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Background: Colorectal cancer with peritoneal metastases (CRCPM) exhibits high recurrence post-cytoreductive surgery (CRS).
This study evaluated tumor tissue biomarkers and combined circulating tumor DNA (ctDNA) and methylation analysis via ultra-deep
next-generation sequencing (NGS) for recurrence prediction.

Methods: CRCPM patients undergoing surgery were enrolled (n=21). Blood samples was collected at preoperative and postoperative,
and tumor and adjacent tissues were collected. NGS assessed ctDNA and methylation in blood samples, while tumor mutations and
methylation were analyzed in tumor. Recurrence was determined via imaging. Outcomes included progression-free survival (PFS) and
overall survival (OS).

Results: Of 17 patients with paired pre-/postoperative ctDNA testing, preoperative ctDNA levels were higher in those with extraperitoneal
metastases versus peritoneal-only disease (0.1064 vs 0.0037). Postoperative ctDNA positivity correlated with 100% peritoneal recurrence.
ctDNA-positive subgroups showed shorter PFS (HR=2.5; 95% CI:1.6-6.6). Patients persistently ctDNA-negative pre-/postoperatively had
improved PFS versus those with positivity (HR=5.07; 95% CI.:0.53—48.38). ctDNA methylation positivity was observed in all extraper-
itoneal metastasis cases and 70% of peritoneal-only cases. Baseline methylation positivity predicted worse OS overall and in peritoneal-only
subgroups. Postoperative dual negativity for ctDNA and methylation correlated with better OS. Tumor mutations in EPHBI1 (P = 0.012),
ARFRP1 (P = 0.048), and ATR (P = 0.048) were significantly associated with PFS.

Conclusion: Dynamic ctDNA and methylation monitoring, and tumor mutation profiling, may serve as sensitive biomarkers for early
recurrence detection in CRCPM underwent CRS. These tools could enhance recurrence prediction and guide clinical management.
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Introduction

Colorectal cancer (CRC) is one of the most common cancers worldwide and the third leading cause of death of all
cancers.' The peritoneum is the second most common metastatic site for colorectal cancer (after liver). Approximately
17-40% of patients will experience synchronous peritoneal metastases and 44—50% of metachronous peritoneal metas-
tases, contributing to worse overall survival compared with patients without peritoneal involvement.”> Cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) remain the gold standard treatment that can be
curative for CRC patients with peritoneal metastases (CRCPM).** Most CRCPM patients develop recurrent disease (it
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can occur within the peritoneal cavity, systemically, or both) after CRS and HIPEC within 1 year.>® Unfortunately,
conventional clinical assessment and current imaging tools are not sufficient for detecting recurrence.”®

Due to the rapid development in techniques, circulating tumor DNA (ctDNA) detected in patient blood samples could
be an effective prognostic marker for tumorigenesis to recurrence.”'® There are many researches have explored the
effectiveness of ctDNA in minimal residual disease (MRD), and the clinical utility in managing treatment, and
surveillance following cytoreductive surgery.'"'? In recent years, ctDNA methylation has emerged as an alternative
biomarker for CRC."*'* Research on ctDNA methylation has been accumulating to investigate its feasibility in detecting
early relapse in patients with CRC.'>'® However, limited studies to date have established the combined analysis of
circulating tumor DNA (ctDNA) and methylation based on ultra-deep next-generation sequencing (NGS) to predict
patient recurrence in CRCPM patients.

Here, we analyzed the change of ctDNA and ctDNA methylation in CRCPM patient plasma samples obtained
preoperatively and postoperatively throughout the surveillance and the mutations of tumor samples. Specifically, the
combined analysis of circulating tumor DNA (ctDNA) and methylation can be used as a promising biomarker in
postoperative surveillance and be an adjuvant tool for guiding further treatment. This study aimed to provide valuable
insights into the utility of liquid biopsy for identifying disease recurrence of CRCPM patients underwent CRS and
HIPEC, and it will help guide future surveillance pathways for these patients.

