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ABSTRACT 
Background.  The recurrence rate after hepatic resection of 
colorectal liver metastases (CRLM) remains high. This study 
aimed to investigate postoperative circulating tumor DNA 
(ctDNA) based on ultra-deep next-generation sequencing 
(NGS) to predict patient recurrence and survival.
Methods.  Using the high-throughput NGS method tagged 
with a dual-indexed unique molecular identifier, named the 
CRLM-specific 25-gene panel (J25), this study sequenced 
ctDNA in peripheral blood samples collected from 134 
CRLM patients who underwent hepatectomy after postop-
erative day 6.
Results.  Of 134 samples, 42 (31.3%) were shown to be 
ctDNA-positive, and 37 resulted in recurrence. Kaplan-
Meier survival analysis showed that disease-free survival 
(DFS) in the ctDNA-positive subgroup was significantly 
shorter than in the ctDNA-negative subgroup (hazard ratio 

[HR], 2.96; 95% confidence interval [CI], 1.91–4.6; p < 
0.05). When the 42 ctDNA-positive samples were further 
divided by the median of the mean allele frequency (AF, 
0.1034%), the subgroup with higher AFs showed a sig-
nificantly shorter DFS than the subgroup with lower AFs 
(HR, 1.98; 95% CI, 1.02–3.85; p < 0.05). The ctDNA-pos-
itive patients who received adjuvant chemotherapy longer 
than 2 months showed a significantly longer DFS than those 
who received treatment for 2 months or less (HR, 0.377; 
95% CI, 0.189–0.751; p < 0.05). Uni- and multivariable 
Cox regression indicated two factors independently corre-
lated with prognosis: ctDNA positivity and no preoperative 
chemotherapy.
Conclusion.  The study demonstrated that ctDNA status 6 
days postoperatively could sensitively and accurately predict 
recurrence for patients with CRLM using the J25 panel.

WHAT’S NEW?

Although ctDNA was established as a biomarker for 
predicting recurrence in patients with CRLM, many issues 
still needed to be clarified, including the optimal timing of 
blood collection after surgery sequencing depth, and the 
sensitivity and specificity of ctDNA for predicting recur-
rence. This study developed a novel panel containing 25 
genes associated with CRLM prognosis. Differences in pre-
dicted recurrence were compared between the J25 panel (a 
panel with fewer genes and greater sequencing depth) and 
the 642-gene panel (a panel with more genes and relatively 
smaller sequencing depth).
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The ctDNA status values of peripheral blood collection 
between 6 and 31 days postoperatively were compared. The 
findings showed that the ctDNA status 6 days postopera-
tively could sensitively and accurately predict recurrence 
for patients with CRLM using the J25 panel.

Colorectal cancer (CRC) is the third most common cancer 
worldwide and the second leading cause of cancer-related 
deaths.1 Approximately 50–70% of patients will experience 
metastases, contributing to the high mortality rates reported 
for CRC.2 Hepatic resection remains the gold standard treat-
ment that can be curative for patients with colorectal liver 
metastases (CRLM).3

More than half of CRLM patients experience can-
cer recurrence after hepatic resection, and most of these 
recurrences occur within 1 year.4 Circulating tumor DNA 
(ctDNA) could be a useful prognostic marker for minimal 
residual disease (MRD), intended to describe an occult state 
of micrometastatic disease undetectable by conventional 
imaging methods or blood tests after definitive treatment.5 
Patients with a high risk of recurrence should receive more 
intense adjuvant chemotherapy and surveillance, whereas 
patients with low risk could be managed with de-escalation 
treatment without compromising survival outcomes.6 The 
prognostic role of ctDNA-based MRD detection currently is 
established for many malignant tumors and has been incor-
porated into standard clinical guidelines.7,8 However, routine 
MRD evaluation by next-generation sequencing (NGS) has 
been hindered, mainly because of the difficulties detecting 
and authenticating low-level mutations, especially single 
nucleotide variants (SNVs).

