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Background: The prognostic role of circulating tumor DNA (ctDNA)-based molecular residual disease (MRD) detection
and its utility for postsurgical risk stratification has been reported in colorectal cancer. In this study, we explored the use
of ctDNA-based MRD detection in patients with colorectal liver metastases (CLM), for whom the survival benefit of
adjuvant chemotherapy (ACT) after surgical resection remains unclear.
Methods: Patients with CLM without extrahepatic disease from the GALAXY study (UMIN000039205) were included.
The disease-free survival (DFS) benefit of ACT was evaluated in MRD-positive and -negative groups after adjusting
for age, gender, number, and size of liver metastases, RAS status, and previous history of oxaliplatin for primary
cancer. ctDNA was detected using a personalized, tumor-informed 16-plex polymerase chain reaction-next-
generation sequencing (mPCR-NGS) assay. ctDNA-based MRD status was evaluated 2-10 weeks after curative
surgery, before the start of ACT.
Results: Among 6061 patients registered in GALAXY, 190 surgically resected CLM patients without any preoperative
chemotherapy were included with a median follow-up of 24 months (1-48 months). ctDNA positivity in the MRD
window was 32.1% (61/190). ACT was administered to 25.1% (48/190) of patients. In the MRD-positive group, 24-
month DFS was higher for patients treated with ACT [33.3% versus not reached, adjusted hazard ratio (HR): 0.07, P
< 0.0001]; whereas no benefit of ACT was seen in the MRD-negative group (24-month DFS: 72.3% versus 62.2%,
adjusted HR: 0.68, P ¼ 0.371). Multivariate analysis showed that the size of liver metastases (HR: 3.94, P ¼ 0.031)
was prognostic of DFS in the MRD-positive group. In the MRD-negative group, however, none of the
clinicopathological factors were prognostic of DFS.
Conclusions: Our data suggest that ACT may offer notable clinical benefits in MRD-positive patients with CLM. MRD
status-based risk stratification could be potentially incorporated in future clinical trials for CLM.
Key words: colorectal liver metastases, adjuvant chemotherapy, prognostic biomarker, disease-free survival, circulating
tumor DNA
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INTRODUCTION institutional review board of the National Cancer Center
Colorectal liver metastases (CLM) are observed in approxi-
mately one-third of all patients with colorectal cancer
(CRC).1,2 Although surgical resection can be curative,
approximately two-thirds of patients with CLM experience
recurrence despite hepatectomy.3

The benefit of adjuvant chemotherapy (ACT) for patients
with CLM remains controversial. Several studies evaluating
the efficacy of ACT in resected CLM patients showed some
benefit of ACT in improving disease-free survival (DFS)
compared with surgery alone, however, statistically signifi-
cant overall survival (OS) benefits were not consistently
observed.4-9 For example, the phase III JCOG0603 trial,
which aimed to confirm the superiority of mFOLFOX6 after
liver resection in patients with CLM, showed that while
adjuvant mFOLFOX6 conferred a DFS benefit, OS was almost
identical between mFOLFOX6 and observation groups.10

Therefore, new biomarkers to identify a subgroup of pa-
tients who are likely to benefit from ACT are needed.

Several groups have recently reported the utility of
circulating tumor DNA (ctDNA) as a sensitive and specific
biomarker for detection of minimal/molecular residual dis-
ease (MRD) and predictor of recurrent risk across several
solid tumor types.11-16 Particularly in CRC, several pro-
spective studies have demonstrated the prognostic signifi-
cance of ctDNA-positivity. Among them, the GALAXY study
within the CIRCULATE-Japan platform trial, the largest
ctDNA observational cohort in CRC, demonstrated in an
interim analysis that ctDNA positivity was strongly associ-
ated with DFS across all stages in resectable CRC.17 Addi-
tionally, high-risk stage II and stage III CRC patients with
postsurgical MRD positivity were observed to benefit
significantly from ACT, while ctDNA-negative patients did
not. Although several recent reports demonstrate ctDNA to
be a strong biomarker in surgically resected CLM as well,18-25

the association between MRD status and the benefit of ACT
has never been assessed in this setting. In this study, the
benefit of ACT based on MRD status was assessed using data
collected in patients with CLM as part of the GALAXY study
of CIRCULATE-Japan.
METHODS

GALAXY study design and patient selection

The GALAXY study is a prospective large-scale nationwide
registry to monitor ctDNA status for patients with clinical
stage II-IV CRC who planned curative surgical resection. It
serves to screen patients for assignment to one of the two
randomized ctDNA-guided interventional phase III trials
within the CIRCULATE-Japan platform: ALTAIR (treatment
escalation) and VEGA (treatment de-escalation).17 The
study design, eligibility criteria, and endpoints have been
previously published.17 Blood samples were collected at 4,
12, 24, 36, 48, 72, and 96 weeks after surgery until recur-
rence. Computed tomography (CT) imaging was carried out
every 6months after surgery. All participants provided
written informed consent. This study was approved by the
1016 https://doi.org/10.1016/j.annonc.2024.08.2240
Japan and authorized by the head of each participating
institution. The study is registered in the Japan Registry of
Clinical Trials (UMIN000039205) and was conducted in
accordance with the Declaration of Helsinki.