Methods and Materials

Study Design

Between July 2020 and December 2022, the study enrolled 21 patients with CRCPM from the Second Affiliated Hospital
of Zhejiang University School of Medicine who underwent CRS. The inclusion criteria specified patients who had
resectable CRCPM before CRS as determined by a multidisciplinary team (MDT). Patients with other simultaneous
malignancies were excluded from the study. Preoperative staging and evaluation of PM 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 at the start of surgery and 4 weeks after postoperatively. All the patients had
samples collected after radical resection for PM.

All enrolled patients underwent surgical resection of primary tumor or conduct CRS procedure. CRC and PM were
diagnosed by pathology. This study was conducted with the approval of the Institutional Review Board of the Second
Affiliated Hospital of Zhejiang University School of Medicine, and according to the Declaration of Helsinki. All patients
in our center provided signed informed consent.

All patients were followed up in the outpatient unit at approximately two weeks after CRS/HIPEC, and at least every
3 months for 2 years, then every six months progression free survival (PFS) and overall survival (OS) were used as the
primary outcome, assessed with standard radiologic criteria, and calculated from the date of surgery to the date of verified
radiologic recurrence.

Capture-Based Targeted DNA Sequencing

Genomic DNA was isolated from formalin-fixed, paraffin-embedded (FFPE) tumor tissue samples using the QIAamp
DNA FFPE Tissue Kit (Qiagen, Hilden, Germany), while cell-free DNA (cfDNA) was extracted from 4—5 mL of plasma
using the QIAamp Circulating Nucleic Acid Kit (Qiagen) following the manufacturer’s standard protocol. The DNA
from both sources was quantified using the Qubit 2.0 fluorometer with the double-stranded DNA HS assay kit (Life
Technologies, CA, USA). For library preparation for next-generation sequencing (NGS), 20-80 ng of either tissue DNA
or purified cfDNA was utilized.Tissue DNA was fragmented using the M220 ultrasonicator (Covaris, MA, USA).
Subsequent steps, including end repair, addition of a single dA overhang, and adaptor ligation, were performed. For
cfDNA, adaptors were ligated using the Burning Rock UHS library preparation kit with unique molecular identifiers
(UMIs). Hybridization with probe baits, magnetic beads selection, and PCR amplification were carried out afterward.
Tumor DNA samples were captured using a commercial panel consisting of 520 cancer-related genes, spanning 1.64 Mb
of the human genome (OncoScreen Plus, Burning Rock Biotech).!” Plasma DNA samples were sequenced using a panel
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consisting of 168 cancer-related genes spanning 237 Kb of the human genome.'® The quality and fragment size of the
DNA libraries were evaluated using Bioanalyzer 2100 (Agilent Technologies, CA, USA). The indexed samples were
sequenced on a NovaSeq 6000 platform (Illumina, Inc., CA, USA) with 150-base paired-end reads. Target sequencing
depths were set at 1000 x for tissue samples and 30,000 x for plasma samples.

Sequence Data Analysis and Mutation Calling

Paired-end sequencing reads were aligned to the human reference genome (hgl9) using the Burrows-Wheeler Aligner
(BWA) version 0.7.10." Local realignment, variant calling, and annotation were conducted with the Genome Analysis
Toolkit (GATK) v.3.2?° and VarScan v.2.4.3.>' Comparisons between tissue or plasma samples and matched white blood
cells were performed to filter out variants related to clonal hematopoiesis. Variant calling required a minimum of eight
supporting reads for single nucleotide variants (SN'Vs), and for insertions or deletions (Indels), at least five reads for
tissue and two reads for plasma samples. Variants with population frequency greater than 0.1% in databases such as
ExAC, 1000 Genomes, dbSNP, and ESP6500SI-V2 were classified as single nucleotide polymorphisms (SNPs) and
excluded from subsequent analysis. The remaining variants were annotated with ANNOVAR (2016-02-01 release)** and
SnpEff (version 3.6).> Structural variants (SVs), including large genomic rearrangements (LGRs), were detected using
Factera (version 1.4.4).** Copy number variations (CNVs) were determined based on capture interval depth, with
thresholds of 1.5 for deletions and 2.75 for amplifications. Mutations identified in cfDNA that were also present in
paired tumor tissue were classified as ctDNA-positive. The ctDNA fraction was determined as the maximum allele
frequency (maxAF) detected in each plasma sample.