Limited studies have established ctDNA as a biomarker 
for predicting recurrence in CRLM patients.9,10 However, 
the sample sizes were small, and these studies were designed 
retrospectively. Furthermore, some issues remain to be clari-
fied, including the optimal timing of postoperative blood 
collection and the sequencing depth.

The current study developed a novel panel containing 25 
genes associated with CRLM prognosis. Differences in pre-
dicted recurrence were compared between the J25 panel (a 
panel with fewer genes and greater sequencing depth) and 
the 642-gene panel (a panel with more genes and relatively 
smaller sequencing depth). The study was approved by the 
Ethics Committee of Beijing Cancer Hospital and performed 
in accordance with the Declaration of Helsinki.

METHODS AND MATERIALS

Study Design

Between February 2019 and March 2021, the study 
enrolled patients with CRLM from Hepatopancreatobil-
iary Surgery Department I of Beijing Cancer Hospital who 
underwent hepatic resection. The patients underwent radical 

resection of the primary tumor and liver metastases. The 
inclusion criteria specified patients who had resectable 
CRLM before hepatic resection as determined by a multidis-
ciplinary team (MDT), metastasis identified as liver-limited 
disease, preserved liver function (indocyanine green [ICG] 
< 10%), and no other simultaneous malignancies. Patients 
who underwent only ablation or palliative hepatic resection 
(R2) were excluded from the study.

Disease Management

Preoperative staging and evaluation of liver metastasis 
were performed by computed tomography (CT) scan or 
MRI of the abdomen and chest for each patient according to 
standard clinical protocols. Peripheral blood samples were 
collected a median of 6 days postoperatively, and some 
patients also had blood collection a median of 31 days after 
surgery to assess differences in ctDNA at different blood 
collection times.

All the patients had samples collected after radical resec-
tion for both primary and liver metastases. The patients 
provided liver metastatic tumor tissue samples containing 
50% or more tumor cells. After radical resection, patients 
may have received adjuvant chemotherapy, which consisted 
mainly of regimens containing 5-fluorouracil (5-FU), leu-
covorin, and oxaliplatin (mFOLFOX6) or 5-FU, leucovorin, 
and irinotecan (FOLFIRI) with or without bevacizumab or 
cetuximab.

All the patients were followed up, with disease-free sur-
vival (DFS) and overall survival (OS) as the end points. 
The patients were followed up every 3 months for the first 2 
years with physical examination, carcinoembryonic antigen 
(CEA), measurement, CA 19-9 serum measurement, and CT 
scans of the abdominal/thoracic/pelvic area (enhanced MRI 
could also replace CT).

Sample Processing

Tumor DNA was extracted from 5 to 10 slides (5-mm 
thick) of formalin-fixed, paraffin-embedded (FFPE) tumor 
tissue samples using the QIAamp DNA FFPE Tissue Kit 
(Qiagen, Venlo, Netherlands). Peripheral blood samples 
were isolated by centrifugation at 1600 g for 10 min, then 
at 16,000 g for another 10 min to collect plasma and paired 
white blood cell samples. According to the manufacturer’s 
instructions, cell-free DNA (cfDNA), containing fractions of 
ctDNA, was extracted from 3 to 5 ml of plasma using HiPure 
Circulating DNA Midi Spin Kits (Magen, Guangzhou, 
China). Genomic DNA (gDNA) was extracted from white 
blood cell (WBC) samples using the Blood Genomic DNA 
Mini Kit (CWBIO, Beijing, China). All DNA extracted from 
peripheral blood samples and tumor tissue samples was esti-
mated by a targeted sequencing strategy capturing all exons 
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of 642 tumor-related genes (Table S1), whereas the ctDNA 
from peripheral blood samples was analyzed additionally by 
the J25 panel (described in the following section).

Gene Selection and Performance Verification of the J25 
Panel

The J25 panel contained 25 genes that correlated with 
CRLM prognosis, all of which were confirmed to have 
relatively high mutation frequencies in the following three 
independent databases: the 642-gene panel sequencing data 
accumulated from previous CRLM samples in our depart-
ment, the Memorial Sloan Kettering (MSK) CRLM data-
base, and The Cancer Genome Atlas CRC database. All the 
samples could have at least one mutation detected by the J25 
panel. The gene list and mutation frequency of each gene are 
presented in Table S2.