In this retrospective subset analysis, patients with surgi-
cally resected CLM from the GALAXY study with ctDNA
status available between 2 to 10 weeks after curative-intent
hepatectomy were included. Patients with extrahepatic
metastases, those treated with neoadjuvant therapy, and
those enrolled in associated interventional phase II/III trials
in the CIRCULATE-Japan platform (ALTAIR, VEGA, and
FANTASTIC) were excluded from the analysis.26,27

Tumor-informed ctDNA testing

A clinically validated, personalized, tumor-informed 16-plex
polymerase chain reaction (mPCR)-next-generation
sequencing (NGS) assay (Signatera�; Natera, Inc., Austin,
Texas, USA) was used for the detection and quantification
of ctDNA in blood samples as previously described.17 Briefly,
formalin-fixed, paraffin-embedded tumor tissue from sur-
gical resection or biopsy samples and matched normal DNA
extracted from peripheral blood samples were processed
for whole-exome sequencing to identify and track up to 16
patient- and tumor-specific somatic single nucleotide vari-
ants in the associated patient’s plasma using a multiplex
PCR-based NGS approach.13 Cell-free DNA was extracted
from patient plasma (median 9.6 ml, range 3.0-12.2 ml) at a
given time point and was used to detect ctDNA. Plasma
samples with at least two tumor-specific variants detected
above a pre-defined threshold were defined as ctDNA
positive. ctDNA concentration was reported as mean tumor
molecules/ml of plasma.

Statistical analyses

In this ancillary analysis, benefit of ACT on DFS was assessed
according to MRD status in patients with resected CLM. DFS
was defined as the time between the date of landmark and
the date of diagnosis with recurrence or death due to any
cause or the latest radiological assessment. Recurrence was
determined based on diagnostic imaging or any other
diagnostic procedure if imaging was not confirmative (e.g.
colonoscopy to diagnose local recurrence). The chi-square
test was used to compare categorical variables, while
Fisher’s exact test was used to compare the proportion of
DFS or OS in specified times during patient follow-up. To
control for multiple hypothesis testing, we applied the
Bonferroni correction to the P values obtained from the chi-
square and Fisher’s exact tests conducted in our study.
Survival analyses were carried out using R software v4.4.0
using packages survival, survminer and coxphf. The Kaplane
Meier method was used to estimate the survival distribu-
tion. Differences between the groups were tested using the
log-rank test. A multivariable Cox proportional hazards
model was used to assess prognostic factors associated with
DFS (coxph and cox.zph). Major hepatectomy was defined
as the resection of at least three Couinaud hepatic
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segments, whereas minor hepatectomy was defined as the
resection of fewer than three such segments. Presence of
post-operative complication was defined as ClavieneDindo
II or greater.

The MRD window was defined as 2-10 weeks after sur-
gery before the start of any adjuvant therapy; MRD analyses
were landmarked at the date of MRD time point to account
for immortal time bias. The surveillance window was
defined as the time from 4 weeks after ACT or the end of
the MRD window if the patient had no ACT, until the last
follow-up or recurrence. The surveillance analyses were
landmarked at 10 weeks after surgery. Regarding analysis of
ctDNA clearance, Cox regression was used to compare cu-
mulative incidence function differences between the ACT
and observation groups, was landmarked at 2 months after
surgery, and was adjusted for age (<70 or >70 years), sex,
RAS status (wild versus mutant), size (<50 mm versus �50
mm), and number of liver metastases (1 versus �2), history
of oxaliplatin, and synchronicity (synchronous versus
metachronous). ctDNA clearance at 3- or 6-months analyses
in ACT-treated patients were landmarked from the dates of
blood collection at 3 month and 6 month time points,
respectively. Blood was collected for 3- and 6-month time
points between 70-112 days and 160-200 days after surgery,
respectively. P values < 0.05 were considered statistically
significant.

RESULTS

Patient characteristics

Of 6061 patients enrolled in the GALAXY study between
May 2020 and July 2024, 190 patients with CLM and no
6061 patients enrolled between 

190 Patients with colorectal liver metastases (CLM) without ex

MRD window DFS
analysis cohort (N = 189)

(n = 1)
before to the MRD time point

Excluded (N = 1)

Figure 1. CONSORT diagram depicting the inclusion of patients in sub-analyses in
ctDNA, circulating tumor DNA; DFS, disease-free survival; EDC, Electronic Data Capt
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extrahepatic disease undergoing upfront curative-intent
surgery (no preoperative chemotherapy) were included in
this analysis (Figure 1). Median follow-up was 24.0 months
(1-48 months). ctDNA was detected in 98.41% (186/189) of
the patients with CLM before surgery. Patient characteris-
tics along with ctDNA status during the MRD window are
detailed in Table 1.
ctDNA status in MRD and surveillance windows is
prognostic of survival outcomes