cfDNA Methylation Analysis

Library preparation for bisulfite-targeted sequencing was conducted in accordance with a previously established protocol
for cfDNA methylation assays (ELSA-seq).>> Cancer-associated differentially methylated blocks (DMBs) were identified
through systematic comparison of 195 matched tumor (=30% purity) and tumor-adjacent normal tissue (<5% tumor cells)
samples, using blood samples from 312 healthy donors as reference. DMBs selection required absolute methylation
difference |AB| > 0.2 between tumor and normal pairs and statistical significance (FDR-adjusted P < 0.05, Benjamini-
Hochberg corrected paired #-test), yielding 3,159 tumor-specific DMBs. For individual patients, personalized DMBs
subsets were selected based on methylation consistency (hyper/hypomethylation in >80% of tumor replicates) and
dynamic range (top 20% of |AP| values), which were subsequently integrated into the timMRD model as features for
beta-binomial regression to estimate tumor fraction (o) through maximum likelihood estimation.”® To determine the
presence of ctDNA, the Wald test was applied under the null hypothesis. A p-value of less than 0.001 was considered
a methylation-positive result. Model accuracy was validated through: (1) spike-in experiments with lung cancer cell line
DNA (H2209) diluted in normal DNA (GM24385), achieving 95% detection sensitivity at 0.02% tumor fraction; and (2)
numerical simulations confirming that timMRD-scores accurately reflected simulated tumor fractions down to 0.01%,
with minimal interference (<5%) from normal DNA at tumor fractions >0.1%.

Statistical Analysis

Fisher’s exact test was used to compare differences between the two groups. Cumulative survival was evaluated by
Kaplan-Meier analysis. A two-sided P value < 0.05 was set significant. All analyses were performed in SPSS for
windows (version 25.0) and R software (version 3.6.1).

Result

Clinicopathological Characteristics

The workflow of sample processing and sequencing experiments is presented briefly in Figure 1. Surgical tissues from all
the patients were sequenced using the 520-gene panel. To assess differences in ctDNA and methylation at different blood
collection times, peripheral blood samples from patients after a median of 4 postoperative weeks also were sequenced.
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Figure | The workflow of sample processing and sequencing experiments.
Abbreviations: mCRC, metastatic colorectal cancer; ctDNA, circulating tumor DNA.

A total of 22 patients with CRCPM were recruited prospectively. 1 case was excluded for subsequent analysis, due to
insufficient tissue and blood. 21 cases were finally enrolled into analysis in this study. NGS profiling of ctDNA in the
baseline blood was available in 21 cases, and 17 cases were included for analyzing the impact of dynamic ctDNA
changes on prognosis analysis. Methylation in blood was available in 17 cases at baseline, and in 12 cases were matched
for analyzing the impact of dynamic changes on prognosis. DNA mutations in tumor tissue (TIS) were available in 21
cases (Figure 2). The demographic and clinicopathologic characteristics of the overall 21 cases in the cohort were
summarized in Table 1. The median age was 53 years old, and 61.9% of the patients were male. Based on pathologic
characteristics, 42.9% were synchronous for peritoneal metastasis timing. During the study period, 13 (61.9%) of the
patients experienced recurrences: 7 patients had peritoneal-only recurrence and other patients had distant recurrence. The
median follow-up period after radical resection was 6.6 months (range, 2.6—18.5).