Performance verification also was performed for the J25 
panel with standard gradient DNA samples using quality 
control indicators including effective sequencing depth, 
probe coverage, and detection sensitivity and accuracy. 
In standard gradient DNA samples, three selected hotspot 
mutation loci in CRLM were tested through repeated spike-
in measurements of the well-characterized reference mate-
rial set, GW-OCTM009 (GeneWell, Shenzhen, China), at 
five dilution allele frequencies (AFs): 0.05, 0.1, 0.3, 0.5, 
and 1% (Table S3). Furthermore, 145 typical CRLM hot-
spot mutations in 10 healthy human samples were sequenced 
with the J25 panel to examine specificity at the mutation 
level (Table S4).

Hybrid Capture‑Based Targeted DNA Sequencing

The target NGS tests of all samples were performed at 
GloriousMed Clinical Laboratory (Shanghai) Co., Ltd. Two 
separate custom-designed DNA enrichment panels were 
used: the NimbleGen SeqCap EZ choice (Roche, Basel, 
Switzerland) was used to capture the coding regions of the 
642 genes, and the dual-index UMI-added xGen Predesigned 
Gene Capture Pools (IDT, Coralville, IA, USA) were used 
to capture the coding regions of the J25 panel genes. For 
each sample, 20–50 ng of cfDNA, 200–500 ng of tumor 
DNA, or 500 ng of DNA were used for library preparation 
and quantification, guided by the KAPA Hyper Prep pro-
tocols (Roche). Pools of four to six libraries were used to 
hybridize to the capture panel for 16 h at 47/65 °C. Wash-
ing, recovery, and amplification were performed sequentially 
according to the standard procedures of the NimbleGen Seq-
Cap EZ and IDT panels. The libraries were then purified 
using KAPA Pure Beads (Roche) and quantified using the 
Qubit dsDNA HS Assay Kit (Thermo Fisher, Waltham, MA, 
USA). The final libraries were sequenced on an Illumina 
Novoseq6000 (Illumina, San Diego, CA, USA) at PE150 

mode. The raw sequencing depth was approximately × 6000 
for the 642-gene tumor tissue samples, × 20,000 for the 642-
gene cfDNA samples, and × 60,000 to × 200,000 for the J25 
cfDNA samples.

Identification of Somatic Mutations

Sequencing adapters were trimmed from raw data using 
Trimmomatic (version 0.36, Babraham Institute, Cam-
bridge, UK). After adapter trimming, the reads then were 
aligned to the hg19 version of the human reference genome 
using BWA-MEM in paired-end mode. Polymerase chain 
reaction (PCR) duplicates were removed using Picard (ver-
sion 2.8.1) for the 642-gene panel sequencing data or fgbio 
(version 1.2.0) for the J25 panel sequencing data. For the 
642-gene panel sequencing data, base quality scores were 
further recalibrated by GATK (version 3.7). Somatic and 
germline mutations were called using Mutect2 (GATK 3.7 
for the 642-gene panel, GATK 4.0 for the J25 panel), and 
VardictJava (Release 1.8.0) with a paired workflow.

Variants then were annotated and filtered using ANNO-
tate VARiation and an in-house developed script. The details 
for variant filtering were as follows: (1) for tissue samples 
using the 642-gene panel, the variant frequency was 4.5% or 
higher; (2) for blood samples using the 642-gene panel, the 
variant frequency was 1% or higher, and mutations also were 
identified in the corresponding tissues; and (3) for blood 
samples using the J25 panel, the variant read number was 2 
or higher, mutations also were identified in the correspond-
ing tissues, and additionally, the variant frequency was 0.001 
or higher for samples in which only one variant site was 
identified. Based on the filtered mutations, the blood sample 
was classified as ctDNA-positive if it contained mutations. 
Otherwise it was classified as ctDNA-negative.