Of the 190 patients included in this study, 32.11% (61/190)
were ctDNA-positive in the MRD window, i.e. MRD-positive.
ctDNA detection rates were higher in patients with syn-
chronous tumors (48.44%, 31/64) versus metachronous
tumors (23.81%, 30/126; P ¼ 0.002). Frequency of multiple
liver metastases were significantly higher in the MRD-
positive group than in the MRD-negative group (Table 1).
ACT for CLM was administered in 24.6% [15/61; 5-
fluorouracil (5-FU) with oxaliplatin, N ¼ 13, and oral 5-
FU/capecitabine, N ¼ 2] of the MRD-positive patients and
25.6% (33/129; 5-FU with oxaliplatin, N ¼ 28; and oral 5-
FU/capecitabine, N ¼ 5) of the MRD-negative patients,
respectively.

Biomarker status such as RAS/BRAF/MSI was similar be-
tween the two groups. Frequency of grade II or higher post-
operative complications was numerically higher in the
MRD-positive group than in the MRD-negative group. R0
resection was carried out in 183 patients and R1 resection
in the rest of 7 patients.

Compared with MRD-negative patients, MRD-positive
patients were almost six times more likely to recur
May 2020 and July 2024 

trahepatic disease who underwent upfront curative surgery

Surveillance window DFS
analysis cohort (N = 154)

Incomplete clinical follow-up data

<6 Months of clinical follow-up

window (n = 36)

before to the 10 weeks
landmark time point (n = 2)

Excluded (N = 5871)

Excluded (N = 38)

this study.
ure; MRD, molecular residual disease.
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Table 1. Patient characteristics

Characteristic All patients ctDNA at the MRD window

N ¼ 190a ctDNA (�),
N ¼ 129a

ctDNA (þ),
N ¼ 61a

P valueb

Age 68 (34-85) 69 (37-85) 68 (34-84) >0.9
Sex >0.9
Male 118 (62) 83 (64) 35 (57%)
Female 72 (38) 46 (36) 26 (43%)

Performance status >0.9
0 186 (98) 127 (98) 59 (97%)
1 4 (2.1) 2 (1.6) 2 (3.3%)

Tumor location 0.6
Right-sided 50 (26) 40 (31) 10 (16%)
Left-sided 140 (74) 89 (69) 51 (84%)

Synchronicity 0.015
Synchronous 64 (34) 33 (26) 31 (51%)
Metachronous 126 (66) 96 (74) 30 (49%)

Hepatectomy >0.9
Minor 159 (84) 112 (87) 47 (77%)
Major 31 (16) 17 (13) 14 (23%)

Number of liver
metastasis

0.010

1 121 (64) 93 (72) 28 (46%)
�2 69 (36) 36 (28) 33 (54%)

Size of liver
metastasis (mm)

>0.9

<50 180 (95) 123 (95) 57 (93%)
�50 10 (5) 6 (5) 4 (7%)

Pathological T stage >0.9
T1-T2 23 (12) 16 (12) 7 (11%)
T3-T4 167 (88) 113 (88) 54 (89%)

Pathological N
stage

0.3

N0 77 (41) 60 (47) 17 (28%)
N1-N2 113 (59) 69 (53) 44 (72%)

Post-operative
treatment

>0.9

Chemotherapy 48 (25) 33 (26) 15 (25%)
Observation 142 (75) 96 (74) 46 (75%)

Prior L-OHP history 50 (26) 39 (30) 11 (18%) >0.9
Post-operative
complication

23 (12) 10 (7.8) 13 (21%) 0.2

BRAF >0.9
BRAFwt 188 (99) 127 (98) 61 (100%)
BRAFV600E 2 (1) 2 (1.6) 0 (0%)

RAS >0.9
RASwt 106 (56) 74 (57) 32 (52%)
RASmut 84 (44) 55 (43) 29 (48%)

MSI >0.9
MSS 188 (99) 128 (99) 60 (98%)
MSI-high 2 (1) 1 (0.8) 1 (1.6%)

ctDNA, circulating tumor DNA; L-OHP, trans-/-diaminocyclohexane oxalatoplatinum;
MSI, microsatellite instability; MSS, microsatellite stability.
aMedian (range); n (%).
bWilcoxon rank sum test; Pearson’s Chi-square test; Fisher’s exact test for
proportions with the Bonferroni correction.
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[hazard ratio (HR): 5.74, 95% confidence interval (CI) 3.81-
8.64; P < 0.0001; 24-month DFS: 10.80%, 95% CI 4.45% to
20.3% for MRD-positive versus 64.50%, 95% CI 54.80% to
72.60% for MRD-negative patients, P < 0.0001; Figure 2A]
and also exhibited significantly shorter OS (HR: 6.44, 95% CI
2.22-18.72; P ¼ 0.0006; 24-month OS: 83.60%, 95% CI
67.40% to 92.1% versus 98.40%, 95% CI 93.80% to 99.60%,
P ¼ 0.016; Figure 2B). We further evaluated the prognostic
value of ctDNA compared with other known clinicopatho-
logic risk factors by performing a multivariate analysis. We
observed that MRD positivity was the most significant
1018 https://doi.org/10.1016/j.annonc.2024.08.2240
prognostic factor associated with inferior DFS (HR: 7.32,
95% CI 4.46-12, P < 0.001, Figure 2C). The only other factor
prognostic of poor DFS was larger (�50 mm) liver metas-
tases (HR: 2.44, 95% CI 1.02-5.9, P ¼ 0.046; Figure 2C).

