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(Argiles 2020)

Signatures

intermediate Immunoscore were more likely to experience dis-
ease recurrence or death. Importantly, Immunoscore remained 
significantly prognostic after excluding patients with deficient 
DNA Mismatch repair (dMMR) tumors, confirming that its 
association with prognosis was not driven by dMMR. In 
a multivariate model, Immunoscore remained statistically sig-
nificant for DFS in contrast to MMR status. Furthermore, we 
found that Immunoscore enhances prognostication beyond that 
of established prognostic variables in stage III patients.

A risk classification strategy proposed by the phase 3 clini-
cal trial  International Duration Evaluation of Adjuvant che-
motherapy (IDEA)9 which divided patients into low-risk (T1-3, 
N1) and high-risk (T4 or N2) groups based on histopathological 
criteria. We found that the three-level Immunoscore can further 
risk-stratify stage III patients for DFS within these risk groups in 
the N0147 trial. Specifically, we identified a high-Immunoscore 
subset within the T1-3, N1 group that had a 91.8% 3-y DFS8 that 
is similar to or above the 87% and 84.7% 3-y DFS rates reported 
for stage II patients treated with FOLFOX in the MOSAIC or 
NSABP-C-08 adjuvant trials, respectively.

Strengths of our study include a patient population 
from a clinical trial cohort of uniform tumor stage and 
treatment with molecular annotation and rigorously col-
lected patient outcome data. Furthermore, a centralized 
Immunoscore evaluation was performed assuring 

uniformity in its determination. Since all patients received 
adjuvant chemotherapy, a limitation is the inability to 
examine the predictive impact of immune markers for 
chemotherapy response, which was recently evaluated in 
the IDEA phase 3 randomized trial. The IDEA rando-
mized phase 3 trial evaluated the noninferiority of 3 vs. 
6 months of adjuvant chemotherapy in patients with 
resected stage III colon cancer. The primary objective of 
the study was not reached. However, data suggested that 
risk categories could be used to inform the duration of 
adjuvant chemotherapy. Component drugs in the FOLFOX 
regimen include 5-fluorouracil that may partially deplete 
or transiently inactivate inhibitory immune cells and oxa-
liplatin that may increase cytotoxic T-cell infiltration and 
are shown to induce immunogenic cell death.10 High 
Immunoscore significantly predicted response to 
a 6- month duration of a fluoropyrimidine–oxaliplatin 
chemotherapy in all stage III patients in the IDEA phase 
3 clinical trial.7 Furthermore, Immunoscore predicted 
response to 6 months of FOLFOX chemotherapy within 
patients with low-risk (T1-3 and N1) and high-risk (T4 or 
N2) tumors. These data highlight the utility of 
Immunoscore for guiding treatment decisions in adjuvant 
settings (Figure 1).7 In separate studies, Immunoscore 
within colon cancer metastases was also shown to predict 
the risk of patient relapse and death.11

Immunoscore for patient management decisions

The tumor and immune interaction indicated by the 
Immunoscore enables risk stratification of stage III colon can-
cer patients. These data provide a validation of the 
Immunoscore assay in a clinical trial cohort and underscore 
the limitations of T and N staging which are further illustrated 
by the ability of Immunoscore to refine prognostication among 
predetermined low- and high-risk T and N groups of stage III 
patients. Furthermore, data suggest that Immunoscore can be 
used to inform the duration of adjuvant chemotherapy in stage 
III patients.