Statistical Analysis

Fisher’s exact test was used to compare differences 
between the two groups. Kaplan-Meier survival curves were 
generated by the ggsurvplot function in the survminer R 
package (https://​github.​com/​kassa​mbara/​survm​iner). Uni- 
and multivariate analyses were performed using the Cox 
proportional hazards model to identify independent risk 
factors for DFS. For significant risk factors, the Cox pro-
portional hazards model was reconstructed to calculate the 
coefficients of these factors. The risk score was calculated 
based on the coefficients and status of the factors. Time-
dependent receiver operating characteristic (ROC) analysis 
was performed using the survival ROCR package.11 Statisti-
cal analysis was conducted using R software (version 3.6.1). 
All statistical significance thresholds were set at a two-tailed 
p value of 0.05.

https://github.com/kassambara/survminer
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RESULTS

Sensitivity and Specificity of the J25 Panel

The average initial sequencing depth of the UMI library 
of the J25 panel reached 100,000 ± × 50,000 at initial DNA 
input of 30 ng or higher. The effective library DNA conver-
sion rate was approximately 70%, with a single-base level 
error rate of 9.83 × 10−5 (95% confidence interval [CI], 
9.3710–5–1.03 × 10–4). In the standard gradient test, the 
overall compliance was 100% at the sample level for the 
15 samples involving three mutation loci and five dilution 
concentrations. The coefficient of variation of detected AF 
mutations complied with the requirements (Table S3). In 
addition, the J25 panel presented no false-positives, and the 
specificity was 100% in all 145 CRC typical hotspot muta-
tions tested (Table S4).

Patient Characteristics

The study enrolled 134 patients between February 2019 
and March 2021. The demographic and clinicopathologic 
characteristics of the patients are shown in Table 1. The 
median age was 58 years, and 73% of the patients were male. 
On the basis of pathologic characteristics, 89.6% had T3–4 
diseases and 78.4% were synchronous for liver metastasis 
timing. The median metastasis lesion number was 3, and 
the median largest metastasis size was 22 mm. Of the 134 
patients 110 (82.1%) received preoperative chemotherapy. 
During the study period, 84 (62.7%) of the patients experi-
enced recurrences. The median follow-up period after radi-
cal resection was 17.3 months (range, 3.3–37.3).

The workflow of sample processing and sequencing 
experiments is presented briefly in Fig. 1. Surgical tissues 
from all the patients were sequenced using the 642-gene 
panel. Using the J25 panel, 134 peripheral blood samples 
after a median of 6 postoperative days were sequenced, and 
At the same time, to compare the differences between the 
two panels, 25 of the 134 patients were sequenced using the 
642-gene panel. To assess differences in ctDNA at different 
blood collection times, peripheral blood samples from 43 of 
the 134 patients after a median of 31 postoperative days also 
were sequenced using the J25 panel.

Comparison of the J25 Panel and the 642‑Gene Panel

The study tested 25 peripheral blood samples with both 
J25 panel and 642-gene panel. The J25 panel detected 23 
mutations in eight positive samples in a mean of three 
mutations per sample, and the mean mutation AF was 
1.039% (range, 0.019–8.386%). The 642-gene panel 
detected seven mutations in three positive samples in a 
mean of two mutations per sample, and the mean mutation 

AF was 4% (range, 1.3–9.6%) (Fig. 2A). Therefore, muta-
tions with a lower AF could be detected by the J25 panel 
due to its high depth-sequencing characteristics. Notably, 
all the mutations identified by the 642-gene panel also 
were identified by the J25 panel (Fig. 2A). The muta-
tion rate and the concordance between tissue and plasma 
ctDNA of the J25 panel were significantly better than those 
of the 642-gene panel, especially for the known prognostic 
hotspot genes APC and TP53 in CRLM (Fig. 2B).