The multivariate analyses of DFS among MRD-positive
and MRD-negative subgroups are depicted in Figure 3.
The size of liver metastases (HR: 3.94, 95% CI 1.14-13.7 P ¼
0.031) and RAS mutation status (HR: 2.91, 95% CI 1.38-6.2,
P ¼ 0.005) were found to be prognostic of DFS in the MRD-
positive group (Figure 3A). In the MRD-negative group,
however, no clinicopathological factor was prognostic of
DFS (Figure 3B).

During the surveillance window, ctDNA status was avail-
able for 154 patients, 35.71% (55/154) of whom were
ctDNA-positive. ctDNA detection rates were higher in pa-
tients with synchronous tumors (48.08%, 25/52), versus
metachronous tumors (29.41%, 30/102; P ¼ 0.07).
Compared with patients who remained serially ctDNA-
negative in the surveillance window, those who were
ctDNA-positive at any point had significantly inferior DFS
(HR: 10.64, 95% CI 5.93-19.09; P < 0.0001; 24-month DFS:
8.59%, 95% CI 2.0% to 21.42% versus 81.50%, 95% CI
71.10% to 88.40%, P < 0.0001; Figure 2D) and OS (HR: 5.15,
95% CI 1.26-21.08; P ¼ 0.023; 24-month OS: 95.5%, 95% CI
82.7% to 98.9% versus 99.0%, 95% CI 92.80% to 99.90%,
P ¼ 0.368; Figure 2E). Furthermore, the multivariate anal-
ysis indicated that ctDNA positivity during surveillance was
an independent factor significantly associated with worse
DFS (HR: 12.71, 95% CI 6.68-24.20, P < 0.001; Figure 2F),
followed by multiple liver metastases (HR: 2.81, 95% CI
1.60-4.90, P < 0.001; Figure 2F).
ctDNA status and dynamics are predictive of ACT benefit in
patients with resected CLM

We first examined whether ctDNA status in the MRD win-
dow is predictive of ACT benefit in postsurgical patients
with CLM. A landmark at 2 months after surgery was
implemented to address the immortal time bias, and HR
was adjusted for the following confounding factors: age,
sex, number and size of metastases, synchronicity, RAS
mutational status, and prior oxaliplatin exposure. No sta-
tistically significant benefit from ACT was observed among
patients who were MRD-negative [adjusted HR: 0.68, 95%
CI 0.29-1.58, P ¼ 0.371; recurrence rate: 24.24% (8/33) for
ACT group versus 35.87% (33/92) for the observation group;
Figure 4A], regardless of the synchronicity (Supplementary
Figure S1, available at https://doi.org/10.1016/j.annonc.
2024.08.2240) or number of liver metastases
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.annonc.2024.08.2240). On the contrary, MRD-
positive patients derived statistically significant benefit
from ACT (adjusted HR: 0.07, 95% CI 0.02-0.26, P < 0.0001),
with a recurrence rate of 66.67% (10/15) for the ACT group
versus 93.55% (29/31) for the observation group
(Figure 4B).

Next, we evaluated whether ctDNA clearance on ACT in
MRD-positive patients was predictive of ACT benefit and
Volume 35 - Issue 11 - 2024

https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240
https://doi.org/10.1016/j.annonc.2024.08.2240


MRD window

ctDNA positive

ctDNA status Negative Positive

Events %

24 month DFS % (95% CI)

30 month DFS % (95% CI)

36 month DFS % (95% CI)

mDFS (months)

34.88 (45/129)

64.50 (54.80-72.60)

61.30 (51.10-70.0)

59.20 (48.40-68.40)

NR (32.0-NR)

88.33 (53/60)

10.80 (4.45-20.30); P <0.0001

10.80 (4.45-20.30); P <0.0001

10.80 (4.45-20.30); P <0.0001

2.56 (2.0-4.60)

0 6 12 18 24 30 36 42 48

Time from landmark time point (months)

ctDNA negative

Number at risk

0.00

0.25

0.50

0.75

1.00
D

is
ea

se
−f

re
e 

su
rv

iv
al

HR = 5.74 (3.81-8.64); P <0.0001

ctDNA (+)

ctDNA (-)

0 6 12 18 24 30 36 42

Time from landmark time point (months)
Number at risk

0.00

0.25

0.50

0.75

1.00

D
is

ea
se

−f
re

e 
su

rv
iv

al

ctDNA positive
ctDNA negative

ctDNA (+)

ctDNA (-)

HR = 10.64 (5.93-19.09); P <0.0001

ctDNA status Negative Positive

Events %

24 month DFS % (95% CI)

30 month DFS  % (95% CI)

36 month DFS % (95% CI)

mDFS (months)

