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Circulating tumor DNA (ctDNA) has been studied as a non-invasive tool for disease monitoring in different cancer types.
Despite advances in colorectal cancer (CRC) management, it remains a leading cause of mortality and there is an unmet
need for new biomarkers to guide therapeutic approaches and improve patient’s outcome after surgical resection of the
primary tumor or its metastatic sites. This review summarizes the different clinical results and ongoing studies on the
performances of ctDNA as a prognostic marker for disease recurrence, both in non-metastatic patients with resection of
the primary tumor and in those with full resection of metastatic disease.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer
worldwide in terms of incidence and the second in terms of
mortality." Treatment of early-stage (I-1ll) colon cancer is
based on surgical resection of the tumor with clean margins
and appropriate lymphadenectomy. Adjuvant chemotherapy
is indicated for all patients with stage Ill disease and in pa-
tients with stage Il disease with high-risk features.”” How-
ever, it is estimated that 50%-80% of those patients are
already cured by surgery.” In addition, in patients with stage
IV (metastatic) CRC, there is still a hope for cure if all met-
astatic lesions can be removed surgically. In all these patients
with resectable disease, an appropriate tool to select pa-
tients for (pre- and) post-operative chemotherapy is missing.

In both non-metastatic and metastatic CRC (mCRC), the
monitoring of disease recurrence once all detectable dis-
ease has been removed surgically is based on plasma car-
cinoembryonic antigen (CEA) assay dosage combined with
thoraco-abdomino-pelvic computed tomography scan
every 3-6 months for 5 years. However, this surveillance
program varies a lot between countries and remains sub-
optimal in detection of early disease recurrence at a time
when curative-intent treatment might still be possible.®®
Consequently, a more sensitive and specific tool to
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identify early recurrence would be of great interest in order
to offer to each patient the best therapeutic option.
Minimal residual disease (MRD) is a well-established prin-
ciple for early identification of persistent disease in many
hematological malignancies.” Plasma circulating tumor DNA
(ctDNA) could be a new prognostic and predictive tool to
detect MRD after CRC surgery, to select patients for adjuvant
chemotherapy and to monitor patients more effectively.
This article summarizes the most important studies that
have assessed the role of ctDNA in CRC in tracking MRD
after surgical resection of the primary tumor or of all met-
astatic sites and reviews major ongoing trials in this field.

CIRCULATING TUMOR DNA

Plasma ctDNA has been studied in multiple cancer types.
Due to various mechanisms including cell apoptosis and
necrosis or shedding from living cells, cell-free DNA (cfDNA)
is released from normal and malignant cells and can be
detected in the bloodstream and other body fluids. The
ctDNA is the fraction of cfDNA that originates from tumor
cells with a half-life of <2 h in the circulation."’

The detection and characterization of plasma ctDNA (also
called liquid biopsy) is a relevant non-invasive marker that
allows for cancer detection and for disease monitoring,
potentially overcoming limitations of tissue biopsies. ctDNA
analysis can capture the molecular heterogeneity of a pa-
tient’s cancer as well as its progression over time. This is
especially important in CRC where both spatial and temporal
heterogeneity have been described.'*? Several studies have
demonstrated the concordance between ctDNA molecular

https://doi.org/10.1016/j.esmogo.2024.100068 1


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:jtaieb75@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068

analysis and tissue analysis with the advantage of shorter
turnaround time for ctDNA analysis.*>**

The proportion of ctDNA within total cfDNA varies
significantly and depends on multiple factors such as pri-
mary tumor location, disease burden, metastatic sites, tu-
mor vasculature, cellular turnover, and pre-analytic
conditions.*>*® ctDNA circulates in the form of short frag-
ments with a peak size distribution consistent with the size
of DNA wrapped around histones and linker regions (166
bp)."”?° The differences in the size fragmentation features
and the epigenetics marks have been proven efficient not
only to distinguish ctDNA from non-tumoral circulating DNA
but also to define its tissue of origin.

To guarantee the comparability of the results of ctDNA
analysis, the pre-analytical conditions must be carefully
considered. Even though there is no definitive consensus on
the appropriate pre-analytical conditions, specific points
have been described as important by a wide range of
studies. These considerations include the use of dedicated
tubes that stabilize nucleated blood cells, such as Streck
(Streck (R), La Vista, Nebraska) cfDNA BCT tubes, to avoid
contamination by long-sized DNA fragments (and thus dilu-
tion of its tumor fraction), and to allow for sample stabili-
zation at room temperature for several days.’?* Two
centrifugations steps for plasma preparation and plasma
storage at —80°C are needed to ensure pertinent results.
Moreover, plasma samples should be preferred to serum
samples to avoid contamination by long DNA fragments.”**

In addition, the sampling schedule should be adapted to
the clinical question addressed. It is indeed known that
cfDNA levels can vary in responses to several pathological
and non-pathological conditions, including surgical
trauma.’®>* Repeated ctDNA testing at a distance from
surgical resection for patients with early negative detection
can also be considered.

Recent technological advances especially suited to liquid
biopsies have greatly facilitated the analysis of ctDNA and
largely contributed to the increased demonstration of its
utility.>> However, as mentioned by a recent European Society
for Medical Oncology (ESMO) recommendations, ‘there are no
single ctDNA assays that would be fit for all purposes’.”* The
targeted clinical application should drive the choice of ctDNA
detection methods since they present differences related to
their sensitivity, cost, and turnaround time.

These strategies include the analysis of a single or limited
number of alterations using, for example, PCR-based pro-
cedures such as digital PCR (dPCR) or the analysis of many
alterations using next-generation sequencing (NGS)-based
targeted panels, allowing the analysis of hundreds of al-
terations or genome-wide analysis. Targeting a large num-
ber of alterations tends to increase sensitivity in detection
of ctDNA.*®

dPCR relies on the use of microcompartments in the form
of microdroplets [(droplet-based digital PCR (ddPCR)] or
microchambers to partition the sample for testing using
two- to six-color systems. It allows for high-precision ctDNA
detection and quantification and presents high sensitivity
(<0.01%). It generally has a turnover time of a few days
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which is particularly relevant in the adjuvant setting.>’®

Other quantitative PCR-based mutation detection
methods allowing for highly sensitive detection have also
been described.>**° Approaches employing massively par-
allel sequencing and optimized library preparation tech-
niques for ctDNA detection have also been largely
described.”* These approaches include targeted amplicon
sequencing [i.e. Safe Sequencing System (Safe SeqS)],
tagged-amplicon deep sequencing (TAm-Seq), and hybrid
capture-based NGS methods [i.e. cancer-personalized
profiling by deep sequencing (CAPP-seq)] and their opti-
mizations.*>** Other highly sensitive optimized NGS
methods have been studied using different strategies to
reduce sequencing artifacts based on the use of molecular
barcoding and/or bioinformatics.*>***>*# These strategies
allow for more accurate and precise mutation identification
and quantification of mutations, making them more
appropriate for MRD applications than conventional tar-
geted amplicon NGS-based methods. They have a very low
limit of detection, which allows detection of variant allele
frequencies <0.01, and can detect high numbers of specific
mutations, including deletions, rearrangements, and copy
number alterations. Moreover, by allowing the analysis of
multiple loci, NGS-based methods could lead to higher
sensitivity for ctDNA detection than methods with lower
multiplexing abilities. The main disadvantages of these tests
are their relatively high cost, complex analysis procedures,
and their long turnover time, which is a drawback when
there is an urgent need for a treatment decision, as in the
adjuvant setting.**

Two main approaches are used to detect ctDNA in the
context of MRD assessment: tumor-informed and tumor-
agnostic. Their main characteristics are summarized in
Figure 1. Tumor-informed strategies are based on prior
characterization of specific alterations present in the pri-
mary tumor. These alterations can be determined using
several approaches including whole genome or exome
sequencing, which can detect genomic modifications, but
also epigenetic changes, allowing the tracking of multiple
cancer-specific mutations simultaneously. Other methods
can be applied to the characterization of the primary tumor,
including looking into smaller mutation panels that include
the most frequent alterations. Digital PCR and/or person-
alized NGS-based assays could be the methods of choice for
the subsequent detection of patient-specific alterations in
plasma. Personalized monitoring algorithms that track al-
terations of interest from non-personalized sequencing
panels have also recently been described.*° These
personalized approaches present high accuracy for ctDNA
analysis, but generally have long turnaround times and
elevated costs.

Tumor-agnostic approaches do not require previous
knowledge of the tumor and directly test the plasma. A
large range of techniques have been developed for this
approach based either on the parallel testing of many al-
terations (either targeted or genome-wide) or on assays
focusing on a restricted panel of markers allowing for
‘universal’ detection of ctDNA.'®?%>! Several approaches
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Figure 1. Tumor-informed approach versus tumor-agnostic approach to determination of ctDNA.
ctDNA, circulating tumor DNA; MRD, minimal residual disease; NGS, next-generation sequencing.

rely on specific high-sensitivity optimized NGS that uses
bioinformatic pipelines and targeted gene panels containing
frequently mutated genes in a specific disease, such as
BRAF, RAS, TP53, and APC for CRC.*’ Agnostic approaches
present the obvious advantages of bypassing the need for
tumor tissue, thus leading to a shorter turnover time and
potentially reduced cost. The integration of other markers
such as methylation tends to increase the sensitivity of
tumor-agnostic tests. Other strategies based on fragmen-
tomics and/or multimodal analysis have also been
described for MRD, but most of the published data were
focused on early cancer detection,'*%*16:5255

CIRCULATING TUMOR DNA TO PREDICT RECURRENCE
AFTER CURATIVE SURGERY AND GUIDE ADJUVANT
THERAPY

Non-metastatic colon cancer

Several studies have tested the ability of ctDNA to detect
MRD and to predict early recurrence after surgery and after
adjuvant chemotherapy in non-metastatic colon cancer
patients (Table 1). ctDNA was detected post-operatively in
7%-25% of patients, depending on disease stage and pub-
lications.”®®® Patients with detectable ctDNA after surgery
have a higher risk of recurrence compared with patients
with negative post-operative ctDNA with a hazard ratio (HR)
ranging in the current literature from 1.8 to 18.°°% In
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addition, ctDNA was considered as an independent prog-
nostic marker in most of these studies after adjustment of
the most important, currently known, prognostic factors in
non-metastatic colon cancer (Table 1).

Post-operative positive ctDNA was associated with worse
recurrence-free survival (RFS) in both stage Il and I
resected colon cancer, in the first publications on this topic
by Tie et al. 7 years ago®°* (Table 1). More recently, a case-
control study including 134 patients with stage Il resected
colon cancer from the PRODIGE 13 trial showed not only
better progression-free survival (PFS) in patients with post-
operative negative ctDNA, but also better overall survival
(0S) compared to positive ctDNA patients.®* In addition,
ctDNA positivity after adjuvant chemotherapy was also
predictive of worse outcomes with increased risk of disease
recurrence and a shorter RFS compared to ctDNA-negative
patients in several reports®®>¥°* (Table 1).

Two recent meta-analyses, including 6 and 37 studies,
respectively, also demonstrated the prognostic value of
CtDNA after surgery and adjuvant treatment.®>® Moreover,
different studies have shown the ability of serial ctDNA
testing after surgery to detect MRD earlier than with
radiologic imaging, with intervals ranging from 1 to >16.5
months (Table 1).