Among the 18 patients with recurrence, 44.4% (8/18) 
were mutation-positive according to the J25 panel, 
whereas only 16.6% (3/18) had mutations according to 
the 642-gene panel. The 25 patients were divided into two 
subgroups by ctDNA-negative or ctDNA-positive status 
according to the J25 panel or 642-gene panel results. The 
Kaplan-Meier survival analysis showed that both DFS 
and OS were significantly shorter in the ctDNA-positive 

TABLE 1   Characteristics of the 134 patients in the main recurrence 
analyzing cohort

CEA Carcinoembryonic antigen

Characteristic Number of concerns
(Total = 134)

Gender
 Male 98
 Female 36

Age, median (range) 58 (28–79)
Primary site
 Right colon 26
 Left colon 54
 Rectum 54

Primary T
 T1–2 14
 T3–4 120

Primary N
 N0 32
 N1–2 102

Liver metastasis timing
 Synchronous (≤ 12 months) 105
 Metachronous (> 12 months) 29

Metastasis lesion number, median (range) 3 (1–28)
Largest metastasis size, median (range, mm) 22 (2–100)
Localization of metastases
 Unilobar 61
 Bilobar 73

Preoperative CEA, median (range, ng/mL) 9.355 (1.14–315.5)
Preoperative chemotherapy (n) 110
Surgical radicality
 R0 117
 R1 17

Blood sampling post-operative, median (days) 6 (3–10)
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subgroup than in the ctDNA-negative subgroup in both 
panels (Fig. 2C–F).

A time-dependent ROC curve was used to assess the 
prognostic value of the biomarkers, including the J25 panel 
and the 642-gene panel at 3 years. For DFS, the AUC was 
was 0.72 with the J25 panel and 0.58 with the 642-gene 
panel (Fig. S1). The two AUCs differed significantly (p 
= 0.0099). For OS, the AUC was 0.62 with the J25 panel 
and 0.63 with the 642-gene panel (Fig. S1). The two AUCs 
showed no difference (p = 0.95). Therefore, the J25 panel 
could distinguish DFS more significantly between negative 
and positive groups than the 642-gene panel.

Time Point of Sample Collection for the J25 Panel

The study selected 43 paired peripheral blood samples at 
two postoperative time points, after a median of 6 days and 
31 days, respectively. There were 15 and 13 positive samples 
on postoperative days 6 and 31, respectively (Fig. S2). The 
mean mutation AF was 0.165% on day 6 and 3.261% on day 
31. Therefore, the sampling on postoperative day 6 did not 
differ significantly from the sampling on postoperative day 
31 days. It is easier to obtain blood samples 6 days after 
surgery, and some patients have been discharged from the 
hospital within 31 days, which is not conducive to sample 

collection. Therefore, we chose to collect peripheral blood 
6 days after surgery.

Ability to Predict Recurrence and Survival Using the J25 
Panel

In the 134 tumor tissue samples sequenced by the 642-
gene panel, the mutation AFs ranged from 5.6 to 67.4%. All 
the tissue samples had at least one mutation detected in the 
genes of the J25 panel (Fig. S3). A total of 134 peripheral 
blood samples were tested by J25 panel. The mutation pro-
file of tissue and blood samples is shown in Fig. 3A. The J25 
panel detected 103 mutations in 42 ctDNA-positive sam-
ples, for a mean of 2.45 mutations per sample, and the mean 
mutation AF was 0.824% (range, 0.019–13.308%).

The frequently mutated genes were TP53, APC, KRAS, 
and PIK3CA in the postoperative blood samples (Fig. 3B). 
Of the 42 patients who were ctDNA-positive, 37 relapsed. 
The recurrence rate was 88.1%. Of the 92 patients who 
were ctDNA-negative, 47 relapsed. The recurrence rate was 
51.09%.

The 134 patients were divided into two subgroups 
by ctDNA-negative or ctDNA-positive status accord-
ing to the J25 sequencing results. The Kaplan-Meier 
survival analysis showed that the DFS in the ctDNA-
positive subgroup was significantly shorter than in the 
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ctDNA-negative subgroup (hazard ratio [HR], 2.96; 95% 
CI, 1.91–4.6; Fig. 3C). The OS in the ctDNA-positive sub-
group also was significantly shorter than in the ctDNA-
negative subgroup (HR, 11.5; 95% CI, 3.28–40.6; Fig. 3D). 
When the 42 ctDNA-positive samples were further divided 
by the median of the mean AF (allele frequency), which 
was 0.1034%, the subgroup with higher AFs showed a 
significantly shorter DFS than the subgroup with lower 
AFs (HR, 1.98; 95% CI, 1.02–3.85; p = 0.039; Fig. 3E). 
The subgroup with higher AFs showed shorter OS than 
the subgroup with lower AFs, but the difference was not 

significant (HR, 1.55; 95% CI, 0.488–4.92; p = 0.45; Fig. 
S4).