18.18 (18/99)

81.50 (71.10-88.40)

79.50 (68.40-87.0)

76.80 (64.60-85.30)

NR

83.02 (44/53)

8.59 (2.0-21.42); P <0.0001

NR

NR

5.81 (3.05-12.10)

A D

C F

++
++++

+++ ++++++++ ++++++++++++++++ ++++++++++ ++++++++++++++ + +++++++++++ + +

+

++ + + ++

129 107 87 70 41 29 15 4 0
60 16 12 6 4 3 2 0 0

Surveillance

++
++++++ +++++++ ++ +++++++++++++++++ ++ ++++++ ++++++++++++++ + +++++++++++++

++

+
+++

+
+ +

99 90 80 68 41 31 15 1
53 26 17 4 2 0 0 0

ctDNA positive

ctDNA status Negative Positive

Events %

24 month OS % (95% CI)

30 month OS % (95% CI)

36 month OS % (95% CI)

mOS (months)

3.88 (5/129)

98.40 (93.80-99.60)

98.40 (93.80-99.60)

94.30 (84.10-98.0)

NR

18.03 (11/61)

83.6 (67.4-92.1); P = 0.016

71.7 (52.1-84.4); P = 0.0007

71.7 (52.1-84.4); P = 0.006

43.4 (NR-NR)

0 6 12 18 24 30 36 42 48

Time from landmark time point (months)

ctDNA negative

Number at risk

0.00

0.25

0.50

0.75

1.00

O
ve

ra
ll 

su
rv

iv
al

B

ctDNA positive

ctDNA status Negative Positive

Events %

24 month OS % (95% CI)

30 month OS % (95% CI)

36 month OS % (95% CI)

mOS (months)

3.03 (3/99)

99.0 (92.80-99.90)

96.50 (85.50-99.20)

94.10 (81.70-98.20)

NR

10.91 (6/55)

95.5 (82.7-98.9); P = 0.368

85.8 (64.1-94.8); P = 0.065

85.8 (64.1-94.8); P = 0.128

41.8 (37.3-NR)

Time from landmark time point (months)

ctDNA negative

Number at risk

O
ve

ra
ll 

su
rv

iv
al

++ ++ ++++++++++++++ +++++++ +++++++++++++++++++ +++ ++++++++++++++++++ ++++++++++++++++++++
+++++++++++++++++ + +

++ +++ + ++ ++++++++++ +++ + +++++++++
+++

++++++ + +++++ +++

129 125 108 97 71 48 26 5 0
61 54 40 35 23 12 6 2 0

HR = 6.44 (2.22-18.72); P = 0.0006

ctDNA (+)

ctDNA (-)

0 6 12 18 24 30 36 42
0.00

0.25

0.50

0.75

1.00

ctDNA (+)

ctDNA (-)

HR = 5.15 (1.26-21.08); P = 0.023

+ + + +++++++ ++++++ +++++++++++++++++++++ ++ +++ +++++++++ + ++++++++++++++++++++ + ++++++++++++++
++ ++ +++ + +++++++++ ++++ + +++++++ +

++++
+++++ + + ++ + +

+ +

99 97 88 81 55 39 18 1
55 46 37 30 22 11 5 0

Parameters for multivariate analysis HR (95% Cl) P value

Prior L–OHP history

Post-operative complication

Synchronicity

RAS

Pathological N stage

Pathological T stage

Size of liver metastasis (mm)

Number of liver metastasis

Tumor location

Age

CEA at baseline

ctDNA at the MRD window

Yes

No

Yes

No

Synchronous

Metachronous

Mutant

Wild Type

N1 N2

N0

T3 T4

T1 T2

≥ 50

<50

≥ 2

1

Left sided

Right sided

>70

<70

Elevated

Normal

Positive

Negative

(N = 50)

(N = 139)

(N = 23)

(N = 166)

(N = 64)

(N = 125)

(N = 84)

(N = 105)

(N = 112)

(N = 77)

(N = 166)

(N = 23)

(N = 10)

(N = 179)

(N = 68)

(N = 121)

(N = 139)

(N = 50)

(N = 83)

(N = 106)

(N = 105)

(N = 84)

(N = 60)

(N = 129)

1.64

Reference group

1.40

Reference group

0.87

Reference group

1.52

Reference group

1.20

Reference group

1.48

Reference group

2.44

Reference group

1.18

Reference group

0.85

Reference group

1.14

Reference group

1.46

Reference group

7.32

Reference group

(0.92   2.9)

(0.78   2.5)

(0.53   1.4)

(0.98   2.4)

(0.76   1.9)

(0.69   3.2)

(1.02   5.9)

(0.76   1.8)

(0.52   1.4)

(0.74   1.7)

(0.93   2.3)

(4.46  12.0)

0.091 

0.261 

0.582 

0.063 

0.431 

0.309 

0.046 *

0.47 

0.525 

0.559 

0.103 

<0.001 ***

# Events: 98; Global P value (Log rank): 3.1918e-14 
AIC: 884.56; Concordance index: 0.76

0.5 1 2 5 10

Parameters for multivariate analysis HR (95% Cl) P value

Prior L–OHP history

Post-operative complication

Synchronicity

RAS

Pathological N stage

Pathological T stage

Size of liver metastasis (mm)