Despite these interesting results, the previously
mentioned studies have some limitations including
suboptimal pre-analytic conditions, limited number of
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Table 1. Cohorts and post hoc analyses evaluating the role of ctDNA in predicting recurrence after surgery and adjuvant chemotherapy in non-metastatic
resected colorectal cancer

Study Pathology ctDNA Sample % of positive ctDNA Results
and stage analysis size
Tie et al.®* Colon stage I Safe-SeqS 230 Post-op: 7.9% - Post-op: 3-year RFS 0% in ctDNA+ versus 90% in ctDNA—
Post-chemo: 11% (HR 18)
- Post-chemo: 3-year RFS 0% in ctDNA+ versus 85% in
ctDNA— (HR 11)
Tie et al.®? Colon stage llI Safe-SeqS 96 Post-op: 20% - Post-op: 3-year RFS 47% in ctDNA-+ versus 76% in ctDNA
Post-chemo: 17% — (HR 3.8)
- Post-chemo: 3-year RFS 30% in ctDNA+ versus 77% in
ctDNA— (HR 6.8)
Reinert et al.”® Colorectal Multiplex 130 Post-op: 10.6% - Higher risk of recurrence in post-op ctDNA+ (HR 7.2), in
stage -1l PCR and NGS Post-chemo: 8% post-chemo ctDNA-+ (HR 17.5) and during surveillance
(HR 43.5)
- Serial ctDNA can detect MRD up to 16.5 months earlier
than radiologic imaging
Wang et al.>® Colorectal Safe-SeqS 58 27.5% of patients who did - All patients who had disease recurrence were ctDNA+
stage -1l not receive chemo - All patients who had no recurrence after chemo were
11% of patients who CtDNA—
received chemo - 3/32 patients who did not receive chemo and had recur-
rence were ctDNA+
- ctDNA positivity preceded radiologic and clinical recur-
rence by a median of 3 months
Tarazona et al.”® Colorectal Multiplex 193 Post-op: 9.2% - Higher recurrence in post-op ctDNA+ (HR 16.53), post-
stage -1l PCR chemo (HR 27.92) and after definitive treatment (HR
47.52)
- Inferior RFS in ctDNA+ (HR 53.19)
- Serial ctDNA can detect MRD 9.08 months earlier than
radiologic imaging
Benhaim et al.”’ Colorectal ddPCR 184 Preop: 27.5% - Recurrence rate 32.7% in preop ctDNA+ versus 11.6% in
stage II-1ll Post-op: 10.5% ctDNA—
Long-term - Shorter TTR in ctDNA+ preop (HR 3.58), immediately af-
follow-up: 15% ter surgery (HR 3.22) and 1-6 months post-op (HR 5)
- ctDNA can detect recurrence 13.1 months earlier than
radiologic imaging
Henriksen et al.” Colorectal Multiplex 168 Post-op: 14% - Post-op ctDNA+ was a recurrence predictor (HR 7)
stage IlI PCR, NGS Post-chemo: 10.7% - Post-chemo ctDNA+ was a recurrence predictor (HR
50.76)
- Recurrence rate in post-op ctDNA+ 80%
- All patients with post-chemo ctDNA+ had relapse
- Serial ctDNA was a recurrence predictor (HR 50.80)
- ctDNA growth rate was prognostic of survival (HR 2.7)
- ctDNA detected recurrence with a median lead time of
9.8 months compared to SOC imaging
Taieb et al.®’ Colorectal ddPCR for 1017 Post-op: 13.8% - 3-year DFS 66.39% in ctDNA+ versus 76.71% in ctDNA—
stage IlI methylation (P = 0.015)
markers WIF - ctDNA is an independent prognostic factor for DFS (HR
and NPY 1.55) and OS (HR 1.65)
- ctDNA- patients seem to undergo 6 months of adjuvant
chemotherapy as compared to 3 months
Grancher et al.** Colon ddPCR 134 Post-op: 9% - ctDNA was detected more post-op in recurrent group
stage Il (16.7% versus 1.8%, P = 0.002)
- DFS 16.8 months in ctDNA+ versus 54 months in ctDNA
— (P = 0.002)
- 0S 51.3 months in ctDNA+ versus 69.5 months in ctDNA
— (P = 0.03)
- ctDNA was associated with recurrence (OR = 11.13, P =
0.03) and death (HR = 3.15, P = 0.01)
Mo et al.®® Colorectal Multiplex PCR 296 Preop: 78.4% - Higher risk of recurrence in post-op ctDNA-+ versus
stage |-l for ctDNA Post-op: 23% ctDNA— (HR 17.5)

methylation
markers

Post-chemo: 12%

The integration of ctDNA and CEA showed risk stratifica-
tion for recurrence (HR 19)

Shorter RFS in post-chemo ctDNA + versus ctDNA— (HR
13.8)

Shorter RFS in post-definitive treatment ctDNA+ versus
ctDNA— (HR 20.6)

CEA, carcinoembryonic antigen; ctDNA, circulating tumor DNA; DFS, disease-free survival;, ddPCR, droplet-based digital polymerase chain reaction; HR, hazard ratio; RFS,
recurrence-free survival; MRD, minimal residual disease; NGS, next-generation sequencing; OR, odds ratio; OS, overall survival; post-op, post-operative; preop, preoperative; SOC,

standard of care; TTR, time to recurrence.
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ctDNA-positive patients, mixing stage I-lll disease, limited
follow-up time, limited information on adjuvant treatments,
and lack of multivariable analyses adjusting for all relevant
confounding prognostic factors. Therefore, they need to be
supported by large prospective studies or clinical trials with
pre-defined objectives to confirm their results.

A first large series, from a randomized phase Il trial,
came with the post hoc analysis from the PRODIGE-GERCOR
IDEA-FRANCE trial. This study analyzed ctDNA of 1017 pa-
tients with resected stage Il colon cancer treated with
oxaliplatin-based adjuvant chemotherapy, using two
methylation markers: WIF and NPY by ddPCR. At a median
follow-up of 6.6 years, the 3-year disease-free survival (DFS)
was worse in patients with post-operative positive ctDNA
compared to patients with negative ctDNA (66.39% versus
76.71%). ctDNA was an independent prognostic marker for
DFS and OS. Finally, ctDNA-positive patients seemed to
undergo 6 months of adjuvant chemotherapy as compared
to 3 months®’ (Table 1). However, pre-analytical conditions
were not optimal in this work.

Following these interesting results, many ongoing clinical
trials are evaluating the role of ctDNA in prediction of dis-
ease recurrence and in guidance of treatment decision
making in patients with fully resected primary disease
(Figure 2).

On the one hand, trials have been designed to test a
ctDNA-informed therapeutic strategy versus standard of
care without ctDNA testing, in other words trials that are
‘testing the test’ (Figure 3A).

The randomized clinical trials DYNAMIC Il and Il evalu-
ated the outcome of patients with stage Il and Il resected
colon cancer using a ctDNA-guided management compared
to the standard approach, in terms of prescription of
adjuvant chemotherapy. The DYNAMIC Il trial was recently
published.®® This trial included 455 patients with stage I
colon cancer, randomized 2 : 1 for a ctDNA-guided or
standard treatment. Final results showed that 15% of pa-
tients in the ctDNA-guided management group received
adjuvant chemotherapy versus 28% in the classical man-
agement group based on clinicopathologic features. ctDNA-
guided management was not inferior to the standard
approach in terms of 3-year RFS (91.7% versus 92.5%) and
in 2-year disease recurrence rates. In addition, the 3-year
RFS was 86.4% in ctDNA-positive patients who received
chemotherapy and 92.5% in ctDNA-negative patients who
did not receive chemotherapy. This study showed that a
ctDNA-guided approach could reduce the use of adjuvant
chemotherapy for patients with stage Il disease without
affecting RFS. However, although these results are impres-
sive and pragmatic in a population-based treatment
approach, they also show that the chemotherapy regimens
differed between the two trial arms, with 62% of
oxaliplatin-based chemotherapy in the ctDNA group and
90% of single-agent fluoropyrimidine in the control group,
thereby possibly impacting the global study results. A sec-
ond limitation is that in ctDNA-negative patients with
resection of a T4 tumor, the recurrence rate was as bad as
in ctDNA-positive patients, underlining the fact that ctDNA
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Figure 2. Standard versus ctDNA-guided approach to prescription of adjuvant
chemotherapy.
ctDNA, circulating tumor DNA.

is not sufficient to fully assess the risk of disease recurrence
in stage Il colon cancer patients from an individual-based
treatment perspective (Table 2) (Figure 3A). The DYNAMIC
Il trial is currently enrolling patients.

A prospective UK multicenter prospective trial (TRACC) is
recruiting patients with resected stage Il and Il CRC to
study the non-inferiority of a ctDNA-guided treatment to
standard of care, with a view to avoiding unnecessary
adjuvant chemotherapy. Analysis of MRD detection by
ctDNA showed that 93.4% of patients had detectable ctDNA
before surgery and 13% were MRD-positive after surgery.
42.9% of ctDNA-positive patients relapsed while only 8.6%
of ctDNA-negative patients did. In the multivariable anal-
ysis, ctDNA status was the most significant prognostic factor
associated with RFS. The results of this trial are still awai-
ted®®’° (Table 2) (Figure 3A).

In the MEDOCC-CrEATE trial, dedicated to stage Il colon
cancer, patients are randomized to pursue or not a ctDNA-
guided adjuvant chemotherapy. In the ctDNA-guided group,
patients with positive ctDNA will receive eight cycles of
CAPOX (capecitabine + oxaliplatin), while patients with
negative ctDNA will receive the same treatment modality as
patients in the control group’’ (Table 2). A very similar
design was chosen for the US COBRA trial, which examined
ctDNA clearance after adjuvant chemotherapy and RFS in
patients in the ctDNA-positive arm’? (Table 2) (Figure 3A).
However, the latter trial was recently closed to enrollment
due to an unexpected rate of false-positive results observed
in the planned interim analysis with the tumor-agnostic test
used in this study.
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ctDNA, circulating tumor DNA.

SAGITTARIUS is a randomized controlled trial that will
recruit 700 patients with high-risk stage Il or stage Il colon
cancer across 25 centers in three European countries. The
aim of this trial is to compare the standard-of-care treat-
ment to a personalized care strategy based on the presence

6 https://doi.org/10.1016/j.esmogo.2024.100063

or absence of MRD 4 weeks after surgery. The alternative
approaches include chemotherapy, targeted therapy,
immunotherapy, and surveillance (Figure 3A).