The American-Joint-Committee-on-Cancer/Union- 
Internationale-Contre-le-Cancer TNM staging system is 
currently the gold standard classification system for 
colon cancer. The first paradigm shift that translated into 
guidelines came recently with the latest (5th) edition of the 
World Health Organization (WHO) Digestive System 
Tumors, which introduced “the immune response as 
essential and desirable diagnostic criteria for colorectal 
cancer”. The consensus Immunoscore assay was cited as 
evidence that the immune response can improve prognos-
tication in colon cancer.1 The N0147 results, together with 
the introduction into the WHO guidelines, highlight the 
benefit of implementing Immunoscore into clinical prac-
tice and strongly advocate for the introduction of a new 
TNM-Immune classification system. The consensus 

Figure 1. Clinical utility of Immunoscore. The tumor anatomy, including the tumor 
core, the invasive margin, and different T-cell subpopulations is illustrated. 
Immunoscore is a powerful prognosis marker and a predictive marker of response 
to chemotherapy for stage III colon cancer patients. CTL, cytotoxic T lymphocyte; 
TFH, T follicular-helper; TH1, T helper type 1.
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in the RS and 49 patients with RFI events outside the RS). Tissue
was available from 549 of these patients for analysis. A quality
control (QC) failure arose in a subset of patient samples because of
a reagent fault during the initial analysis, and the study was
subsequently repeated with qualified reagents (Data Supplement).

Of the initial cohort of 549 tissue samples available for
analysis, a total of 156 samples (28.4%) were excluded from the
analysis because of insufficient tissue, total RNA, or poor qual-
ity. Median (range) time between resection and analysis was
13.2 years (11.2 to 16.0 years). The final evaluable data set in the
repeated analysis contained 393 patients, of whom 91 experi-
enced an RFI event (360 patients with 58 RFI events within the
RS; 33 patients with RFI events outside the RS). Figures 1A and
1B depict the flow of patients through the study and reasons
for exclusion.

The demographic characteristics of the C9581 cohort have
been described.7,13 Patient and tumor characteristics for patients
evaluated in the study were similar to those not included and to
those in the subset of all eligible C9581 patients (Table 1).

Association Between ColDx and Prognostic Factors
Results of preprocessing and derivation of the ColDx signa-

ture score were confirmed by the Alliance statisticians. Figure 2
provides a histogram of the distribution of signature scores. At the
prespecified threshold, ColDx classified 55% of patients (216 of
393) as high risk and 45% (177 of 393) as low risk.

Associations between the dichotomized signature score (high
risk, low risk) and the potential prognostic variables in Table 1 were
explored. ColDx was significantly associated with sex (P = .003),
race (P , .001), and MMR status (P , .001) with higher pro-
portions of men (57% v 49%), nonwhite race (73% v 52%), and
MMR intact tumors (56% v 45%) classified as high risk, re-
spectively. Associations with Tstage, lymphovascular invasion, and
tumor location were marginally significant (Appendix Table A1).

Association Between ColDx and Recurrence Risk
Results of univariable analyses of individual prognostic factors

and RFI are given in Table 2. The primary test of hypothesis was the
assessment of the ColDx score in the presence of conventional
prognostic factors (Table 3). ColDx score was significantly asso-
ciated with RFI after adjustment for other prognostic factors
(hazard ratio [HR], 2.13; 95% CI, 1.3 to 3.5; P , .01) in multi-
variable analysis and was the prognostic factor most strongly as-
sociated with RFI (P , .01) in this data set. Age and MMR status
were of borderline significance. The ColDx signature score con-
tributed significantly to the reduced (prognostic variables only)
model (likelihood ratio test, P , .001). No major deviations from
proportional hazards were observed on the basis of the Schoenfeld
residuals and regression models methods.

ColDx high-risk patients also had a significantly shorter RFI
relative to ColDx low-risk patients in an unadjusted analysis, with
an HR of 2.03 (95% CI, 1.3 to 3.3; P , .01). The recurrence-free
probability at 5 years for patients classified as high risk by the
ColDx score was 82%, with a 95% CI of 79% to 85%, compared
with 91% with a 95% CI of 89% to 93% for patients predicted as
low risk (Fig 3).

OS by ColDx score is illustrated in Figure 4. A marginally
significant association was observed after adjustment for other
prognostic factors in multivariable analysis (OS HR, 1.74; 95% CI,
0.97 to 3.1; P = .06).