Baseline ctDNA Levels Across Disease Sites

The ctDNA fraction was lower in patients with peritoneal-only disease compared with those with other metastases
(Figure 3A). We analyzed the correlation between the level of ctDNA and the different metastatic sites at baseline.
Baseline ctDNA was tested for association with patients’ clinical features (site of metastases, peritoneal metastasis
timing, the number of extra-peritoneal metastasis); however, no significant associations were found (Figure S1).
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Figure 2 A flow diagram of the study population.
Abbreviations: CRCPM, Colorectal cancer with peritoneal metastases; UMI, unique molecular identifiers; Normal, Normal tissue; Tumor, Tumor tissue; NGS, next-
generation sequencing; CRS, cytoreductive surgery.
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Table 1 Demographic Characteristics of the Patients

Characteristic Patient Data (n=21)
Gender
Male 13 (61.9%)
Female 8 (38.1%)
Age, median (range) 53 (35-76)
Primary site
Right colon 8 (38.1%)
Left colon 9 (42.8%)
Rectum 4 (19.1%)
Histological type
Adenocarcinoma 12 (57.1%)
Mucinous adenocarcinoma 9 (42.9%)

Peritoneal metastases timing

Synchronous 9 (42.9%)
Metachronous 12 (57.1%)
Metastatic site at the time of operation
Peritoneal 21 (100%)
Hepatic 6 (28.6%)
Pulmonary 6 (28.6%)
Other 3 (14.3%)
CRS
CC-0 20 (95.2%)
CC-1 | (4.8%)
Relapse
Yes 13 (61.9%)
Peritoneal 7 (53.8%)
Hepatic 4 (30.7%)
Pulmonary | (7.6%)
Other | (7.6%)
No 8 (38.1%)

Abbreviations: CRS, cytoreductive surgery; CC, completeness of
cytoreduction.

Association of ctDNA Levels and Clinical Outcome

At 4 weeks after surgery, ctDNA was positive in 5 of 5 patients with peritoneal-only recurrence (100%), while 2 of 6
patients with distant recurrence showed positive ctDNA results (33.3%) (P = 0.045) (Figure 3B). In patients with
peritoneal-only metastasis before surgery, the sensitivity and specificity of follow-up blood ctDNA in detection of
recurrence were 80%, 66.67%, respectively. The PPV and NPV were 80% and 66.67%, respectively (Table S1).

Follow-up ctDNA was found to be associated with longer RFS and OS in patients with peritoneal-only metastasis
before surgery, however, no significant associations due to the small sample size. The PFS was 12.7 months (95% CI, 6.8
to 18.5) and 4.4 months (95% CI, 2.56 to 12.7) for patients with negative (4 patients) and positive (4 patients) follow-up
ctDNA, respectively (log-rank P = 0.309; HR negative vs positive, 2.5; 95% CI, 1.6 to 6.6, Figure 3C). The OS was 8.73
months for patients with positive follow-up ctDNA and not reached for patients with negative follow-up ctDNA (log-
rank P =0.157, Figure 3D).

The 17 patients were divided into two subgroups by ctDNA (-/-) or ctDNA (+) according to the status of ctDNA at baseline
and follow-up. The Kaplan-Meier survival analysis showed that the PFS in patients with persistently negative ctDNA (-/-)
exhibited longer PFS compared to those who had positive c¢tDNA (including converted to ctDNA positive (-/+) or had
a positive baseline ctDNA result (+/+ or +) (p = 0.124; ctDNA (-/-) vs ctDNA (+); HR= 5.07 [0.53-48.38]; Figure 3E).