The patients were further divided into two groups accord-
ing to the time of postoperative chemotherapy (> 2 vs. ≤ 2 
months). The ctDNA-positive patients differed significantly 
in DFS between the two groups (p = 0.0042). The subgroup 
with more than 2 months of chemotherapy showed a sig-
nificantly longer DFS than those who had chemotherapy 
for 2 months or less (HR, 0.377; 95% CI, 0.189–0.751; 
Fig. 4A). The DFS of the ctDNA-negative patients did not 
differ significantly between the two groups (Fig. 4B). These 
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results had certain guiding significance for postoperative 
chemotherapy.

Prognostic Factors for DFS

The association of clinical factors, genes, and ctDNA 
status with recurrence was further analyzed using univari-
ate Cox regression. The following seven factors were sig-
nificantly associated with DFS: ctDNA status, postoperative 
CA199 value, bilobar or unilobar localization, metastasis 
lesion number, preoperative chemotherapy, preoperative 
CA199 value, and KRAS mutation (p < 0.05; Table S5). 
Multivariable Cox regression was further performed with 
these significant factors. The following two factors remained 
independently correlated with prognosis: ctDNA positivity 

(HR, 1.89; 95% CI, 1.14–3.11; p = 0.013) and no preopera-
tive chemotherapy (HR, 0.43; 95% CI, 0.19–0.96; p = 0.04; 
Fig. 5).

DISCUSSION

The recurrence rate of CRLM after radical resection 
remains high. Currently, imaging examination is the only 
efficient method for detecting these clues, which can dem-
onstrate residual disease when sufficient tumor size is pre-
sent.12 Although numerous maneuvers have been designed 
to predict patients who might experience recurrence with 
high risk factors, such as clinical risk scores and RAS status, 
it is difficult to say that these traditional prognostic models 
reflect precision medicine in modern era.13,14
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FIG. 3   The ability to predict recurrence and survival using the J25 
panel for 134 patients. A The mutation oncoplot included tumor tis-
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ctDNA-positive samples. C, D The Kaplan-Meier survival curves for 
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by the median allele frequency in the ctDNA-positive group. ctDNA, 
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Several studies have indicated the clinical utility of 
ctDNA for MRD assessment, monitoring recurrence, and 
treatment response in many fields of carcinomas.15 How-
ever, studies that evaluate ctDNA as a prognostic biomarker 
in patients with CRLM for MRD detection and prediction 
of disease progression are limited. The current study was a 
prospective cohort analysis to investigate the utility of the 
J25 panel for predicting recurrence in CRLM. The J25 panel 
is intended to profile cancer somatic mutations comprehen-
sively with a large targeted gene panel for the purpose of 
reducing economic cost worldwide.

In this study, a J25 panel for CRLM was proposed and 
constructed by the dual-index, UMI-tagged, high-through-
put NGS method. It included the most common 25 gene 
mutations in colorectal cancer. The J25 panel was superior 
to the previous 642-gene panel in terms of sensitivity and 
specificity.

Although the NGS method has been widely applied to 
monitor MRD in CRLM, it does not explore the time point 
of blood sampling for postoperative ctDNA detection. Diehl 
et al.16 demonstrated that the half-life of ctDNA was 114 min 
after radical resection. Evidence showing the rapid decay 
of ctDNA after radical tumor resection was presented in a 
lung cancer study. The authors indicated that cfDNA was 
metabolized by the third day after R0 resection, and that it 
could be a baseline value for postoperative surveillance.17

Additionally, Guo et al.18 reported that the ctDNA muta-
tion AF did not differ significantly between 2–4 days and 
5–8 days postoperatively. Therefore, a preliminary study 
was performed to compare sampling times of 6 days and 31 
days postoperatively at the beginning of current study, and 

the findings showed no significant difference. The authors 
concluded that 6 postoperative days might be a rational sam-
pling time point for ctDNA recurrence monitoring.