On the other hand, various clinical trials have adopted
another type of study design, consisting in testing ctDNA in
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Table 2. Clinical trials evaluating the role of ctDNA in predicting recurrence after surgery * adjuvant chemotherapy in non-metastatic resected colon cancer

(EU 2023-505046
_26-00)

in patients with ctDNA+

after adjuvant chemotherapy

with FOLFOX/CAPOX

Trial Pathology Arms ctDNA Sample Primary Preliminary
name and stage analysis size endpoint results
DYNAMIC 11°% Colon ctDNA-guided group Safe-SeqS 455 2-year RFS - 15% in the ctDNA
stage Il versus standard group group versus 28% in
the standard group
received chemo
- 2-year RFS was not
inferior in the ctDNA
group to the standard
group (93.5% and 92.4%)
- 3-year RFS 86.4% in
ctDNA-+ versus 92.5%
in ctDNA—
DYNAMIC Il Colon stage Il ctDNA-guided group Safe-SeqS 1000 RFS Not available
2022 versus standard group
TRACC®*7° Colon high-risk ctDNA-guided group Signatera 107 - Incidence of - 93.4% ctDNA+ before
stage Il and versus standard group ctDNA+ before surgery
stage Il surgery - 13% MRD+ after
- Post-op ctDNA surgery
correlation - 42.9% of MRD+ relapsed
with DFS versus 8.6%
MRD— (HR 10)
- ctDNA prognostic factor
associated with
RFS (HR 28.8)
MEDOCC-CrEATE’*  Colon stage Il ctDNA-guided group PGDx elio™ 1320 Proportion of Not available
versus standard group patients receiving
adjuvant chemo
when ctDNA+
after surgery
COBRA’? Colon ctDNA-guided group LUNAR® 1408 - ctDNA clearance Study closed
stage IIA versus standard group with or without
adjuvant chemo
- RFS in ctDNA+
SAGITTARIUS Colon high-risk ctDNA-guided group — 700 — Not available
stage Il and versus standard group
stage Il
CIRCULATE-AIO”® Colon Chemo or no chemo Not reported 4812 DFS Not available
stage Il in post-op ctDNA+
patients
CIRCULATE Colon Chemo or no chemo ddPCR for WIF1 1980 DFS Not available
2-PRODIGE 7074 stage |l in post-op ctDNA+ and NPY
patients methylation
markers
PEGASUS’*7® Colon T4NO Escalated or de-escalated LUNAR1® 140 MRD after Feasibility completed
and stage IlI treatment based on surgery 7% of recurrences in
ctDNA monitoring and ctDNA— mainly in
chemotherapy patients with lung or
peritoneal recurrences
46% of patients switched
to FOLFIRI at 3 months
experienced ctDNA
clearance
GALAXY’780°82 Colorectal stage II-IlI — Signatera® 1040 Association ctDNA+ patients after
and resectable between surgery had an inferior
stage IV post-operative DFS (HR 10.53)
ctDNA and ctDNA clearance after ACT
recurrence risk was associated with better
response and better
DFS (HR 6.72)
VEGA”’ Colorectal Chemo or no chemo Signatera 1240 DFS Not available
stage II-1ll in post-op ctDNA— patients
and resectable
stage IV
ALTAIR”” Colorectal Trifluridine/tipiracil Signatera 240 DFS Not available
stage II-1l or placebo in ctDNA+
and resectable patients
stage IV
CIRCULATE-PAC Colorectal FOLFIRI versus trifluridine Methylation 1680 PFS Not available
PRODIGE 88 stage II-1I tipiracil versus surveillance ddPCR

Continued
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Table 2. Continued
Trial Pathology Arms ctDNA Sample Primary Preliminary
name and stage analysis size endpoint results
ERASE-CRC®’ Colon stage Il First: FOLFOX or FOLFOXIRI Not reported 300 ctDNA clearance Not available
and in post-op ctDNA+ after adjuvant
high-risk Second: trifluridine/tipiracil and post-adjuvant
stage Il or no treatment in chemo
post-adjuvant ctDNA+
SuU2C ACT3*? Colon First: FOLFIRI Sequencing panel 73 CtDNA clearance 13.7% were ctDNA+
stage IlI Second: surveillance (Reveal, Guardant 1 month after after adjuvant chemo
Third: targeted therapy Health) additional 90% of ctDNA+ had
chemotherapy no actionable biomarker
IMRROVE-IT2% Colorectal ctDNA approach versus NGS and ddPCR 250 The proportion Not available
high-risk standard imaging for of patients receiving
stage Il and Il follow-up curative-intended
resection or local
metastasis-directed
treatment
BESPOKE®*#* Colorectal, — Signatera 2000 Impact of ctDNA Post-operative ctDNA
stage on adjuvant positivity was associated
I-IV treatment decision with worse DFS (HR 20.8)
Determine rate Better DFS in ctDNA+ with
of recurrence of ACT compared to
asymptomatic observation (HR 3.9)
patients based No benefit of ACT in ctDNA—
on ctDNA (HR 1.1) ctDNA clearance
with ACT and ctDNA status
during surveillance were
prognostic of patient
outcome

ACT, adjuvant chemotherapy; ctDNA, circulating tumor DNA; DFS, disease-free survival; ddPCR, droplet digital polymerase chain reaction; HR, hazard ratio; MRD, minimal residual

disease; NGS, next-generation sequencing; RFS, recurrence-free survival.

all patients and comparing different treatment options in
both ctDNA-positive and -negative patients, in other words
trials ‘testing the treatment’ (Figure 3B).

The large German/Austrian/Swiss CIRCULATE-AIO and
French/Belgium CIRCULATE 2-PRODIGE 70 trials are
randomizing patients with stage Il resected colon cancer
with post-operative positive ctDNA to receive or not adju-
vant chemotherapy. The primary endpoint is DFS in both
studies, which share a very similar design’>’* (Table 2)
(Figure 3B). In the German trial, an academic tumor-
informed assay will be used as a methylation tumor-
agnostic assay that is currently used in the French trial.
However, the French CIRCULATE 2-PRODIGE 70 trial has
been recently amended to integrate a tumor-informed
commercial test (SIGNATERA®) in addition to the original
methylation test.

The PEGASUS study is designed for patients with resected
stage Ill and T4NO stage Il colon cancer, evaluating an
escalation or de-escalation adjuvant treatment based on
ctDNA status monitored every 3 months’® (Table 2). Initial
results were presented at ESMO 2023 and ASCO Gl 2024
with a median follow-up of 21.2 months. They showed the
feasibility of this ctDNA-based approach and that 7% of
ctDNA-negative patients relapsed despite treatment de-
escalation, with most disease relapses observed in the
peritoneum and lung in this group, both sites known to be
associated with low release of ctDNA into the bloodstream.
In addition, 46% of patients with a positive ctDNA test 3
months after CAPOX chemotherapy that were switched to
FOLFIRI [5-fluorouracil (5-FU) + irinotecan] experienced

8 https://doi.org/10.1016/j.esmogo.2024.100068

ctDNA clearance, which seems to be a promising signal’®

(Figure 3B).

One of the largest trials in this field is the CIRCULATE-
Japan platform. This platform is composed of three parallel
studies—GALAXY, VEGA, and ALTAIR—which are investi-
gating the benefit of ctDNA detection in patients with
resectable stage II-IV CRC. GALAXY is an observational study
dedicated to ctDNA monitoring. The VEGA trial is evaluating
a de-escalation approach in patients without detectable
ctDNA 4 weeks after surgery. Patients are randomized to
receive or not 3 months of adjuvant CAPOX. The ALTAIR
study is designed to establish the superiority of trifluridine/
tipiracil to placebo in patients with positive ctDNA at any
time within 2 years after surgery. Preliminary results from
the GALAXY study have been recently published. With a
median follow-up of 24 months, patients with positive ctDNA
during the MRD window (2-10 weeks after surgery or before
chemotherapy) had a shorter DFS (HR 10.53). At 24 months,
the DFS was 28.9% in ctDNA-positive patients compared
with 85.9% in ctDNA-negative patients. ctDNA clearance
after adjuvant chemotherapy was an indicator of response
and was associated with a better DFS (HR 6.72)"7%° (Table 2)
(Figure 3B).

Another prospective multicenter study is the French
PRODIGE 88 trial which will randomize patients with
resected high-risk stage Il or Il disease and with a positive
ctDNA 3-6 months after chemotherapy cessation to receive
FOLFIRI or trifluridine/tipiracil or to be followed up, with an
endpoint of DFS (EU 2023-505046_26-00). A similar trial
(ERASE-CRC) including patients with resected stage Ill and
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high-risk stage Il colon cancer with post-operative positive
ctDNA randomizes patients to receive FOLFOX/CAPOX
versus FOLFOXIRI (5-FU+ oxaliplatin + irinotecan) in the
first part. In the second part, patients with positive ctDNA
at the end of chemotherapy are randomized to receive or
not trifluridine/tipiracil for six cycles. The primary endpoint
is ctDNA clearance after adjuvant and post-adjuvant
chemotherapy®* (Table 2) (Figure 3B).

SU2C ACT3 clinical trial is enrolling patients with stage IlI
colon cancer treated with adjuvant chemotherapy. ctDNA is
analyzed 3-6 weeks after adjuvant chemotherapy. ctDNA-
negative patients undergo surveillance. ctDNA-positive pa-
tients who are biomarker-negative are randomized 1 : 1 to
treatment with FOLFIRI or surveillance. ctDNA-positive pa-
tients who are biomarker-positive are treated with
biomarker-targeted therapy for 6 months. The primary
endpoint is ctDNA clearance 1 month after completion of
additional chemotherapy in ctDNA-positive patients who
are biomarker-negative. To date, 73 patients have been
enrolled. 13.7% were ctDNA-positive and 90% of them did
not have a targetable biomarker.®?

Finally, the role of ctDNA in post-operative surveillance is
evaluated in the Danish IMPROVE-IT2 study. A ctDNA-
guided surveillance approach is compared to standard
radiologic follow-up. The primary endpoint is the proportion
of patients receiving curative-intended resection or local
metastasis-directed treatment®® (Table 2). The BESPOKE
study is another ongoing prospective observational trial
evaluating the role of ctDNA in adjuvant treatment decision
making and in the detection of disease recurrence in stage I-
IV CRC. At 24.8 months, post-operative ctDNA positivity was
associated with worse DFS (HR 20.8). Patients with positive
ctDNA had better DFS with chemotherapy compared to
surveillance (HR 3.9) and no benefit from adjuvant
chemotherapy was observed in ctDNA-negative patients.
ctDNA status after adjuvant chemotherapy and during
follow-up was prognostic of patient outcome®*%° (Table 2).

Non-metastatic rectal cancer

Preoperative chemoradiation or radiotherapy followed by
total mesorectal excision surgery (TME) remains the stan-
dard of care for the treatment of stage Il and Il rectal
adenocarcinoma.’® Total neoadjuvant treatment (TNT),
evaluated in several clinical trials, was associated with
improved local response and pathologic complete response
(pCR) with a benefit in terms of OS only in the PRODIGE 23
trial #7%?

Different studies have evaluated the clinical utility of
ctDNA in predicting response to neoadjuvant treatment and
detecting disease recurrence after surgery in locally
advanced rectal cancer (LARC).

The prognostic value of baseline ctDNA assessed by Appelt
et al. showed that patients with positive ctDNA (methylation
test) at baseline had worse 5-year OS and more distant me-
tastases at 5 years in comparison to ctDNA-negative pa-
tients® (Table 3). In a cohort study of 36 LARC patients

Volume 4 m Issue C m 2024

treated with neoadjuvant chemoradiation (NCRT) followed
by surgery, pretreatment ctDNA positivity was associated
with reduced post-operative DFS and OS by 1.47 and 1.41
years, respectively’’ (Table 3).

The correlation between ctDNA after neoadjuvant treat-
ment or after TME and patient outcome has been demon-
strated in various studies.’”®* Serial ctDNA analysis in 85
patients with LARC showed that changes between baseline
and post-neoadjuvant treatment ctDNA status were an in-
dependent predictor of pathological response to preoper-
ative treatment. Post-operative ctDNA detection was also a
prognostic factor for disease recurrence. A combined anal-
ysis of post-operative CEA and ctDNA revealed cumulative
effects on RFS? (Table 3).