Cancer Management and Research 2025:17 heeps: 897


https://www.dovepress.com/article/supplementary_file/519094/519094+Supplementary+Material.docx

@ Chen et al

A B
P =0.670 P =0.045
100 1001
< <
> >
~ 751 ~ 751
(] baseline_DNA_status () followup_DNA_status
o) (=]
_S . Negative .S . Negative
g > B Fost g > W Fosi
ositive ositive
o o
= =
[} [}
Q25 Q25
0- 0-
No Yes No Yes
Extraperitoneal metastasis Recurrence
C D E
100% 100% 100%
followup_DNA_group followup_DNA_status dynamic_ctDNA
=+ Negative (n=4) . 4+ =+ Negative (n=3) =+~ all_neg (n=3)
5% -+ Positive (n=4) é 75% -~ Positive (n=5) 75% -+~ not_all_neg (n=5)
£ s0% L s0% 2 s0%
A & [
E
25% g 25% 25%
p=0309 p=0.157 p=0.124
0%+ HR = 2.50 [0.40—15.40] 0%+ HR = 1756641045.65 [0.00—Inf] 0%+ HR = 5.07 [0.53-48.38]
0 98 196 294 392 490 0 121 242 363 484 0 98 196 294 392 490
Time in days Time in days Time in days
Number at risk Number at risk Number at risk
— 4 2 1 1 1 — 3 3 3 1 1 — 3 3 2 1 1 1
— 4 3 1 0 0 0 — 5 4 3 0 0 — 5 4 1 0 0 0

Figure 3 The ability to predict recurrence and survival using ctDNA. (A) The ctDNA fraction in peritoneal-only metastasis and extraperitoneal metastasis. (B) Diagnostic
sensitivity of postoperative ctDNA. (C) The Kaplan-Meier survival curves for PFS in patient only with PM. (D) The Kaplan-Meier survival curves for OS in patient only with
PM. (E) The Kaplan-Meier survival curves for PFS in patient according to the status of ctDNA at baseline and follow-up in patient only with PM. Percentage (%), the
percentage of circulating tumor DNA status at the baseline; Extraperitoneal metastasis, patients with other metastasis except peritoneal metastasis; baseline_DNA_status,
the status of circulating tumor DNA at the baseline; Recurrence, patient experienced recurrence after surgery; Time in months, the duration of follow-up in months;
followup_DNA_group, the status of circulating tumor DNA at the follow-up; Overall Survival (%), the percentage of surviving participants over time; ctDNA,
followup_DNA_status, the status of circulating tumor DNA at the follow-up; dynamic_ctDNA, the status of circulating tumor DNA at the baseline and follow-up.
Abbreviation: PFS, progression-free survival.

Ability to Predict Recurrence and Survival Using the ctDNA and Methylation

The ctDNA methylation was positive in all CRC patients with extraperitoneal metastases and 70% was positive in patients with
only PM (Figure S2). The baseline ctDNA methylation positive was related to worse OS both in all CRC patients (p =0.505) and
patient only with PM (P = 0.335) (Figure 4A and B). Only one patient showed negative postoperative ctDNA methylation and
did not experienced recurrences until now. To clarify the prognostic value of combined analysis of ctDNA and methylation, the
17 patients were divided into two subgroups by the state of ctDNA and methylation (all positive (ctDNA/methylation (+/+)) and
not all positive ((), (-/+), (-/-)). The Kaplan-Meier survival analysis revealed a clinically observable trend toward reduced overall
survival in patients demonstrating concurrent positivity for circulating tumor DNA and methylation biomarkers, though this
difference lacked statistical significance (P=0.121, Figure 4C).