DISCUSSION

Given the lower rates of recurrence among patients with stage II
CC, there is reluctance to subject patients to potential toxicity and
other treatment complications with little evidence of treatment
benefit from adjuvant therapy. Current guidelines indicate that
adjuvant therapy may be most appropriate for patients with high-
risk disease characteristics.3 Substantial effort has been devoted to
identifying a higher-risk patient subset under the assumption that
patients at high risk of recurrence would be the most likely to
benefit from adjuvant therapy. ColDx is one of several assays that
have been reported to reliably stratify patients with colon cancer
into groups at high and low risk of disease recurrence.

The ColDx assay has previously been shown to be an in-
dependent prognostic factor for RFI in stage II CC.6 In this second
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Fig 3. Weighted Kaplan-Meier plot of recurrence-free interval by ColDx signature
score dichotomized at the prespecified cut point, 0.4377; 62 and 29 events ob-
served for high and low risk, respectively.
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Fig 4. Weighted Kaplan-Meier plot of overall survival (all deaths regardless of
cause) by ColDx signature score dichotomized at the prespecified cut point,
0.4377; 64 and 40 events observed for high and low risk, respectively.
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Gene Signature Assay and Recurrence in Stage II Colon Cancer

GeneFx Colon 
(Niedzwiecki, JCO 2016)

Oncotype DX 
(Gray, JCO 2011)

assessed for lymphovascular invasion by a single academic surgical pathol-
ogist (F.L.B.) with expertise in gastrointestinal pathology. Pathology re-
ports were reviewed for tumor site (ie, cecal, ascending, transverse,
descending, sigmoid, and rectal), greatest tumor diameter, specimen
length, closest axial margin, number and status of lymph nodes sampled
(including apical lymph node), lymphovascular invasion, and tumor stage.
The highest T stage and the presence of lymphovascular invasion in either
pathology report or HE slide were used in analyses.

MMR status was assessed by immunohistochemistry, and tumors were
represented in tissue microarrays (TMAs; 3 ! 0.6 !m cores per patient) by
using standard protocols for MLH1 and MSH2. Assays were performed and
assessed in a Clinical Laboratory Improvement Amendments–certified labo-
ratory (Vitro Molecular Laboratories, Miami, FL). Tumors showing loss of
expression for either MLH1 or MSH2 in all tumor nuclei were regarded as
MMR deficient, whereas those tumors with intact expression in any tumor
nuclei were called proficient.22,23 Positive staining of nuclei in intact adjacent
crypt bases and lymphocytes served as an internal control. All assessments
were performed centrally and were blinded to treatment allocation and
patient outcome.

Assay methods and end points were prospectively defined. For each of
the 13 prespecified cancer-related genes (Data Supplement), cycle threshold
measurements were obtained by RT-PCR24,25 and then were normalized rel-
ative to the five reference genes (data on file, Genomic Health, Redwood City,
CA). Reference normalization corrects for sources of systematic bias, such as
sample age, quality of RNA, and sample processing (eg, fixation).24 RS and TS

were calculated from the prespecified algorithms and cut points for low,
intermediate, and high recurrence risk groups (ie, RS " 30, 30 to 40, and " 41,
respectively) and low, intermediate, and high treatment benefit groups defined
in the study protocol (Data Supplement).

Protocol specified exclusion criteria included colon cancer that was not
stage II, no FPE tumor block from initial diagnosis, presence of synchronous
tumors, insufficient tumor (ie, " 5% of tissue area occupied by invasive cancer
cells in the guide HE slide), tumor types other than adenocarcinoma and
mucinous carcinoma, insufficient RNA (ie, " 5 ng/!L) for RT-PCR analysis,
and insufficient RNA quality by predefined metrics.