Another similar prospective study with 29 patients
demonstrated a higher rate of RO resection in patients with
undetectable preoperative ctDNA compared to patients
with positive ctDNA. In this study, after a median follow-up
of 20 months, all patients who had positive post-operative
ctDNA experienced recurrence, whereas only 2 out of 15
patients with undetectable post-operative ctDNA experi-
enced recurrence (negative predictive value: 87%), and
post-operative ctDNA positivity was associated with worse
DFS (HR 11.56)°2 (Table 3). Zhou et al. included 106 patients
with LARC. ctDNA was determined at four time points
before surgery. All patients who had pCR had preoperative
negative ctDNA. In addition, positive ctDNA was associated
with a shorter metastasis-free survival (MFS)°* (Table 3).

Further larger studies gave similar results regarding the
prognostic role of ctDNA in LARC. GEMCAD 1402 is a ran-
domized phase Il multicenter clinical trial including patients
with LARC treated with TNT (mFOLFOX = aflibercept fol-
lowed by chemoradiation). ctDNA was measured at baseline,
after TNT within 48 h preoperatively. ctDNA was detectable in
83% of patients at baseline and in 15% after TNT. Patients
who had detectable pre-surgery ctDNA had a higher risk of
recurrence, and shorter DFS (HR 4) and OS (HR 23), but no
association was found between ctDNA and pathological
response” (Table 3). The GEMCAD REVEAL study is an
ongoing prospective trial that aims to evaluate the role of
ctDNA as a predictive marker of relapse in patients treated
with TNT followed by TME or surveillance depending on the
clinical assessment of local response (NCT05674422).

Tie et al. also showed a worse RFS in ctDNA-positive
patients after NCRT (HR 6.6) and after surgery (HR 13.0)
in their prospective study. Post-operative ctDNA positivity
was associated with high risk of recurrence irrespective of
adjuvant chemotherapy. However, here again ctDNA was
not predictive of pCR®® (Table 3). Based on these data,
DYNAMIC RECTAL is an ongoing randomized controlled trial
to determine the role of ctDNA-guided adjuvant treatment
decision making in LARC. Eligible patients have LARC treated
by TNT followed by TME and are fit for adjuvant chemo-
therapy. Patients are randomized 2 : 1 to a standard of care
or ctDNA-guided approach. ctDNA-positive patients are
treated with 4 months of chemotherapy and ctDNA-
negative are observed if ypNO or treated according to the
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Table 3. Studies evaluating the role of ctDNA in predicting response to neoadjuvant chemoradiation and disease relapse after surgery in non-metastatic rectal

combining ctDNA
and MRI to detect pCR

cancer
Study ctDNA Sample Primary ctDNA Results
analysis size endpoint detection
rate
Tie et al.”® Safe-SeqS 159 Role of ctDNA in Baseline: 77% - No difference in RFS based on baseline ctDNA
risk stratification Preop: 8.3% - Inferior RFS in ctDNA-+ after NCRT (P < 0.001) and after
Post-op: 12% surgery (P < 0.001)
- Post-op ctDNA associated with risk of recurrence irre-
spective of adjuvant chemo
- ctDNA was not predictive of pCR
Appelt et al.”° NGS for NPY 146 OS and distant Baseline: 20.5% - Worse 5-year OS in positive meth DNA (47% versus 69%
hypermethylation metastases rate HR 2.08)
- Lower metastasis rate at 5 years (55% versus 72% HR
2.20)
Pazdirek et al.” BEAMING 36 Association between Preop: 21.2% - Pretreatment ctDNA+ was associated with a median
ctDNA changes in reduction of RFS (1.47 years) and OS (1.41 years) (P =
early days of NCRT 0.015, P = 0.010)
and therapy outcome - Reduction or elimination of ctDNA in all patients with no
correlation with TRG or TNM
Murahashi et al.”>  NGS 85 ctDNA correlation Baseline: 57.6% - ctDNA predictor of response to preop therapy
with pathological Preop: 22.3% - Post-op ctDNA prognostic of recurrence with cumulative
response to preop effect on RFS
therapy and post-op
recurrence
McDuff et al.” NGS 29 Ability of ctDNA to Preop: 34.6% - Higher rate of RO in preop ctDNA— than ctDNA+ (88%
predict surgical versus 44%, P = 0.028)
outcome or recurrence - Higher recurrence rate in post-op ctDNA+ versus 13% in
after NCRT ctDNA— (NPV 87%)
- Worse RFS in ctDNA+ (HR 11.6) (P = 0.007)
Zhou et al.** NGS 106 Role of ctDNA in Preop at four time - ctDNA associated with shorter MFS (P < 0.05)
predicting tumor points: 75%, - Median VAF of mutations in baseline ctDNA was predic-
response to NCRT, 15.6%, 10.5%, tor of MFS (P < 0.001)
tumor burden and and 6.7%
prognosis
GEMCAD 1402°° NGS 180 Ability of ctDNA to Baseline: 83% High risk of recurrence, short DFS (P = 0.033) and OS (P <
predict response, Preop: 15% 0.0001) in post-op ctDNA+ but no correlation with
recurrence, and pathologic response
survival after TNT
DYNAMIC RECTAL"’ — 230 The use of adjuvant Post-op: 28% - 46% of patients in the ctDNA-guided group received
chemo after TNT and chemotherapy compared to 77% in the standard group
TME (ctDNA-guided - The 3-year RFS: 76% for ctDNA-guided group compared
versus standard strategy) to 82% for the standard-of-care group
Wang et al.”® NGS 119 Role of a risk model Baseline: 84% - ctDNA clearance during NCRT was correlated with pTRG

(95.7% in pTRG 0, 77.8% in pTRG1, 71.1% in pTRG2,
and 66.7% in pTRG3, P = 0.008) and was associated with
low probability of non-pCR (OR = 0.11)

The detection of acquired mutations was 3.8%, 8.3%,
19.2%, and 23.1% in pTRG 0, 1, 2, and 3 groups,
respectively (P = 0.02)

A risk score combining ctDNA and mrTRG had a higher
pCR prediction performance than ctDNA or mrTRG alone
Patients with detectable driver mutations and high-risk
features after surgery had the highest recurrence risk
(P < 0.001)

ctDNA, circulating tumor DNA; HR, hazard ratio; MFS, metastasis-free survival; MRI, magnetic resonance imaging; mrTRG, MRI tumor regression grade; NGS, next-generation
sequencing; NPV, negative predictive value; NRCT, neoadjuvant chemoradiation therapy; OS, overall survival; pCR, pathologic complete response; post-op, post-operative;
pTRG, pathologic tumor regression grade; preop, preoperative; RFS, recurrence-free survival; TME, total mesorectal excision; TNM, tumor nodes metastases; TNT, total neo-
adjuvant treatment; TRG, tumor regression grade; VAF, variant allele frequency.

clinician’s choice if ypN—+. The primary endpoint is adjuvant
chemotherapy use. Two hundred and thirty patients have
been included to date. At a median follow-up of 37 months,
46% of patients in the ctDNA-guided group received
chemotherapy compared to 77% of patients in the standard
group. The 3-year RFS was 76% for the ctDNA-guided group
compared to 82% for the standard-of-care group.’’
Though ctDNA clearance alone does not seem strongly
correlated with pCR after NCRT, Wang et al. created a risk
model combining ctDNA and magnetic resonance imaging

10 https://doi.org/10.1016/j.esmogo.2024.100068

(MRI) to detect pCR. ctDNA was measured before NCRT, at
the 15th and the 25th fractions of NCRT, 0- 1 days before
surgery and 5-12 days after surgery. ctDNA clearance during
NCRT was associated with low probability of non-pCR. A risk
score predictive model combining both ctDNA and MRI
tumor regression grade (mrTRG) had a higher pCR/non-pCR
prediction performance compared with models derived
from only ctDNA or only mrTRG. The detection of potential
CRC driver gene mutations was associated with worse RFS
(HR 9.29). Patients who had detectable driver mutations
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and high-risk features after surgery had the highest recur-
rence risk (HR 90.29)°% (Table 3).

Based on these interesting preliminary results, ctDNA
could be a potent marker for a personalized treatment
approach to LARC.The role of ctDNA in predicting response to
neoadjuvant treatment could help in the future to achieve an
organ preservation strategy for the most suitable patients.

Resected metastatic colorectal cancer

Complete surgical resection of all metastatic sites remains
the cornerstone of a curative-intent approach to achieving
long-term survival.”® This approach combines surgical
resection and local ablation with perioperative systemic
chemotherapy and locoregional treatments in selected pa-
tients. Nevertheless, standard peri- and post-operative
chemotherapy has failed to increase OS in phase Il ran-
domized controlled trials, and disease recurrence occurs in
more than two-thirds of cases despite post-operative
chemotherapy.’®®*°? Several clinical risk scores have been
developed to predict the risk of recurrence in patients with
colorectal liver metastases (CRLM), but their accuracy in
helping to make individual treatment decisions remains
poor.*®*% Therefore, the current tools are insufficient to
properly select good candidates for a potentially curative
strategy for CRLM (and other metastatic sites) and a post-
operative oxaliplatin-based regimen seems unable to
improve OS in unselected patients.*%®

The clinical validity of ctDNA in detection of MRD after
curative-intent surgery in CRLM patients has been assessed
in several small-cohort studies, with different ctDNA
detection methods. During the post-operative period,
ctDNA remains present in 14%-80% of patients in the early
post-operative period and in 28%-44% after post-operative
chemotherapy™**'%1% (Table 4). A multicenter study
including 47 patients with mCRC who underwent resection
of metachronous or synchronous liver metastases and were
suitable for ctDNA monitoring reported the following re-
sults: 93% of patients who had an RO resection were ctDNA-
negative post-operatively, while all patients with R2 resec-
tion were ctDNA-positive. In this study, all patients with
positive ctDNA experienced disease recurrence™*’ (Table 4).
Several prospective studies confirmed the predictive value
of post-operative ctDNA for disease recurrence, with HRs
ranging from 4.9 to 13981114 (Taple 4).

Moreover, ctDNA status was able to detect recurrence
earlier than standard work-up using conventional surveil-
lance programs with a median interval of 9 months with a
positive predictive value of 100%"*>'*° (Table 4).

Two recent prospective cohorts, including 54 and 91
patients, respectively, showed that surgery can induce
ctDNA clearance in >50% of ctDNA-positive patients pre-
operatively (from 87%-88% to 31%-41%). Moreover, post-
adjuvant chemotherapy ctDNA status demonstrated, as
expected, a better correlation with post-operative recur-
rence compared to the early post-operative period, with 0%
5-year RFS in ctDNA-positive patients compared with 75.6%
in ctDNA-negative patients at the end of treatment (HR
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14.9)*1%° (Table 4). The relevance of ctDNA status in terms
of post-operative relapse has also been confirmed in 40
patients with solitary CRLM by Kobayashi et al.,**’
suggesting that ctDNA is an interesting selection tool for
surgery (Table 4). The quantitative aspect of ctDNA in terms
of median allele frequency assessed after curative resection
of CRLM has also been evaluated in one study and corre-
lated significantly with DFS in 134 patients''® (Table 4).