Ability to Predict Recurrence and Survival Using the 520 Gene Panel

In the 21 tumor tissue samples sequenced by the 520-gene panel, the mutation AFs ranged from 4.8 to 81%. The mutation
profile of tissue samples is shown in Figure 5. The 520-gene panel detected 117 mutations in 21 samples, for a mean of 5.57
mutations per sample, and the mean mutation AF was 9.2% (range, 4.8-81%). The frequently mutated genes were TP53,
KRAS and APC in the operative samples. The Kaplan-Meier survival analysis showed that EPHBI (p = 0.012; HR, 7.21
[1.18-43.94]; Figure 6A), ATR (p = 0.048; HR, 4.57 [0.88-23.84]; Figure 6B), and ARFRP1 (p = 0.048; HR, 4.57
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Figure 4 The ability to predict recurrence and survival using ctDNA methylation. (A) The Kaplan-Meier survival curves for OS in all patients. (B) The Kaplan-Meier survival
curves for OS in patient only with PM. (C) The Kaplan-Meier survival curves for OS by the combined analysis of ctDNA and methylation. Time in days, the duration of
follow-up in days; Overall Survival (%), the percentage of surviving participants over time baseline_methyl_status, the status of methylation at the baseline;
baseline_ctDNA_methyl, the status of circulating tumor DNA and methylation at the baseline.
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Figure 5 The mutational profiling of ctDNA in TIS of PM.
Abbreviations: peri_metastasis, peritoneal metastasis; extraperi_metastas, extraperitoneal metastasis.

[0.88-23.84]; Figure 6C) are associated with the PFS. We also identified 3 genes that were significantly associated with OS.
These included: AXIN2 (p = 0.008; HR, 13.77 [1.33-142.18]; Figure 6D), BARDI1 (p = 0.019; HR, 13.44 [0.81-233.94];
Figure 6E), LRP1B (p = 0.025; HR, 9.44 [0.85-104.63]; Figure 6F).
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Figure 6 The ability to predict recurrence and survival using gene mutation. (A-C) The Kaplan-Meier survival curves for PFS in EPHBI, ATR, and ARFRPI. (D-F) The
Kaplan-Meier survival curves for OS in Axin, BARDI, and LRPIB.

Abbreviations: PFS, progression-free survival, WT, wild type, Mut, mutation; Time in months, the duration of follow-up in months; Overall Survival (%), the percentage of
surviving participants over time.

Discussion

A considerable proportion of patients with CRCPM can experience recurrence after CRS and HIPEC.?’>° Early
detection of recurrence is a difficult clinical issue due to the low sensitivity and specificity of CEA and the limitation
of detecting occult micro metastatic nodules by imaging examination.>' In this study, we evaluating the robust sensitivity
and specificity of the analysis of circulating tumor DNA (ctDNA) and methylation in blood, and tumor mutations and
methylation for detecting recurrence and its association with PFS and OS.

An increasing number of studies in recent years have proposed that the concentrations of ctDNA are up-regulated in
most CRC patients with metastases, however, the ctDNA burden was different in different organ metastases. Consistent
with reports from other groups, the ctDNA fraction was lower in patients with peritoneal-only metastasis compared with
those with other sites of metastases.*> >’

An increasing number of studies in recent years have indicated the clinical utility of ctDNA and for MRD assessment,
monitoring recurrence, and postoperative management in the clinical cancer course.*®>* In our study, we showed that the
patients who tested ctDNA at postoperative could predict recurrence and the patients with ctDNA-positive had a worse
PFS than who with ctDNA-negative, indicating the reliability and effectiveness of ctDNA in detecting molecular residual
disease and recurrence. It is worth noting that the uncertainties persist regarding optimal detection timing of ctDNA.
Recent studies showed the ctDNA positivity typically emerged over three months postoperatively in patients with
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isolated peritoneal involvement.” However, our observational cohort utilizing a standardized 4-week postoperative
surveillance protocol, the detection of circulating tumor DNA (ctDNA) demonstrated a 100% positive predictive value
for subsequent peritoneal carcinomatosis (P = 0.045). The heterogeneous postoperative sampling windows further
obscure the clinical utility of ctDNA in this context. Further large-scale clinical trials are warranted to validate the
optimal postoperative timing for ctDNA detection. Moreover, we assessed the persistent status of ctDNA in patients’
outcomes, in which ctDNA-positive patients at preoperative with retained residual ctDNA at postoperative more likely to
have shorter PFS than persistent ctDNA-negative patients.