Number of liver metastasis

Tumor location

Age

CEA at baseline

ctDNA at surveillance

Yes

No

Yes

No

Synchronous

Metachronous

Mutant

Wild Type

N1 N2

N0

T3 T4

T1 T2

50

<50

2

1

Left sided

Right sided

>70

<70

Elevated

Normal

Positive

Negative

(N = 38)

(N=114)

(N = 16)

(N = 136)

(N = 51)

(N = 101)

(N = 62)

(N = 90)

(N = 85)

(N = 67)

(N = 134)

(N = 18)

(N = 4)

(N = 148)

(N = 51)

(N = 101)

(N = 109)

(N = 43)

(N = 67)

(N = 85)

(N = 81)

(N = 71)

(N = 53)

(N = 99)

 1.18

Reference group

 1.48

Reference group

 0.70

Reference group

 1.11

Reference group

 1.32

Reference group

 1.78

Reference group

 1.03

Reference group

 2.81

Reference group

 0.85

Reference group

 1.31

Reference group

 1.48

Reference group

12.71

Reference group

(0.58   2.4)

(0.69   3.2)

(0.38   1.3)

(0.63   2.0)

(0.75   2.3)

(0.59   5.4)

(0.13   8.4)

(1.60   4.9)

(0.46   1.6)

(0.76   2.3)

(0.82   2.6)

(6.68  24.2)

0.648 

0.316 

0.273 

0.725 

0.33 

0.306 

0.98 

<0.001 ***

0.599 

0.339 

0.191 

<0.001 ***

# Events: 62; Global P value (Log rank): 1.2487e-14 
AIC: 511.25; Concordance index: 0.83

0.1 0.2 0.5 1 2 5 10 20

E

Multivariate regression model for DFSMultivariate regression model for DFS

Figure 2. ctDNA status in the MRD and surveillance windows are predictive of survival outcomes in postsurgical patients CLM. KaplaneMeier estimates for (A) DFS
and (B) OS stratified by ctDNA status during the MRD window (MRD-negative versus MRD-positive). (C) Forest plot showing the multivariate analysis for DFS including
ctDNA status during MRD window and other clinicopathologic factors. KaplaneMeier estimates for (D) DFS and (E) OS stratified by ctDNA status during the sur-
veillance window (negative versus positive). (F) Forest plot showing the multivariate analysis for DFS including ctDNA status during surveillance window and other
clinicopathologic factors. The DFS and OS analyses in the MRD window were landmarked from the date of the MRD time point; analyses in the surveillance window
were landmarked at 10 weeks after surgery. Median DFS/OS and percentage DFS and OS at 24, 30, and 36 months were estimated from the landmark time point; P
value was calculated using Fisher’s exact test for proportions with the Bonferroni correction.
CEA, carcinoembryonic antigen; CI, confidence interval; CLM, colorectal liver metastases; ctDNA, circulating tumor DNA; DFS, disease-free survival; HR, hazard ratio; L-
OHP, trans-/-diaminocyclohexane oxalatoplatinum; MRD, molecular residual disease; NR, not reached; OS, overall survival.
* Indicates P value <0.05.
*** Indicates P value <0.001.
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Figure 3. Forest plot showing the multivariate analysis for DFS postsurgical patients with CLM who were MRD-positive (A) and MRD-negative (B). These analyses
were landmarked from the date of the MRD time point.
CEA, carcinoembryonic antigen; CI, confidence interval; CLM, colorectal liver metastases; ctDNA, circulating tumor DNA; MRD, molecular residual disease.
* Indicates P value <0.05.
** Indicates P value <0.001.
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patient outcomes. Compared with patients who remained
ctDNA-positive after receiving ACT, those who achieved
ctDNA clearance from MRD time point to 3- and 6-month
time point in response to ACT had significantly longer DFS
(clearance at 3 months: HR: 15.13, 95% CI 1.69-135.08, P ¼
0.015; clearance at 6-months: HR: 6.84, 95% CI 1.09-42.68,
P ¼ 0.04; Figure 4C and D).
ctDNA detection and site of recurrence in patients with
radiological recurrence