Beyond recurrence, the association between MRD and OS
represents a key point in terms of clinical benefit for pa-
tients with CRLM, mainly in the case of potentially resect-
able disease eligible for extensive surgery. A positive
correlation between negative ctDNA and OS was demon-
strated in some of these studies with a lower magnitude
effect compared to the correlation observed between
ctDNA and disease recurrence™******* (Table 4). A recent
meta-analysis including 2868 patients with mCRC under-
going locoregional treatments (including complete surgery,
local ablation, and cytoreductive surgery) confirmed the
predictive and prognostic value of pre-and/or post-opera-
tive ctDNA for both PFS and 0S.*?

However, no large study has directly compared ctDNA
baseline status and dynamic changes with other validated
prognostic markers (clinical, laboratory, radiological, and
pathological) in mCRC. Several large prospective ongoing
cohorts will assess in detail the added value of ctDNA in
potentially resectable mCRC (NCT05787197, NCT03189576,
NCT04704960, NCT04752930).

In addition to predicting disease recurrence and OS,
many other studies have tested the role of ctDNA in pre-
dicting response to neoadjuvant treatment in order to
select the patients most suitable for liver resection. More-
over, post-adjuvant treatment ctDNA could also predict
early disease recurrence. The PRODIGE-14 trial included 153
patients with mCRC with potentially resectable liver me-
tastases treated with chemotherapy. Circulating tumor cells
and ctDNA were assessed at inclusion, after 4 weeks of
treatment and before liver metastasis surgery. ctDNA
detection sensitivity at baseline was 91% and decreased
during treatment. Persistently detectable ctDNA at 4 weeks
was associated with a lower RO/R1 liver metastases resec-
tion rate’?® (Table 4). He et al. demonstrated that preop-
erative ctDNA was predictive of disease recurrence and that
no preoperative ctDNA was associated with prolonged
DFS™! (Table 4).

Tie et al. enrolled 61 patients with resectable CRC liver
metastases in a prospective two-arm cohort. Cohort 1 was
planned for liver resection followed by adjuvant chemo-
therapy for up to 6 months. Cohort 2 was planned to
receive neoadjuvant chemotherapy followed by liver
resection followed by 3-4 months of adjuvant chemo-
therapy. In cohort 2, there was a major decrease in ctDNA
during neoadjuvant chemotherapy, but no association with
better RFS. Positive ctDNA after surgery was associated with
worse RFS (HR 6.3) and OS (HR 4.2)*°® (Table 4).

All these trials reported the potential clinical utility of
ctDNA in guiding treatment decision making in resectable
mMCRC. By assessing the response to systemic treatment,
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Table 4. Clinical trials evaluating the role of ctDNA as a predictive and prognostic marker in fully resected

metastatic colorectal cancer

Trial ctDNA Sample Metastatic Objectives ctDNA Results
analysis size site detection
rate
Diehl et al.’”” BEAMING 18 — Role of ctDNA in disease — - The change in post-op ctDNA was correlated
monitoring with the extent of surgical resection

- Post-op ctDNA+ relapsed within 1 year

Schgler et al.** ddPCR 23 — Correlation between — 3 months post-op ctDNA+ was associated
post-op with high risk of relapse (HR 4.9)
ctDNA and risk of relapse

Benesovd et al.’'® PCR 47 Liver Correlation between Preop: 100% - 100% of recurrence within 7 months in
post-op Post-op: 7% (RO), case of post-op ctDNA+ in RO/R1 resected
ctDNA, resection rate, 57% (R1) and patients
and disease 100% (R2) - 100% of ctDNA+ in case of recurrence
recurrence

PRODIGE-14"2° ddPCR 153 Liver ctDNA correlation with Baseline: 91% - ctDNA+ at 4 weeks during preop
resection chemotherapy
rate and OS was associated with lower RO/R1 resection

- Preop ctDNA+ in RO/R1 was associated

with shorter OS
Boysen et al.'®®  ddPCR, 35 Liver CtDNA correlation with ~ 24% - 49% of patients with positive ctDNA
MassARRAY® Lung disease developed recurrence

recurrence after local - Post-op ctDNA+ status was correlated
therapy for with recurrence (HR 7.5)
lung/liver metastases

He et al.**! NGS 20 Liver Perioperative ctDNA Preop: 85% - Preop ctDNA predictive of relapse
correlation - Low preop ctDNA associated with
with tumor burden and prolonged PFS
disease
recurrence

Tie et al.'®® Safe-SeqS 61 Liver Prognostic impact of Baseline: 85% - Post-op ctDNA+ associated with worse
post-op ctDNA Post-op: 24.4% PFS (HR 6.3) and OS (HR 4.2)

- 0% 5-year RFS in end-of-treatment ctDNA+
versus 75.6% in ctDNA— (HR 14.9)

- ctDNA significantly decreased (40-fold)
during neoadjuvant chemo but was not
associated with RFS

Wang et al.™* NGS 91 Liver Clinical value of serial Baseline: 88.7% - Higher VAF in baseline ctDNA associated
ctDNA analysis (median VAF 21.42%)  with high tumor burden
in predicting clinical Post-op: 41% - ctDNA clearance associated with better
outcome (median VAF 0%) tumor response
Post-ACT: 44.9% - Post-op and post-ACT associated with
After progression: worse RFS
95.5% - Higher recurrence rate in post-op ctDNA
+ (79.4% versus 41.7%) and post-ACT
ctDNA+ (77.3% versus 40.7%)
- Decreased post-ACT VAF associated with
lower recurrence rate (63.6% versus 92.3%)
Bolhuis et al.*** ddPCR 23 Liver Association between Baseline: 78% - Post-op ctDNA was correlated with recurrence
CtDNA, Post-op: 26% (100% ctDNA+ versus 65% ctDNA—) and RFS
pathologic response, (4.8 months in ctDNA+ versus 12.1 months
and RFS in ctDNA—)

- Post-op ctDNA strongly correlated with
pathological response (100% post-op
ctDNA—had TRG 1-3)

- Post-op ctDNA (HR 3.3) and pathologic
non-response (HR 4.6) were associated
with poorer RFS

Loupakis et al.'**  Bespoke 112 Liver Ability of ctDNA Post-op: 54.4% - Post-op ctDNA was associated with DFS
multiple PCR, Lung to detect MRD (HR 5.8) and OS (HR 16.0)
NGS Peritoneum and association with - Post-op ctDNA was the most significant
Others DFS and OS prognostic factor associated with DFS (HR 5.78)
Kobayashi et al.'*” Guardant360® 40 Liver Correlation between Preop: 80% - Only one patient with preop ctDNA—
preop ctDNA had recurrence
and recurrence risk - Preop ctDNA+ was correlated with RFS
after surgery (HR 7.6) and OS (HR not available)
Nimeiri et al. ™ NGS 69 Liver Prognostic value of Post-op: 54% - MRD+ was associated with lower DFS
Lung CtDNA (HR 4.97) and OS (HR 27.05)
Peritoneum - ctDNA+ during follow-up was associated
Others with lower DFS (HR 8.78) and OS (HR 20.06)
Nishioka et al.'**  NGS 105 Liver Effect of co-mutation Post-op: 30% - Multiple liver metastases and co-mutated

of RAS and

TP53 on post-op ctDNA

RAS/TP53were independently associated
with post-op ctDNA

Continued
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Table 4. Continued

ctDNA analysis for
post-op prognosis
and guidance of
CT imaging

ddPCR 96 Liver Role of serial
ctDNA
analysis in
post-op
surveillance

@gaard et al.**®

Liu et al.**® NGS 134 Liver Role of post-op
ctDNA

to predict
survival and

recurrence

Trial ctDNA Sample Metastatic Objectives ctDNA Results
analysis size site detection
rate
and risk - Post-op ctDNA+ (HR 2.04) and extrahepatic
of recurrence disease (HR 2.45) were independently
associated with worse RFS
- ctDNA+ within 180 days was the only
independent factor for recurrence
Reinert et al.**® ddPCR 115 Liver Value of serial Preop: 86.4% - Stratification of patients at low and high

Post-op: 32.5% risk after surgery depending on ctDNA
(HR 7.6; HR 4.3 respectively), with a PPV
of 100%

- ctDNA+ was the only marker of relapse

after surgery

All patients with ctDNA+ relapsed versus

42.6% in ctDNA—

Recurrence diagnoses in patients with

undetermined CT were delayed by a

median 2.8 months

Post-op (HR 4.5) and post-ACT (H 8.4)

was associated with RFS (PPV 100%)

ctDNA growth rate significantly

correlated with poor OS (HR 1.6)

- 3.1 months median time to
radiologic recurrence

Post-op: 31.3% - Shorter DFS in ctDNA+ (HR 2.96)

- Shorter DFS in patients with higher

AFs (HR 1.98)

Longer DFS in ctDNA+ who received

adjuvant chemo for >2 months

(HR 0.377)

Preop: 97.6%
Post-op: 65%

ACT, adjuvant chemotherapy; AFs, allele frequencies; CT, computed tomography; ctDNA, circulating tumor DNA; ddPCR, droplet digital polymerase chain reaction; DFS, disease-
free survival; HR, hazard ratio; MRD, minimal residual disease; NGS, next-generation sequencing; OR, odds ratio; OS, overall survival; PFS, progression-free survival; post-op, post-
operative; PPV, positive predictive value; preop, preoperative; RFS, recurrence-free survival; TRG, tumor regression grade; VAF, variant allele frequency.

ctDNA could help to select patients for resection of me-
tastases. ctDNA after surgery could allow detection of MRD
and selection of patients for adjuvant treatment. In addi-
tion, serial ctDNA analyses after surgery and adjuvant
treatment could detect early disease recurrence with high
sensitivity compared with the standard surveillance
approach. Large randomized clinical trials should now be
conducted to validate these promising preliminary results.

CONCLUSIONS

Analysis of ctDNA is a revolutionary non-invasive approach
that has rapidly emerged and progressed to affect man-
agement of all types of cancer including CRC. Through all
the studies presented in this review, we can see that ctDNA
analysis has an important place in guiding the best thera-
peutic strategy for patients with resectable non-metastatic
CRC or mCRC. While the undeniable role of ctDNA as an
independent prognostic factor for RFS and OS seems clear,
its integration into the current treatment decision-making
process, alone or in combination with more usual labora-
tory and pathological criteria, remains to be fully defined.
The choice of method for detecting ctDNA is, however, a
very important issue that needs to be addressed and
tailored to each situation in the future, with the different
approaches having respective advantages and disadvan-
tages. These methods will thus need to be chosen
adequately for optimal management of our patients. Even
though ctDNA is not today the perfect tool for selecting
patients for optimal personalized treatment strategies, it

Volume 4 m Issue C m 2024

represents a major advance in this field. A very large
number of therapeutic trials are currently testing the added
value of ctDNA in our treatment decisions and should help
to answer these questions in the coming years.

DISCLOSURE

The authors have declared no conflicts of interest.

FUNDING

None declared.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424.

2. Argilés G, Tabernero J, Labianca R, et al. Localised colon cancer:
ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2020;31(10):1291-1305.

3. Benson ABIII, Schrag D, Somerfield MR, et al. American Society of
Clinical oncology recommendations on adjuvant chemotherapy for
stage Il colon cancer. J Clin Oncol. 2004;22(16):3408-3419.

