Also, we aimed to measure the impact of ctDNA 

level, on DFS.  

During the period between January 2023 and December 2024, 77 patients with completely resected stage III colon cancer, 

were presented to the medical oncology outpatient clinic at NCI Cairo and Maadi Armed Forces Medical Complex, after 

upfront resection of primary tumor. They received adjuvant chemotherapy for 6 months, and they were followed up 

thereafter. Median followup was twenty-one months (range 18-24 months) from date of surgery. 



Yasser Ahmed Sallam, Mervat Mohamed Fouad El Deftar, Fatma Mohamed Ahmed Abouelkasem, 

Yousery Nada, Mohammed Samy Seleam 
 

pg. 3648 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

The analysis of this study revealed that after treatment for 3 and 6 months, ctDNA levels were significantly associated with 

2-year DFS. After 3- and 6-month treatment with adjuvant chemotherapy, low-ctDNA patients had better DFS than moderate 

and high levels of ctDNA patients. Also, moderate-ctDNA patients had better DFS than high levels of ctDNA patients. This 

data may reflect the effect of adjuvant chemotherapy to eradicate the residual tumor cells responsible for tumor recurrence 

or metastasis.  

7. CONFLICTS OF INTEREST 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared 

to influence the work reported in this paper. 

8. FUNDING SOURCES 

None 

9. ACKNOWLEDGMENTS 

The authors are grateful to the patients without whom, this study would not have been done. 

REFERENCES 

[1] Ferlay, J., Ervik, M., Lam, F., Laversanne, M., Colombet, M., Mery, L., Piñeros M, Znaor A, Soerjomataram I, 

and Bray, F. Global Cancer Observatory: Cancer Today. Lyon, France: International Agency for Research on 

Cancer; 42(1):1-0 (2024). 

[2] West, N. P., Hohenberger, W., Weber, K., Perrakis, A., Finan, P. J., and Quirke, P. Complete mesocolic excision 

with central vascular ligation produces an oncologically superior specimen compared with standard surgery for 

carcinoma of the colon. Journal of Clinical Oncology, 28(2), 272-278 (2010). DOI: 10.1200/JCO.2009.24.1448 

[3] André, T., de Gramont, A., Vernerey, D., Chibaudel, B., Bonnetain, F., Tijeras-Raballand, A., Scriva, A., 

Hickish, T., Tabernero, J., Van Laethem, J. L., Banzi, M,, Maartense, E., Shmueli, E., Carlsson, G. U., 

Scheithauer, W., Papamichael, D., Möehler, M., Landolfi, S., Demetter, P., Colote, S., Tournigand, C., Louvet, 

C., Duval, A., Fléjou, J. F. and de Gramont, A., Adjuvant fluorouracil, leucovorin, and oxaliplatin in stage II to 

III colon cancer: Updated 10-year survival and outcomes according to BRAF mutation and mismatch repair 

status of the MOSAIC study. Journal of Clinical Oncology, 33(35), 4176–4187 (2015). DOI: 

10.1200/JCO.2015.63.4238. 

[4] Schmoll, H. J., Tabernero, J., Maroun, J., de Braud, F., Price, T., Van Cutsem, E., Hill, M., Hoersch, S., 

Rittweger, K., and Haller, D. G., Capecitabine plus oxaliplatin compared with fluorouracil/folinic acid as 

adjuvant therapy for stage III colon cancer: Final results of the NO16968 randomized controlled phase III trial. 

Journal of Clinical Oncology, 33(32), 3733-3740 (2015). DOI: 10.1200/JCO.2015.60.9107 

[5] Argilés, G., Tabernero, J., Labianca, R., Hochhauser, D., Salazar, R., Iveson, T., Laurent-Puig, P., Quirke, P., 

Yoshino, T., Taieb, J., Martinelli, E., and Arnold, D., Localised colon cancer: ESMO Clinical Practice 

Guidelines for diagnosis, treatment and follow-up. Annals of Oncology, 31(10), 1291–1305 (2020). DOI: 

10.1016/j.annonc.2020.06.022   

[6] Arakawa, S., Ozawa, S., Ando, T., Takeuchi, H., Kitagawa, Y., Kawase, J., Oshima, H., Nagata, H., Atsuta, K., 

Yoshida, R., Kawabe, N., Umemoto, S., Morise, Z., and Horiguchi, A.,.Highly sensitive diagnostic method for 

colorectal cancer using the ratio of free DNA fragments in serum. Fujita Medical Journal, 5(1), 14–20 (2019). 

DOI: 10.20407/fmj.2017-025 

[7] Cheng, M. L., Pectasides, E., Hanna, G. J., Parsons, H. A., Choudhury, A. D., and Oxnard, G. R., Circulating 

tumor DNA in advanced solid tumors: Clinical relevance and future directions. CA: A Cancer Journal for 

Clinicians, 71(2), 176–190 (2021).  DOI: 10.3322/caac.21650 

[8] Fawzy, A., Sweify, K. M., El-Fayoumy, H. M., and Nofal, N., Quantitative analysis of plasma cell-free DNA 

and its DNA integrity in patients with metastatic prostate cancer using ALU sequence. Journal of the Egyptian 

National Cancer Institute, 28(4), 235–242. (2016). DOI: 10.1016/j.jnci.2016.08.003. 