The current standard biomarker used for care surveillance 
is CEA, which has limited sensitivity and specificity and is 
elevated in only a few patients.19 In recent years, ctDNA 
has been a promising biomarker receiving significant atten-
tion. It is released by dying cancer cells into the bloodstream 
and theoretically contains the same genetic and epigenetic 
changes as the cancer cells from which it originated.20 Sev-
eral studies have declared that detectable ctDNA after sur-
gery in early-stage cancers is associated with a high risk of 
recurrence.12,21 Several studies have reported that in stages 
II and III colon and rectal cancer, ctDNA testing can identify 
the MRD after radical resection, thus identifying patients 
with the highest risk of recurrence.22

Although limited studies have reported that ctDNA detec-
tion could be used to select patients eligible for liver metas-
tasectomy, the sample size for ctDNA testing in these studies 
was small and available only during and after surgery.23,24 
It showed that patients with detectable ctDNA after hepatic 
resection have markedly shorter recurrence-free survival 
than those who had no resection (HR, 18; 95% CI, 7.9–40).25

Detection of persistent ctDNA after surgery or adjuvant 
treatment effectively identifies CRC patients with MRD who 
ultimately will experience recurrence without additional 
therapy. Accordingly, several prospective clinical trials of 
ctDNA-guided adjuvant therapy are currently underway to 
evaluate whether patients with evidence of MRD through 
ctDNA detection after surgery, adjuvant therapy, or both 
may benefit from additional or more intensive systemic 
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FIG. 4   Kaplan-Meier survival curves for DFS grouped by the time of postoperative chemotherapy in A the ctDNA-positive group and B the 
ctDNA- negative group. DFS, disease-free survival; ctDNA, circulating tumor DNA



4924	 W. Liu et al.

therapy to reduce recurrence risk.26 In the current study, 
CRLM patients with ctDNA positivity who underwent 2 
months of adjuvant chemotherapy had improved long-term 
DFS.

The development of several molecular techniques that 
allow the high-sensitivity analysis of ctDNA has sparked 
recent interest in pursuing the clinical role of ctDNA for 
MRD detection in various tumor types.27 The limited sen-
sitivity of the ctDNA assays is an important concern, espe-
cially in the context of resected early-stage colon cancer 
patients whose ctDNA levels in plasma are quite low. In 
the series reported by Tie et al.26 and Reinert et al.21 the 
calculated sensitivity of a single ctDNA measurement in 

the immediate postoperative period was modest, at approxi-
mately 50%. Fragment size analysis, tracking of multiple 
mutations, serial testing, and adoption of NGS panels that 
enable testing for a large number of genomic and epigenetic 
alterations might improve assay sensitivity.28,29 Theoreti-
cally, a hybrid capture-based approach is a better choice than 
an amplicon-based approach for cfDNA-based liquid biopsy 
applications.30,31

STUDY LIMITATION

The current study had potential limitations. First, only 
one time point was selected (postoperative day 6). Future 
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studies will include regular monitoring of ctDNA dynamics 
at various time points, including initial diagnosis, before 
surgery, after surgery on day 6, and after completion of adju-
vant chemotherapy. Second, a comparative analysis between 
the J25 panel and the 624-gene panel was performed on only 
25 paired samples. Ideally, the specificity of ctDNA positiv-
ity and the mutation AFs in the positive subgroup for pre-
dicting recurrence needs to be further validated by expand-
ing the external cohort and extending the follow-up periods.

CONCLUSION

The current study developed the J25 panel, which has 
higher sensitivity and accuracy. The ctDNA-positive factor 
at postoperative day 6 was a sufficient and significant predic-
tor of DFS. The J25 panel outperformed the 642-gene panel 
in predicting DFS performance and detected signs of recur-
rence earlier than classical clinical methods. Therefore, this 
study is expected to translate into an improved recurrence 
indicator for patients with CRLM.
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