4. Taieb J, Karoui M, Basile D. How | treat stage Il colon cancer patients.
ESMO Open. 2021;6(4):100184.

5. Taieb J, André T, Auclin E. Refining adjuvant therapy for non-
metastatic colon cancer, new standards and perspectives. Cancer
Treat Rev. 2019;75:1-11.

6. Castells A. Postoperative surveillance in nonmetastatic colorectal
cancer patients: yes, but. Ann Oncol. 2015;26(4):615-617.

https://doi.org/10.1016/j.esmogo.2024.100068 13



http://refhub.elsevier.com/S2949-8198(24)00029-3/sref1
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref1
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref1
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref1
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref2
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref2
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref2
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref3
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref3
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref3
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref4
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref4
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref5
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref5
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref5
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref6
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref6
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

14

. Li C, Bies R, Wang Y, et al. Comparative effects of CT imaging mea-

surement on RECIST end points and tumor growth kinetics modeling.
Clin Transl Sci. 2016;9:43-50.

. Goldstein MJ, Mitchell EP. Carcinoembryonic antigen in the staging

and follow-up of patients with colorectal cancer. Cancer Invest.
2005;23(4):338-351.

. Wood BL. Principles of minimal residual disease detection for he-

matopoietic neoplasms by flow cytometry. Cytometry B Clin Cytom.
2016;90B:47-53.

Fleischhacker M, Schmidt B. Circulating nucleic acids (CNAs) and
cancer—a survey. Biochim Biophys Acta. 2007;1775(1):181-232.
Wang F, Huang Y, Wu HX, et al. Genomic temporal heterogeneity of
circulating tumour DNA in unresectable metastatic colorectal cancer
under first-line treatment. Gut. 2022;71:1340-1349.

Scherer F. Capturing tumor heterogeneity and clonal evolution by
circulating tumor DNA profiling. Recent Results Cancer Res. 2020;215:
213-230.

Bachet J, Bouché O, Taieb J, et al. RAS mutation analysis in circulating
tumor DNA from patients with metastatic colorectal cancer: the
AGEO RASANC prospective multicenter study. Ann Oncol. 2018;29(5):
1211-12109.

Mas L, Bachet J-B, Taly V, et al. BRAF mutation status in circulating
tumor DNA from patients with metastatic colorectal cancer: extended
mutation analysis from the AGEO RASANC Study. Cancers.
2019;11(7):998.

Siravegna G, Mussolin B, Venesio T. How liquid biopsies can change
clinical practice in oncology. Ann Oncol. 2019;30(10):1580-1590.
Fleischhacker M, Schmidt B. Pre-analytical issues in liquid biopsy —
where do we stand? 2020;) Lab Med. 44(3):117-142.

Alix-Panabiere C, Taly V, Pantel K. Tietz Textbook of Clinical Chemistry
and Molecular Diagnostics. 7th ed.71. Elsevier; 2023. p. 984-1022.
Poulet G, Garlan F, Garrigou S, et al. Characterization of plasma cell-
free DNA integrity using droplet-based digital PCR: toward the
development of circulating tumor DNA-dedicated assays. Front Oncol.
2021;11:639675.

El Messaoudi S, Mouliere F, Du Manoir S. Circulating DNA as a strong
multimarker prognostic tool for metastatic colorectal cancer patient
management care. Clin Cancer Res. 2016;22(12):3067-3077.
Garrigou S, Perkins G, Garlan F, et al. A study of hypermethylated
circulating tumor DNA as a universal colorectal cancer biomarker. Clin
Chem. 2016;62(8):1129-1139.

Pascual J, Attard G, Bidard FC, et al. ESMO recommendations on the
use of circulating tumour DNA assays for patients with cancer: a
report from the ESMO Precision Medicine Working Group. Ann Oncol.
2022;33(8):750-768.

Zhao Y, Li Y, Chen P, Li S, Luo J, Xia H. Performance comparison of
blood collection tubes as liquid biopsy storage system for minimizing
cfDNA contamination from genomic DNA. J Clin Lab Anal. 2019;33(2):
e22670.

Boeckx N, Op de Beeck K, Beyens M, et al. Mutation and methylation
analysis of circulating tumor DNA can be used for follow-up of met-
astatic colorectal cancer patients. Clin Colorectal Cancer. 2018;17(2):
e369-e379.

Lee JS, Kim M, Seong MW, Kim HS, Lee YK, Kang HJ. Plasma vs. serum
in circulating tumor DNA measurement: characterization by DNA
fragment sizing and digital droplet polymerase chain reaction. Clin
Chem Lab Med. 2020;58(4):527-532.

Alese OB, Cook N, Ortega-Franco A, Ulanja MB, Tan L, Tie J. Circulating
tumor DNA: an emerging tool in gastrointestinal cancers. Am Soc Clin
Oncol Educ Book. 2022;42:1-20.

Duvvuri B, Lood C. Cell-free DNA as a biomarker in autoimmune
rheumatic diseases. Front Immunol. 2019;10:502.

Qi Y, Uchida T, Yamamoto M, et al. Perioperative elevation in cell-free
DNA levels in patients undergoing cardiac surgery: possible contri-
bution of neutrophil extracellular traps to perioperative renal
dysfunction. Anesthesiol Res Pract. 2016;2016:2794364.

Salzano A, Israr MZ, Garcia DF, et al. Circulating cell-free DNA levels
are associated with adverse outcomes in heart failure: testing liquid
biopsy in heart failure. Eur J Prev Cardiol. 2021;28(9):e28-e31.

https://doi.org/10.1016/j.esmogo.2024.100068

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45,

46.

47.

48.

49.

50.

51.

C. Soueidy et al.

Stawski R, Walczak K, Kosielski P, et al. Repeated bouts of exhaustive
exercise increase circulating cell free nuclear and mitochondrial DNA
without development of tolerance in healthy men. PLoS One.
2017;12(5):e0178216.

Lo YM, Corbetta N, Chamberlain PF, et al. Presence of fetal DNA in
maternal plasma and serum. Lancet. 1997;350(9076):485-487.
Nishimoto S, Fukuda D, Higashikuni Y, et al. Obesity-induced DNA
released from adipocytes stimulates chronic adipose tissue inflam-
mation and insulin resistance. Sci Adv. 2016;2(3):e1501332.
Henriksen TV, Reinert T, Christensen E, et al., IMPROVE Study Group.
The effect of surgical trauma on circulating free DNA levels in cancer
patients-implications for studies of circulating tumor DNA. Mol Oncol.
2020;14(8):1670-1679.

Chidharla A, Rapoport E, Agarwal K, et al. Circulating tumor DNA as a
minimal residual disease assessment and recurrence risk in patients
undergoing curative-intent resection with or without adjuvant
chemotherapy in colorectal cancer: a systematic review and meta-
analysis. Int J Mol Sci. 2023;24(12):10230.

Schgler LV, Reinert T, @rntoft MW, et al. Clinical implications of
monitoring circulating tumor DNA in patients with colorectal cancer.
Clin Cancer Res. 2017;23(18):5437-5445.

Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: current technology
and clinical applications. J Hematol Oncol. 2022;15(1):131.

Wan JCM, Mughal TlI, Razavi P, et al. Liquid biopsies for residual
disease and recurrence. Med. 2021;2(12):1292-1313.

Jet T, Gines G, Rondelez Y, Taly V. Advances in multiplexed techniques
for the detection and quantification of microRNAs. Chem Soc Rev.
2021;50(6):4141-4161.

Postel M, Roosen A, Laurent-Puig P, Taly V, Wang-Renault SF. Droplet-
based digital PCR and next generation sequencing for monitoring
circulating tumor DNA: a cancer diagnostic perspective. Expert Rev
Mol Diagn. 2018;18(1):7-17.

Trujillo-Arribas E, Macher HC, Jiménez-Arriscado P, et al. Screening of
KRAS mutation in Pre- and post-surgery serum of patients suffering from
colon cancer by COLD-PCR HRM. Adv Exp Med Biol. 2016;924:39-41.
Castellanos-Rizaldos E, Paweletz C, Song C, et al. Enhanced ratio of
signals enables digital mutation scanning for rare allele detection.
J Mol Diagn. 2015;17(3):284-292.

Roberto TM, Jorge MA, Francisco GV, Noelia T, Pilar RG, Andrés C.
Strategies for improving detection of circulating tumor DNA using
next generation sequencing. Cancer Treat Rev. 2023;119:102595.
Kinde 1, Wu J, Papadopoulos N, Kinzler KW, Vogelstein B. Detection
and quantification of rare mutations with massively parallel
sequencing. Proc Natl Acad Sci U S A. 2011;108(23):9530-9535.
Forshew T, Murtaza M, Parkinson C, et al. Noninvasive identification
and monitoring of cancer mutations by targeted deep sequencing of
plasma DNA. Sci Transl Med. 2012;4(136):136ra68.

Newman AM, Bratman SV, To J, et al. An ultrasensitive method for
quantitating circulating tumor DNA with broad patient coverage. Nat
Med. 2014;20(5):548-554.

Kennedy SR, Schmitt MW, Fox EJ, et al. Detecting ultralow-frequency
mutations by duplex sequencing. Nat Protoc. 2014;9(11):2586-2606.
Chaudhuri AA, Chabon JJ, Lovejoy AF, et al. Early detection of mo-
lecular residual disease in localized lung cancer by circulating tumor
DNA profiling. Cancer Discov. 2017;7(12):1394-1403.

Pécuchet N, Rozenholc Y, Zonta E, et al. Analysis of base-position
error rate of next-generation sequencing to detect tumor muta-
tions in circulating DNA. Clin Chem. 2016;62(11):1492-1503.
Newman AM, Lovejoy AF, Klass DM, et al. Integrated digital error
suppression for improved detection of circulating tumor DNA. Nat
Biotechnol. 2016;34(5):547-555.

Wan JCM, Heider K, Gale D, et al. ctDNA monitoring using patient-
specific sequencing and integration of variant reads. Sci Trans/
Med. 2020;12(548):eaaz8084.

Zviran A, Schulman RC, Shah M, et al. Genome-wide cell-free DNA
mutational integration enables ultra-sensitive cancer monitoring. Nat
Med. 2020;26(7):1114-1124.

Jensen S@, @gaard N, @rntoft MW, et al. Novel DNA methylation
biomarkers show high sensitivity and specificity for blood-based

Volume 4 m Issue C m 2024


http://refhub.elsevier.com/S2949-8198(24)00029-3/sref7
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref7
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref7
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref8
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref8
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref8
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref9
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref9
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref9
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref10
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref10
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref10
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref11
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref11
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref11
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref12
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref12
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref12
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref13
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref13
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref13
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref13
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref14
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref14
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref14
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref14
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref15
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref15
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref17
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref17
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref18
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref18
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref18
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref18
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref19
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref19
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref19
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref20
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref20
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref20
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref21
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref21
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref21
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref21
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref22
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref22
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref22
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref22
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref23
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref23
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref23
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref23
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref24
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref24
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref24
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref24
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref25
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref25
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref25
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref26
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref26
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref27
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref27
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref27
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref27
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref28
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref28
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref28
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref29
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref29
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref29
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref29
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref30
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref30
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref31
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref31
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref31
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref32
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref32
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref32
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref32
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref33
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref33
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref33
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref33
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref33
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref34
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref34
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref34
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref35
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref35
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref36
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref36
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref37
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref37
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref37
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref38
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref38
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref38
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref38
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref39
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref39
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref39
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref40
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref40
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref40
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref41
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref41
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref41
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref42
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref42
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref42
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref43
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref43
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref43
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref44
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref44
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref44
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref45
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref45
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref46
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref46
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref46
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref47
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref47
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref47
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref48
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref48
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref48
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref49
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref49
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref49
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref50
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref50
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref50
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref51
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref51
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068

C. Soueidy et al.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

detection of colorectal cancer—a clinical biomarker discovery and
validation study. Clin Epigenetics. 2019;11(1):158.