Of the 189 patients who were recurrence free at the MRD
time point, 50% (95/189) experienced radiological recur-
rence later during the follow-up. Among 95 patients who
recurred, 55.8% (53/95) were MRD-positive, while the
remaining 44.2% (42/95) were MRD-negative. Among the
42 MRD-negative patients, ctDNA results during the sur-
veillance window were available for 35, 57.1% (20/35) of
whom turned ctDNA positive before their radiological
relapse. Notably, among patients with radiological recur-
rence, MRD positivity was associated with significantly
shorter OS (HR: 6.08, 95% CI 1.28-28.8, P ¼ 0.023; 36-
month OS: 68.0%, 95% CI 45.90% to 82.70% versus
93.30%, 95% 61.30% to 99.00%, P ¼ 0.078), when
compared with MRD negativity (Figure 5A). We then
assessed the correlation between the ctDNA detection rate
in the MRD window and the site of recurrence. Of the 53
recurrences observed in the MRD-positive group, the site of
recurrence was known for 52 patients (Figure 5B,
Supplementary Table S1, available at https://doi.org/10.
1016/j.annonc.2024.08.2240), 75.0% (39/52) of whom had
metastases in the liver, while only 28.6 (12/42) recurrences
in the MRD-negative group were in the liver (P < 0.0001;
Figure 5C). Of those 12 patients, 58.3% (7/12) had fewer
than two liver metastatic lesions and 91.7% (11/12) had
metastatic liver lesions >50 mm. We noted that while most
1020 https://doi.org/10.1016/j.annonc.2024.08.2240
of the MRD-positive patients with radiological recurrence
had liver involvement (73.6%, 39/53, P ¼ 0.0004), a ma-
jority of the MRD-negative patients who had recurrence,
had metastatic disease in the lung (61.9%, 26/42, P ¼
0.0021) (Figure 5D and E).
DISCUSSION

ctDNA as a tool to detect MRD has emerged as one of the
strongest biomarkers to predict recurrence in CRC. Several
groups have reported its prognostic relevance in CRC and
suggested the potential role of ctDNA as a tool to guide
personalized treatment after curative resection.28,29 Recent
data in GALAXY indicated that MRD-positive patients with
stage II/III CRC derived significant benefit from ACT, but
MRD-negative patients did not. In this subgroup analysis of
GALAXY, similar findings were noted among patients with
CLM without extrahepatic metastases. While the previously
published interim analysis of the GALAXY study and this
subgroup analysis are limited by their retrospective,
observational nature, to our knowledge, this is the first
report to show the potential utility of postsurgical ctDNA
monitoring for risk stratification and identifying the sub-
population of CRC patients with liver-only metastases who
are likely to benefit from ACT.

Several recent studies have shown ctDNA to be a strong
prognostic biomarker in surgically resected CLM.18-24 These
studies have reported ctDNA positivity after surgery,18-24

post-ACT,18,22-24 and during surveillance18,22 to be associ-
ated with significantly higher risk of recurrence. Further-
more, patients with postsurgical ctDNA positivity have also
been shown to have worse OS.20,23 Consistent with these
reports, we observed that patients with ctDNA positivity
after surgery in the MRD window as well as during sur-
veillance experienced a significantly inferior DFS and OS.
Additionally, in multivariate analyses, ctDNA positivity in the
Volume 35 - Issue 11 - 2024
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MRD or surveillance window and number of liver metas-
tases were found to be the only factors prognostic of DFS.

In this cohort, the frequency of post-operative compli-
cations was numerically higher in the MRD-positive (21%)
group than in the MRD-negative group (7.8%). Several
registry data indicated the association of post-operative
complications with recurrence due to the invasive nature
of hepatectomy procedures.30,31 Additionally, subgroup
analysis of JCOG0603 indicated that more aggressive hep-
atectomy negatively affected the compliance to ACT.32

Upon experiencing severe complications, patients with
resected CLM are expected to have delayed recovery and
non-compliance to ACT. This may indicate that there is a
potential bias of receiving ACT; number and size of CLM
may be related with aggressiveness of surgery, which was
associated with post-operative complication rate and
administration of ACT. Therefore, when interpreting the
Volume 35 - Issue 11 - 2024
difference of DFS and OS in MRD-positive patients with or
without ACT, we need to take into account that this dif-
ference may be partly affected by the extent of surgery and
post-operative complication. To avoid severe complications,
when more aggressive hepatectomy is anticipated, safe
procedures should be planned by combining with radio-
frequency ablation for small tumors located deep within the
liver and preoperative chemotherapy to shrink the tumor
size.33

In this analysis, more than half of the patients had only
one liver metastasis, and approximately one-third of these
patients exhibited post-operative MRD positivity. These
patients’ characteristics and MRD positivity rate were
comparable with previous reports.23 There are no reports,
however, in which benefit of ACT was assessed based on
post-operative ctDNA status. Our results indicated benefit
of ACT in MRD-positive patients: while most of the MRD-
https://doi.org/10.1016/j.annonc.2024.08.2240 1021
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Figure 5. (A) KaplaneMeier estimates for OS stratified by ctDNA status during the MRD window among patients with CLM who had a radiological recurrence
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the corresponding P values were calculated using the two-sided log-rank test. Median and percent OS were estimated from the landmark time point and the cor-
responding P value was calculated using Fisher’s exact test for proportions with the Bonferroni correction. (B) Bar plot showing ctDNA detection status in the MRD
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positive patients on observation experienced clinical
recurrence, ACT achieved ctDNA clearance in 61.5% (8/13)
of MRD-positive patients resulting in 24-month DFS of 50%.
ctDNA clearance rate in response to ACT was higher in our
cohort than that reported in the retrospective study by Tie
et al.23 (3/11, 27.2%).While it is difficult to draw a definitive
conclusion given the small cohort sizes and inadequate
1022 https://doi.org/10.1016/j.annonc.2024.08.2240
information regarding the regimen and intensity of ACT,
both these cohorts indicate that the lack of ctDNA clearance
on ACT was associated with markedly shorter DFS. Overall,
these data suggest that ctDNA clearance on adjuvant ther-
apy is indicative of ACT efficacy and that patients not
achieving ctDNA clearance could be considered for treat-
ment escalation or other therapies. The ongoing
Volume 35 - Issue 11 - 2024
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randomized, double-blind, phase III ALTAIR study will eval-
uate the superiority of trifluridine/tipiracil compared with
placebo in patients with resected CRC with positive ctDNA
status at any time after standard-of-care ACT.34