Statistical Methods
The number of patients was determined by the availability of suitable

tissue blocks, with the expectation that approximately 1,500 patients with stage
II colon cancer with 200 recurrences in the first 3 years would be included. The
primary outcome measure was recurrence—rather than disease-free survival
(DFS) or overall survival (OS) —because tumor gene expression was antici-
pated to predict risk of recurrence but not death as a result of other causes.
Recurrence was calculated as time from random assignment to documented
recurrence or was censored at last contact with patient or death as a result of
other cause without recurrence. Secondary end points included DFS, defined
as the time from random assignment to recurrence or death as a result of any
cause, and OS, defined as the time from random assignment to death as a result
of any cause. Patient status was updated by a questionnaire to centers in
October 2007, by subsequent postal and telephone contact, and by use of
national mortality records in the United Kingdom, for which surviving pa-
tients were censored as of November 8, 2008. Missing or inconsistent data on
recurrence or cause of death were systematically investigated through inquiries
to the patients’ doctors.

For assessment of the prognostic value of variables, recurrence rates
over the whole follow-up period were analyzed by using standard Cox
proportional hazards and log-rank methods. Because adjuvant FU/FA
reduces the risk of recurrence only in the first 2 to 3 years after random
assignment, with no additional benefit or loss of benefit thereafter,1 all
prespecified predictive analyses were performed on recurrence over the
first 3 years and ignored later events to increase statistical power to detect
differential treatment efficacy among subgroups. The trend for increasing
chemotherapy benefit across predefined benefit groups was assessed by
using a one-sided test.26 Number of lymph nodes examined was dichoto-
mized as less than 12 versus " 12 as per National Comprehensive Cancer
Network guidelines.27 Analyses used SAS version 9.1 (SAS Institute,
Cary, NC).
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Fig 3. Kaplan-Meier estimates of 3-year recurrence in surgery-alone patients by
risk group. Obs, observed No. of recurrences; Exp, expected No. of recurrences.

Table 1. Analyses of Association of Single and Multiple Explanatory Variables With Risk of Recurrence in Patients Who Underwent Surgery Alone

Variable
No. of

Patients

Single-Covariate Cox Regression!
Multiple-Covariate Cox

Regression†

DirectionHR 95% CI P HR 95% CI P

Dichotomous
Tumor location: right v other 692 0.63 0.45 to 0.89 .008 0.66 0.44 to 0.97 .032 Right better
T stage: T4 v T3 707 1.94 1.35 to 2.79 " .001 1.87 1.25 to 2.81 .004 T4 worse
Tumor grade: high v low 711 0.73 0.51 to 1.04 .083 0.65 0.42 to 1.02 .050 High better
Sex: female v male 711 0.78 0.57 to 1.07 .12 Male worse
Nodes examined: " 12 v " 12 657 1.38 0.97 to 1.96 .071 1.43 0.98 to 2.08 .058 " 12 worse
Lymphovascular invasion 711 1.46 0.95 to 2.23 .085 1.43 0.90 to 2.28 .150 Invasion worse
MMR: deficient v proficient 654 0.31 0.15 to 0.63 " .001 0.36 0.17 to 0.80 .004 Deficient better

Continuous
Age, years 711 1.02 1.00 to 1.03 .089 1.02 1.00 to 1.04 .034 Older worse
Recurrence score per IQR 711 1.38 1.11 to 1.74 .004 1.43 1.11 to 1.83 .006 Higher worse

Abbreviations: HR, hazard ratio; IQR, interquartile range; MMR, mismatch repair.
!Cox regression with each covariate as the only explanatory variable in the model.
†Cox regression with tumor location, T stage, grade, nodes examined, lymphovascular invasion, MMR, age, and recurrence score included in the model.

Validation of a Quantitative Gene Expression Assay in Stage II Colon Cancer
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Figure 2. The Kaplan—Meier curve for time to recurrence (TTR), overall survival (OS), and 
survival after recurrence (SAR) for (A, C, and E) the microsatellite-stable (MSS) population and 
(B, D, and F) the microsatellite unstable (MSI-high) population by mutational status.
CI, confidence interval; dMMR, deficient mismatch repair; HR, hazard ratio; MT, mutated; 
WT, wild type.
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reminiscent of the molecular CpG island methylation phenotype sub-
types that are characterized by MSI, BRAF mutation, and methyl-
ation status.27