Luo H, Wei W, Ye Z, Zheng J, Xu RH. Liquid biopsy of methylation
biomarkers in cell-free DNA. Trends Mol Med. 2021;27(5):482-500.
Vessies DCL, Schuurbiers MMF, van der Noort V, et al. Combining
variant detection and fragment length analysis improves detection of
minimal residual disease in postsurgery circulating tumour DNA of
stage II-1lIA NSCLC patients. Mol Oncol. 2022;16(14):2719-2732.
Mathios D, Johansen JS, Cristiano S, et al. Detection and character-
ization of lung cancer using cell-free DNA fragmentomes. Nat Com-
mun. 2021;12(1):5060.

Wang S, Xia Z, You J, et al. Enhanced detection of landmark minimal
residual disease in lung cancer using cell-free DNA fragmentomics.
Cancer Res Commun. 2023;3(5):933-942.

Reinert T, Henriksen TV, Christensen E, et al. Analysis of plasma cell-
free DNA by ultradeep sequencing in patients with stages | to IlI
colorectal cancer. JAMA Oncol. 2019;5(8):1124.

Benhaim L, Bouché O, Normand C, et al. Circulating tumor DNA is a
prognostic marker of tumor recurrence in stage Il and Ill colorectal
cancer: multicentric, prospective cohort study (ALGECOLS). Eur J
Cancer. 2021;159:24-33.

Tarazona N, Henriksen TV, Carbonell-Asins JA, et al. Circulating tumor
DNA to detect minimal residual disease, response to adjuvant ther-
apy, and identify patients at high risk of recurrence in patients with
stage I-Ill CRC. J Clin Oncol. 2020;38(suppl 15):4009.

Wang Y, Li L, Cohen JD, et al. Prognostic potential of circulating tumor
DNA measurement in postoperative surveillance of nonmetastatic
colorectal cancer. JAMA Oncol. 2019;5(8):1118.

Mo S, Ye L, Wang D, et al. Early detection of molecular residual dis-
ease and risk stratification for stage | to Ill colorectal cancer via
circulating tumor DNA methylation. JAMA Oncol. 2023;9:770-778.
Tie J, Wang Y, Tomasetti C, et al. Circulating tumor DNA analysis de-
tects minimal residual disease and predicts recurrence in patients
with stage Il colon cancer. Sci Transl Med. 2016;8(346):346ra92.

Tie J, Cohen JD, Wang Y, et al. Circulating tumor DNA analyses as
markers of recurrence risk and benefit of adjuvant therapy for stage
Il colon cancer. JAMA Oncol. 2019;5(12):1710.

Henriksen TV, Tarazona N, Frydendahl A, et al. Circulating tumor DNA
in stage Il colorectal cancer, beyond minimal residual disease
detection, toward assessment of adjuvant therapy efficacy and clin-
ical behavior of recurrences. Clin Cancer Res. 2022;28(3):507-517.
Grancher A, Beaussire L, Manfredi S, et al. Postoperative circulating
tumor DNA detection is associated with the risk of recurrence in
patients resected for a stage Il colorectal cancer. Front Oncol.
2022;12:973167.

Fan X, Zhang J, Lu D. CtDNA’s prognostic value in patients with early-
stage colorectal cancer after surgery: a meta-analysis and systematic
review. Medicine. 2023;102(6):e32939.

Faulkner LG, Howells LM, Pepper C, Shaw JA, Thomas AL. The utility of
ctDNA in detecting minimal residual disease following curative sur-
gery in colorectal cancer: a systematic review and meta-analysis. Br J
Cancer. 2022;128(2):297-309.

Taieb J, Taly V, Henriques J, et al. Prognostic value and relation with
adjuvant treatment duration of ctDNA in stage Il colon cancer: a post
hoc analysis of the PRODIGE-GERCOR IDEA-France trial. Clin Cancer
Res. 2021;27(20):5638-5646.

Tie J, Cohen JD, Lahouel K, et al. Circulating tumor DNA analysis
guiding adjuvant therapy in stage Il colon cancer. N Engl J Med.
2022;386(24):2261-2272.

Anandappa G, Starling N, Begum R, et al. Minimal residual disease
(MRD) detection with circulating tumor DNA (ctDNA) from person-
alized assays in stage II-1ll colorectal cancer patients in a U.K. multi-
center prospective study (TRACC). J Clin Oncol. 2021;39(suppl 3):102.
Slater S, Bryant A, Chen HC, et al. ctDNA guided adjuvant chemo-
therapy versus standard of care adjuvant chemotherapy after curative
surgery in patients with high risk stage Il or stage Ill colorectal cancer:
a multi-centre, prospective, randomised control trial (TRACC Part C).
BMC Cancer. 2023;23(1):257.

Volume 4 m Issue C m 2024

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Schraa SJ, van Rooijen KL, van der Kruijssen DEW, et al. Circulating
tumor DNA guided adjuvant chemotherapy in stage Il colon cancer
(MEDOCC-CrEATE): study protocol for a trial within a cohort study.
BMC Cancer. 2020;20(1):790.

Morris VK, Yothers G, Kopetz S, et al. NRG-GI005 (COBRA): phase II/IlI
study of circulating tumor DNA as a predictive biomarker in adjuvant
chemotherapy in patients with stage Il colon cancer. J Clin Oncol.
2020;38(suppl 4):TPS261.

Folprecht G, Reinacher-Schick A, Tannapfel A, et al. Circulating tumor
DNA-based decision for adjuvant treatment in colon cancer stage Il
evaluation:  (CIRCULATE-trial) AlIO-KRK-0217. J Clin  Oncol.
2020;38(suppl 4):TPS273.

Taieb J, Benhaim L, Laurent Puig P, et al. Decision for adjuvant
treatment in stage Il colon cancer based on circulating tumor DNA:
the CIRCULATE-PRODIGE 70 trial. Dig Liver Dis. 2020;52(7):730-733.
Lonardi S, Montagut C, Pietrantonio F, et al. The PEGASUS trial: post-
surgical liquid biopsy-guided treatment of stage Ill and high-risk stage
Il colon cancer patients. J Clin Oncol. 2020;38(suppl 15):TPS4124.
Lonardi S, Pietrantonio F, Tarazona Llavero N, et al. Abstract LBA28:
the PEGASUS trial: post-surgical liquid biopsy-guided treatment of
stage Ill and high-risk stage Il colon patients with cancer. Ann Oncol.
2023;34(S2):51268-51269.

Taniguchi H, Nakamura Y, Kotani D, et al. CIRCULATE-Japan: circu-
lating tumor DNA—guided adaptive platform trials to refine adjuvant
therapy for colorectal cancer. Cancer Sci. 2021;112(7):2915-2920.
Kotani D, Oki E, Nakamura Y, et al. Molecular residual disease and
efficacy of adjuvant chemotherapy in patients with colorectal cancer.
Nat Med. 2023;29(1):127-134.

Oki E, Kotani D, Nakamura Y, et al. Circulating tumor DNA dynamics as
an early predictor of recurrence in patients with radically resected
colorectal cancer: updated results from GALAXY study in the CIRCU-
LATE-Japan. J Clin Oncol. 2023;41(suppl 16):3521.

ASCO Gastrointestinal Cancers Symposium. GALAXY: ctDNA negativity
linked to improved DFS in resectable colorectal cancer. ASCO Daily
News; 2024.

Exploiting circulating tumour DNA to intensify the postoperative
treatment resected colon cancer patients. ClinicalTrials.gov identifier:
NCT05062889. 2024. https://clinicaltrials.gov/ct2/show/NCT050628
89. Accessed May 21, 2024.

Pappas L, Yaeger R, Kasi PM, et al. Early identification and treatment
of occult metastatic disease in stage lll colon cancer (SU2C ACT3
clinical trial). J Clinical Oncol. 2024;42:148.

Nors J, Henriksen TV, Gotschalck KA, et al. IMPROVE-IT2: imple-
menting noninvasive circulating tumor DNA analysis to optimize the
operative and postoperative treatment for patients with colorectal
cancer — intervention trial 2. Study protocol. Acta Oncol. 2020;59(3):
336-341.

Kasi PM, Sawyer S, Guilford J, et al. BESPOKE study protocol: a
multicentre, prospective observational study to evaluate the impact
of circulating tumour DNA guided therapy on patients with colorectal
cancer. BMJ Open. 2021;11(9):e047831.

Kasi PM, Aushev VN, Ensor J, et al. Circulating tumor DNA (ctDNA) for
informing adjuvant chemotherapy (ACT) in stage II/lll colorectal
cancer (CRC): interim analysis of BESPOKE CRC study. J Clin Oncol.
2024;42:9.

Glynne-Jones R, Wyrwicz L, Tiret E, et al. ESMO Guidelines Commit-
tee. Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2017;28(suppl 4):iv22-iv40.
Bahadoer RR, Dijkstra EA, van Etten B, et al. Short-course radiotherapy
followed by chemotherapy before total mesorectal excision (TME)
versus preoperative chemoradiotherapy, TME, and optional adjuvant
chemotherapy in locally advanced rectal cancer (RAPIDO): a rando-
mised, open-label, phase 3 trial. Lancet Oncol. 2021;22(1):29-42.
Conroy T, Bosset JF, Etienne PL, et al. Neoadjuvant chemotherapy
with FOLFIRINOX and preoperative chemoradiotherapy for patients
with locally advanced rectal cancer (UNICANCER-PRODIGE 23): a
multicentre, randomised, open-label, phase 3 trial. Lancet Oncol.
2021;22(5):702-715.

https://doi.org/10.1016/j.esmogo.2024.100068 15


http://refhub.elsevier.com/S2949-8198(24)00029-3/sref51
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref51
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref51
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref52
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref52
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref53
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref53
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref53
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref53
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref54
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref54
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref54
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref55
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref55
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref55
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref56
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref56
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref56
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref57
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref57
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref57
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref57
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref58
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref58
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref58
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref58
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref59
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref59
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref59
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref60
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref60
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref60
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref61
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref61
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref61
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref62
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref62
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref62
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref63
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref63
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref63
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref63
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref64
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref64
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref64
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref64
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref65
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref65
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref65
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref66
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref66
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref66
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref66
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref67
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref67
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref67
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref67
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref68
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref68
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref68
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref69
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref69
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref69
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref69
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref70
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref70
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref70
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref70
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref70
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref71
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref71
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref71
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref71
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref72
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref72
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref72
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref72
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref73
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref73
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref73
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref73
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref74
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref74
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref74
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref75
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref75
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref75
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref76
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref76
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref76
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref76
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref77
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref77
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref77
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref77
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref78
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref78
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref78
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref79
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref79
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref79
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref79
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref80
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref80
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref80
https://clinicaltrials.gov/ct2/show/NCT05062889
https://clinicaltrials.gov/ct2/show/NCT05062889
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref82
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref82
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref82
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref83
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref84
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref84
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref84
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref84
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref85
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref85
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref85
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref85
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref86
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref86
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref86
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref87
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref87
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref87
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref87
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref87
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref88
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref88
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref88
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref88
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref88
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

16

Conroy T, Etienne PL, Rio E, et al. Total neoadjuvant therapy with
mFOLFIRINOX versus preoperative chemoradiation in patients with
locally advanced rectal cancer: 7-year results of PRODIGE 23 phase Ill
trial, a UNICANCER Gl trial. J Clin Oncol. 2023;41(suppl 17):LBA3504.
Appelt AL, Andersen RF, Lindebjerg J, Jakobsen A. Prognostic value of
serum NPY hypermethylation in neoadjuvant chemoradiotherapy for
rectal cancer. Am J Clin Oncol. 2019;43(1):9-13.