Nowadays, most researches about ctDNA pay attention to genomic variations, which are special to every patient.
Furthermore, the application of fixed panel would loss the cancer signals, the ctDNA methylation was applied to the
fullest extent.'® According to other research, ctDNA methylation was a significant prognostic factor associated with
recurrence in multivariable analysis.'* Here we combined the status of ctDNA and ctDNA methylation at postoperative
to assess their potential to improve detection of relapse. For patients who tested all positive ctDNA and ctDNA
methylation at postoperative was showed worse PFS than patients with negative status. The clinical utility of the
combination of ctDNA and ctDNA methylation as a valuable biomarker was confirmed for recurrence warning
throughout the disease course in CRCPM patients underwent CRS. This pragmatic test can largely simplify and facilitate
the postoperative monitoring in standard patient care.

In this study, we also investigated the genetic mutations in tumor tissues, and three genes (EPHBI, ATR,
ARFRP1) which related to PFS are identified in this study. EPHBI1 belonged to Erythropoietin-producing hepatoma
(Eph) receptor tyrosine kinases, which regulate the positioning of cell types along the crypt-villus axis in the
intestinal epithelium.>®* EPHBI is the most most frequently mutated Eph receptor in metastatic CRC. The migration
of CRC cells was unable to suppress due to the mutation of EPHB1.** ATR (Ataxia Telangiectasia and Rad3-
related) is the member of the PIKK family, which is associated with DNA damage response. ATR inhibitor has been
reported its potentiating effect on cancer cells when combined with DNA damaging agents.*'"** Egger’s research
showed that the mutation of ATR sensitizes the cells to several DNA damaging drugs, and exacerbates their
synergistic effects, which could open new doors in the management of ATR-mutated cancers. The special mutation
bottlenecks the replication checkpoint leading to extensive DNA damage. ATR frameshift mutations found in
patients may also represent important prognostic factors.*> ARFRP1 (ADP-ribosylation factor-related protein 1) is
the commonly altered small GTPasess, which is involved in trans-Golgi network through regulating ARL1-mediated
Golgi recruitment and involved in lipidation and assembly of lipoproteins. However, there are not many studies
about its role in cancer.** Furthermore, ARFRP1 could regulate radiation sensitivity in breast cancer cells, ARFRPI
could be a novel protein biomarker for selecting radiotherapy for patients, as well as a new target for overcoming
resistance in cancer radiotherapy.*’

Limitations

The combination of ctDNA and ctDNA methylation and genetic mutations were analyzed for identifying disease
recurrence of CRCPM patients underwent CRS and HIPEC, however, our study had some limitations. First, the
variable plasma collection restricted our sample size, which resulted in non-significant p-values for all survival
analysis while there was difference. Second, the single-institution nature and predominance of patients who under-
went CRS for PM may limit the generalizability of our results. These limitations could be ameliorated by
recruitment of more patients for inclusion in a future prospective study. Studies including more samples should
be carried out to assess effectiveness of treatments and explore accurately stratify postoperative recurrence risk for
CRC patients with PM.

Conclusion

In summary, our data show that peritoneal-only disease was associated with lower ctDNA levels compared to distant
disease. The status of ctDNA at postoperative is a potential sensitive and reliable biomarker for detecting recurrence. The
combination of ctDNA and ctDNA methylation was more sensitive than ctDNA-only in predicting PFS performance and
detecting of recurrence in CRCPM patients underwent operation. The mutation of EPHB1, ATR, and ARFRP1 are related
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to PFS. Therefore, these findings support the potential incorporation of the combination of ctDNA, ctDNA methylation
and and genomic variations assessments in clinical practice, and it is also expected to translate into an improved
recurrence indicator for patients with CRCPM.
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