Although our study suggests the benefit of ACT in MRD-
positive patients, appropriate ACT duration and regimen in
resectable CRC is still controversial. Currently, a non-
randomized, phase II study is assessing ctDNA-directed
ACT among patients with resected CLM, wherein ctDNA-
positive patients will receive multiagent chemotherapy
(FOLFOX or FOLFIRI), whereas ctDNA-negative patients will
receive single-agent 5-FU or capecitabine or surveillance per
provider judgment.29 ‘The first-strike strategy’ using inten-
sive chemotherapy may also be effective to eradicate MRD.
Currently, several clinical trials to compare more intensive
ACT such as FOLFOXIRI are ongoing in MRD-positive CRC
patients after curative surgery (CIRCULATE-US,
NCT05174169; AFFORD, NCT05427669; DYNAMIC-III,
ACTRN126170015, and CLAUDIA, NCT05534087). In Japan,
phase II studies to evaluate the efficacy of more intensive
chemotherapy such as modified-FOLFOXIRI and FOLFOXIRI
plus bevacizumab in resected oligometastatic disease are
ongoing (AURORA and FANTASTIC).35,36

In a subgroup analysis in the MRD-negative group, ACT
did not result in a meaningful DFS improvement in patients
with either synchronous or metachronous CLM. Although
not statistically significant, ACT seemed to be associated
with superior DFS in MRD-negative patients with two or
more liver metastases, compared with those with a single
metastasis. Surprisingly, in this cohort, recurrence pattern
was different in MRD-positive and -negative groups: among
MRD-positive patients, only 25% of recurrences occurred in
sites other than the liver, while among the MRD-negative
group, 71% of recurrences were located in sites such as
lung or peritoneum. This observation may be related to
differences in ctDNA shedding according to the recurrence
site.37 Several series mentioned the low concordance of
tissue-derived DNA and ctDNA in lung and peritoneal
metastases when number and size of these metastases are
small, which indicated that sensitivity of ctDNA is lower in
lung or peritoneum than in liver or lymph node.38,39

Typically, liver is the most frequent site of metastases af-
ter liver resection. Our data suggest that ctDNA analysis for
this population may detect the potential liver metastases
at earlier time points i.e. MRD positive, thus the frequency
of potential lung or peritoneum micrometastases, which
may be detected at the MRD window, will relatively in-
crease in the MRD-negative group. This underscores the
importance of longitudinal ctDNA testing to capture later
recurrences.

Our study is associated with the following limitations: the
sample size and duration of follow-up are still insufficient
from the aspect of statistical power to draw definitive
conclusions. Given the limited occurrence of CLM without
extrahepatic metastases, previous phase III trials were also
conducted in cohorts <300 patients. Furthermore, despite
small sample size, we observed that MRD positivity could
potentially identify patients who are likely to benefit from
Volume 35 - Issue 11 - 2024
ACT, an observation that is consistent with other studies in
CRC and other cancers.17,31,40 OS data from MRD-positive
and -negative patients stratified by adjuvant treatment
(ACT versus observation) were not shown in this analysis
because OS event data are not yet mature enough. No
phase III randomized controlled trial (RCT) has yet demon-
strated the OS benefit by ACT in this setting, therefore
updated analysis with OS data will be awaited. The ACT
regimen in this cohort was heterogeneous. Nevertheless,
most of the patients received CAPOX as their ACT regimen
for 3 to 6 months in accordance with Japanese treatment
guidelines.41 Finally, the study design was retrospective and
observational in nature, since a randomized trial of ACT
versus observation in patients with postsurgical ctDNA
positivity was not feasible in Japan when CIRCULATE-Japan
was initiated. A randomized study design comparing ACT
versus observation with stratification according to ctDNA
status is essential to validate our findings and support
clinical adoption of ctDNA-guided adjuvant treatment
decision-making. Such studies, although theoretically
optimal, could be difficult to carry out in practice.

In conclusion, we observed a potential benefit of ACT for
prolonging DFS in MRD-positive patients with CLM after
surgical resection, while no statistically significant benefit of
ACT was observed among MRD-negative patients. Our re-
sults indicate that ctDNA could be a useful biomarker to
refine a subgroup of patients who would benefit from ACT
in this setting. Further phase III, ctDNA-guided RCTs in CLM
are warranted to further validate these findings.
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