Pazdirek F, Minarik M, Benesova L, et al. Monitoring of early changes
of circulating tumor DNA in the plasma of rectal cancer patients
receiving neoadjuvant concomitant chemoradiotherapy: evaluation
for prognosis and prediction of therapeutic response. Front Oncol.
2020;10:1028.

Murahashi S, Akiyoshi T, Sano T, et al. Serial circulating tumour DNA
analysis for locally advanced rectal cancer treated with preoperative
therapy: prediction of pathological response and postoperative
recurrence. Br J Cancer. 2020;123(5):803-810.

McDuff SGR, Hardiman KM, Ulintz PJ, et al. Circulating tumor DNA
predicts pathologic and clinical outcomes following neoadjuvant
chemoradiation and surgery for patients with locally advanced rectal
cancer. JCO Precis Oncol. 2021;5:123-132.

Zhou J, Wang C, Lin G, et al. Serial circulating tumor DNA in predicting
and monitoring the effect of neoadjuvant chemoradiotherapy in
patients with rectal cancer: a prospective multicenter study. Clin
Cancer Res. 2021;27(1):301-310.

Vidal J, Casadevall D, Bellosillo B, et al. Clinical impact of presurgery
circulating tumor DNA after total neoadjuvant treatment in locally
advanced rectal cancer: a biomarker study from the GEMCAD 1402
trial. Clini Cancer Res. 2021;27(10):2890-2898.

Tie J, Cohen JD, Wang Y, et al. Serial circulating tumour DNA analysis
during multimodality treatment of locally advanced rectal cancer: a
prospective biomarker study. Gut. 2018;68(4):663-671.

Tie J, Cohen JD, Wang Y, et al. Circulating tumor DNA analysis informing
adjuvant chemotherapy in locally advanced rectal cancer: the ran-
domized AGITG DYNAMIC-Rectal study. J Clin Oncol. 2024;42:12.
Wang Y, Yang L, Bao H, et al. Utility of ctDNA in predicting response to
neoadjuvant chemoradiotherapy and prognosis assessment in locally
advanced rectal cancer: a prospective cohort study. PLoS Med.
2021;18(8):e1003741.

Cervantes A, Adam R, Roselld S, et al. ESMO Guidelines Committee.
Metastatic colorectal cancer: ESMO Clinical Practice Guideline for
diagnosis, treatment and follow-up. Ann Oncol. 2023;34(1):10-32.
Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative FOLFOX4
chemotherapy and surgery versus surgery alone for resectable liver
metastases from colorectal cancer (EORTC 40983): long-term results
of a randomised, controlled, phase 3 trial. Lancet Oncol. 2013;14(12):
1208-1215.

Primrose J, Falk S, Finch-Jones M, et al. Systemic chemotherapy with
or without cetuximab in patients with resectable colorectal liver
metastasis: the New EPOC randomised controlled trial. Lancet Oncol.
2014;15(6):601-611.

Mitry E, Rollot F, Jooste V, et al. Improvement in survival of meta-
static colorectal cancer: are the benefits of clinical trials reproduced
in population-based studies? Eur J Cancer. 2013;49(13):2919-2925.
Nordlinger B, Guiguet M, Vaillant JC, et al. Surgical resection of
colorectal carcinoma metastases to the liver: a prognostic scoring
system to improve case selection, based on 1568 patients. Cancer.
1996;77(7):1254-1262.

Fong Y, Saldinger PF, Akhurst T, et al. Utility of 18F-FDG positron
emission tomography scanning on selection of patients for resection
of hepatic colorectal metastases. Am J Sur. 1999;178(4):282-287.
Schreckenbach T, Zeller MV, El Youzouri H, Bechstein WO, Woeste G.
Identification of factors predictive of postoperative morbidity and
short-term mortality in older patients after colorectal carcinoma

https://doi.org/10.1016/j.esmogo.2024.100068

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

C. Soueidy et al.

resection: a single-center retrospective study. J Geriatric Oncol.
2018;9(6):649-658.

Aykut B, Lidsky ME. Colorectal cancer liver metastases: multimodal
therapy. Surg Oncol Clin N Am. 2023;32(1):119-141.

Diehl F, Schmidt K, Choti MA, et al. Circulating mutant DNA to assess
tumor dynamics. Nat Med. 2008;14(9):985-990.

Boysen AK, Pallisgaard N, Andersen CSA, Spindler KLG. Circulating
tumor DNA as a marker of minimal residual disease following local
treatment of metastases from colorectal cancer. Acta Oncol.
2020;59(12):1424-1429.

Tie J, Wang Y, Cohen J, et al. Circulating tumor DNA dynamics and
recurrence risk in patients undergoing curative intent resection of
colorectal cancer liver metastases: a prospective cohort study. PLoS
Med. 2021;18(5):e1003620.

Benesova L, Halkova T, Ptackova R, et al. Significance of postoperative
follow-up of patients with metastatic colorectal cancer using
circulating tumor DNA. World J Gastroenterol. 2019;25(48):6939-
6948.

Bolhuis K, van’t Erve |, Mijnals C, et al. Postoperative circulating
tumour DNA is associated with pathologic response and recurrence-
free survival after resection of colorectal cancer liver metastases.
EBioMedicine. 2021;7:103498.

Loupakis F, Sharma S, Derouazi M, et al. Detection of molecular re-
sidual disease using personalized circulating tumor DNA assay in
patients with colorectal cancer undergoing resection of metastases.
JCO Precis Oncol. 2021;5:1166-1177.

Nimeiri H, Young A, Madison R, et al. Comprehensive genomic
profiling (CGP)-informed personalized molecular residual disease
(MRD) detection: an exploratory analysis from the PREDATOR study
of metastatic colorectal cancer (mCRC) patients undergoing surgical
resection. J Clin Oncol. 2022;40(suppl 4):187.

Nishioka Y, Chun YS, Overman MJ, et al. Effect of co-mutation of RAS
and TP53 on postoperative ctDNA detection and early recurrence
after hepatectomy for colorectal liver metastases. J Am Coll Surg.
2022;234(4):474-483.

Reinert T, Petersen LMS, Henriksen TV, et al. Circulating tumor DNA
for prognosis assessment and postoperative management after
curative-intent resection of colorectal liver metastases. Int J Cancer.
2022;150(9):1537-1548.

@gaard N, Reinert T, Henriksen TV, et al. Tumour-agnostic circulating
tumour DNA analysis for improved recurrence surveillance after
resection of colorectal liver metastases: a prospective cohort study.
Eur J Cancer. 2022;163:163-176.

Kobayashi S, Nakamura Y, Taniguchi H, et al. Impact of preoperative
circulating tumor DNA status on survival outcomes after hepatectomy
for resectable colorectal liver metastases. Ann Surg Oncol. 2021;28(8):
4744-4755.

Liu W, Jin KM, Zhang MH, et al. Recurrence prediction by circulating
tumor DNA in the patient with colorectal liver metastases after
hepatectomy: a prospective biomarker study. Ann Surg Oncol.
2023;30(8):4916-4926.

Callesen LB, Takacova T, Hamfjord J, et al. Circulating DNA in patients
undergoing loco-regional treatment of colorectal cancer metastases:
a systematic review and meta-analysis. Ther Adv Med Oncol. 2022;14:
175883592211331.

Bidard FC, Kiavue N, Ychou M, et al. Circulating tumor cells and
circulating tumor DNA detection in potentially resectable metastatic
colorectal cancer: a prospective ancillary study to the unicancer
prodige-14 trial. Cells. 2019;8(6):516.

He Y, Ma X, Chen K, et al. Perioperative circulating tumor DNA in
colorectal liver metastases: concordance with metastatic tissue and
predictive value for tumor burden and prognosis. Cancer Manag Res.
2020;12:1621-1630.

Volume 4 m Issue C m 2024


http://refhub.elsevier.com/S2949-8198(24)00029-3/sref89
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref89
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref89
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref89
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref90
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref90
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref90
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref91
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref91
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref91
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref91
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref91
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref92
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref92
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref92
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref92
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref93
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref93
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref93
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref93
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref94
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref94
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref94
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref94
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref95
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref95
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref95
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref95
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref96
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref96
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref96
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref97
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref97
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref97
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref98
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref98
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref98
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref98
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref99
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref99
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref99
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref100
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref100
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref100
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref100
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref100
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref101
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref101
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref101
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref101
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref102
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref102
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref102
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref103
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref103
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref103
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref103
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref104
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref104
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref104
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref105
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref105
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref105
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref105
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref105
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref106
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref106
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref107
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref107
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref108
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref108
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref108
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref108
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref109
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref109
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref109
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref109
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref110
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref111
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref111
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref111
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref111
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref112
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref112
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref112
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref112
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref113
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref113
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref113
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref113
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref113
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref114
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref114
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref114
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref114
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref115
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref115
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref115
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref115
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref116
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref116
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref116
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref116
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref117
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref117
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref117
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref117
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref118
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref118
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref118
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref118
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref119
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref119
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref119
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref119
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref120
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref120
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref120
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref120
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref121
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref121
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref121
http://refhub.elsevier.com/S2949-8198(24)00029-3/sref121
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068
https://doi.org/10.1016/j.esmogo.2024.100068

	Clinical impact of circulating tumor DNA to track minimal residual disease in colorectal cancer patients. Hopes and limitations
	Introduction
	Circulating tumor DNA
	Circulating tumor DNA to predict recurrence after curative surgery and guide adjuvant therapy
	Non-metastatic colon cancer
	Non-metastatic rectal cancer
	Resected metastatic colorectal cancer

	Conclusions
	Disclosure
	Funding
	References