On the basis of gene expression information in the primary
tumor, ColoPrint can assist in more accurately identifying the 25% to
35% of patients diagnosed with stage II disease who will experience a
recurrence within 5 years after surgery. Our prognostic classifier iden-
tified 36.8% of the validation stage II subset as high-risk patients with
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Fig 2. Kaplan-Meier analysis of relapse-free survival (RFS) in the validation
set. (A) All stages, n ! 206; 5-year RFS rate for low-risk patients was 87.6%
(95% CI, 81.5% to 93.7%) and for high-risk patients was 67.2% (95% CI,
55.4% to 79.0%). (B) Stage II, n ! 114; 5-year RFS rate for low-risk patients
was 90.9% (95% CI, 84.0% to 97.8%) and for high-risk patients was 73.9%
(95% CI, 59.2% to 88.6%). (C) Stage III, n ! 62; 5-year RFS rate for low-risk
patients was 78.2% (95% CI, 49.9% to 90.7%) and for high-risk patients was
47.2% (95% CI, 25.8% to 68.6%).

Table 3. Univariate Analysis for Relapse-Free Survival in Validation Set

Variable P HR 95% CI

All stages, N ! 206
ColoPrint, high v low risk .005 2.51 1.33 to 4.73
Age, ! v " 70 years .071 1.78 0.95 to 3.33
Localization, right v left .576 0.82 0.43 to 0.16
Grade

Baseline .149 1
Moderate v low 0.89 0.46 to 1.76
High v low 2 0.82 to 5.72

Sex, male v female .739 1.12 0.58 to 2.14
No. of LNs assessed, continuous .036 0.50 0.26 to 0.96
" 12 LNs assessed, binary .036 0.50 0.26 to 0.96
Stage

I v II .004 0.21 0.03 to 1.59
Baseline ! II 1
III v II 2.36 1.25 to 4.47

pT
Baseline ! T2 .006 1
T3 v T2 2.08 0.64 to 0.68
T4 v T2 6.74 1.74 to 26.11

pT, continuous .003 2.8 1.41 to 5.54
pN

Baseline .000 1
1-3 positive LNs v no positive LNs 1.88 0.88 to 4.01
" 3 positive LNs v no positive LNs 5.73 2.69 to 12.21

Chemotherapy, yes v no .414 0.77 0.40 to 1.46
MSI-H, yes v no .830 1.07 0.59 to 1.92
Lymphatic invasion, yes v no .100 1.87 0.89 to 3.93
Venous invasion, yes v no .101 2.20 0.86 to 5.62
Perineural invasion, yes v no .651 1.58 0.22 to 11.54
Any invasion, yes v no .051 1.93 1.00 to 3.76

Stage II only, n ! 114
ColoPrint, high v low risk .017 3.34 1.24 to 9.00
Age, ! v " 70 years .187 0.47 0.15 to 1.44
Localization, right v left .73 0.82 0.15 to 2.46
Grade

Baseline .515
Moderate v low 0.66 0.23 to 1.91
High v low 2.15 0.27 to 16.87

Sex, male v female .175 2.17 0.71 to 6.67
No. of LNs assessed, continuous .553 0.98 0.94 to 1.04
" 12 LNs assessed, binary .776 0.86 0.30 to 2.44
pT, T4 v T3 .045 3.15 1.02 to 9.69
ASCO risk, high v low .200 1.67 0.22 to 12.59
Chemotherapy, yes v no .339 0.60 0.21 to 1.71
MSI-H, yes v no .619 0.77 0.28 to 2.13
Lymphatic invasion, yes v no .689 1.51 0.20 to 11.50
Venous invasion, yes v no .496 2.02 0.27 to 15.41
Perineural invasion, yes v no .237 3.41 0.45 to 26.03
Any invasion, yes v no .209 2.23 0.64 to 7.80