[9] Parikh, A. R., Van Seventer, E. E., Siravegna, G., Hartwig, A. V., Jaimovich, A., He, Y., Kanter, K., Fish, M. 

G., Fosbenner, K. D., Miao, B., Phillips, S., Carmichael, J. H., Sharma, N., Jarnagin, J., Baiev, I., Shah, Y. S., 

Fetter, I. J., Shahzade, H. A., Allen, J. N., Blaszkowsky, L. S., Clark, J. W., Dubois, J. S., Franses, J. W., 

Giantonio, B. J., Goyal, L., Klempner, S. J., Nipp, R. D., Roeland, E. J., Ryan, D. P., Weekes, C. D., Wo, J. Y., 

Hong, T. S., Bordeianou, L., Ferrone, C. R., Qadan, M., Kunitake, H., Berger, D., Ricciardi, R., Cusack, J. C., 

Raymond, V. M., Talasaz, A., Boland, G. M., and Corcoran, R. B., Minimal Residual Disease Detection using 

a Plasma-only Circulating Tumor DNA Assay in Patients with Colorectal Cancer. Clin Cancer Res. (2021) Oct 



Yasser Ahmed Sallam, Mervat Mohamed Fouad El Deftar, Fatma Mohamed Ahmed Abouelkasem, 

Yousery Nada, Mohammed Samy Seleam 
 

pg. 3649 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

15;27(20):5586-5594. doi: 10.1158/1078-0432.CCR-21-0410. Epub 2021 Apr 29. PMID: 33926918; PMCID: 

PMC8530842. 

[10] Kotani, D., Oki, E., Nakamura, Y., Yukami, H., Mishima, S., Bando, H., Shirasu, H., Yamazaki, K., Watanabe, 

J., Kotaka, M., Hirata, K., Akazawa, N., Kataoka, K., Sharma, S., Aushev, V. N., Aleshin, A., Misumi, T., 

Taniguchi, H., Takemasa, I., Kato, T., Mori, M., and Yoshino, T. Molecular residual disease and efficacy of 

adjuvant chemotherapy in patients with colorectal cancer. Nature Medicine, 29(1), 127-134 (2023).  DOI: 

10.1038/s41591-022-02115-4 

[11] Diergaarde B., Young G., Hall D. W., Mazloom A., Costa G. L., Subramaniam S., Palomares, M. R., Garces, 

J., Baehner, F. L., and Schoen R. E., Circulating Tumor DNA as a Marker of Recurrence Risk in Stage III 

Colorectal Cancer: The α-CORRECT Study. Journal of surgical oncology, (2025).  10.1002/jso.27989. 

doi:10.1002/jso.27989.  DOI: 10.1002/jso.27989 

[12] Malla, M., Loree, J. M., Kasi, P. M., and Parikh, A. R., Using circulating tumor DNA in colorectal cancer: 

Current and evolving practices. Journal of Clinical Oncology, 40(24), 2846-2857 (2022). DOI: 

10.1200/JCO.21.02615 

[13] Tie, J., Cohen, J. D., Wang, Y., Christie, M., Simons, K., Lee, M., Wong, R., Kosmider, S., Ananda, S., 

McKendrick, J., Lee, B., Cho, J. H., Faragher, I., Jones, I. T., Ptak, J., Schaeffer, M. J., Silliman, N., Dobbyn, 

L., Li, L., Tomasetti, C., Papadopoulos, N., Kinzler, K. W., Vogelstein, B., and  Gibbs, P., Circulating tumor 

DNA analyses as markers of recurrence risk and benefit of adjuvant therapy for stage III colon cancer. JAMA 

Oncology, 5(12), 1710-1717 (2019). DOI: 10.1001/jamaoncol.2019.3616 

[14] Henriksen, T. V., Tarazona, N., Frydendahl, A., Reinert, T., Gimeno-Valiente, F., Carbonell-Asins, J. A., 

Sharma, S., Renner, D., Hafez, D., Roda, D., Huerta, M., Roselló, S., Madsen, A. H., Løve, U. S., Andersen, P. 

V., Thorlacius-Ussing, O., Iversen, L. H., Gotschalck, K. A., Sethi, H., Aleshin, A., Cervantes, A., and 

Andersen, C. L., Circulating tumor DNA in stage III colorectal cancer, beyond minimal residual disease 

detection, toward assessment of adjuvant therapy efficacy and clinical behavior of recurrences. Clinical Cancer 

Research, 28(3), 507-517 (2022). DOI: 10.1158/1078-0432.CCR-21-2404 

 
 