Abbreviations: HR, hazard ratio; LN, lymph node; MSI-H, microsatellite
instability-high; ASCO, American Society of Clinical Oncology.
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2. Microsatellite instability (MSI)
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Figure 1. Molecular features of immune infiltrated or immune excluded dMMR/MSI-H CRC. 
Immune infiltrated tumors are characterized by increased PD-L1 and CTLA-4 expression as well as 
elevated neoantigen presentation. Immune excluded tumors feature a TGF-beta enriched tumor 
microenvironment with abundant immunosuppressive myeloid cells and fibroblasts. Arrow in 
blue box means increased. dMMR: deficient mismatch repair. MSI-H: high microsatellite 
instability. PD-L1: programmed death ligand 1. CTLA-4: cytotoxic T-lymphocyte antigen. MHC I: 
major histocompatibility complex 1. TIGIT: T cell immunoglobulin and ITIM domain. TMB: tumor 
mutational burden. CMS1: consensus molecular subtype 1. 

Frameshift mutations are one of the hallmarks of dMMR/MSI-H CRC. Of note, genes 
that include microsatellites in their coding areas are particularly vulnerable to frameshift 
mutations, which may appear at very early stages of tumor development in 
dMMR/MSI-H CRC. As a result, insertions or deletions of dinucleotides or trinucleotides 
in microsatellites are not repaired, which leads to the generation of highly immunogenic 
neoantigens [31]. Indeed, an in silico pan-tumor study using exome sequencing data from 
the TCGA showed that frameshift mutations generated almost three times more 
neoantigens that are recognized by T cells compared to any other non-synonymous 
mutations [38]. 

The study of the mutational profile in dMMR/MSI-H CRC is largely intricate due to 
the complexity of its hypermutability status [39]. Yet, massive genomic sequencing 
analyses have elucidated the most frequent molecular aberrations affecting the 
dMMR/MSI-H phenotype [39]. In particular, mutations in TP53 appear in 20% of 
dMMR/MSI-H CRC compared to a 60% of pMMR/MSS CRC, and APC in 51% compared 
to 81%, respectively [2]. Mutations in KRAS and BRAF V600E are among the most 
frequent mutations in advanced stages of dMMR/MSI-H CRC, and they are each found in 

Figure 1. Molecular features of immune infiltrated or immune excluded dMMR/MSI-H CRC. Im-
mune infiltrated tumors are characterized by increased PD-L1 and CTLA-4 expression as well as
elevated neoantigen presentation. Immune excluded tumors feature a TGF-beta enriched tumor
microenvironment with abundant immunosuppressive myeloid cells and fibroblasts. Arrow in blue
box means increased. dMMR: deficient mismatch repair. MSI-H: high microsatellite instability. PD-L1:
programmed death ligand 1. CTLA-4: cytotoxic T-lymphocyte antigen. MHC I: major histocompati-
bility complex 1. TIGIT: T cell immunoglobulin and ITIM domain. TMB: tumor mutational burden.
CMS1: consensus molecular subtype 1.

The study of the mutational profile in dMMR/MSI-H CRC is largely intricate due to the
complexity of its hypermutability status [39]. Yet, massive genomic sequencing analyses
have elucidated the most frequent molecular aberrations affecting the dMMR/MSI-H
phenotype [39]. In particular, mutations in TP53 appear in 20% of dMMR/MSI-H CRC
compared to a 60% of pMMR/MSS CRC, and APC in 51% compared to 81%, respectively [2].
Mutations in KRAS and BRAF V600E are among the most frequent mutations in advanced
stages of dMMR/MSI-H CRC, and they are each found in approximately 30% of the
cases compared to frequencies of around 40% and 8%, respectively, of pMMR/MSS CRC
cases [2,40]. Importantly, BRAF V600E mutation is unique to sporadic dMMR/MSI-H
CRC, and exclusive to the presence of Lynch Syndrome. Indeed, pre-clinical data suggest
that BRAF V600E mutations promote dMMR/MSI-H phenotype through the activation
of the MAPK pathway. In turn, MAPK signaling induces the expression of MAFG, a
transcriptional repressor that binds to MLH1 promoter and recruits methyltransferases,
resulting in promoter hypermethylation and inactivation [41]. ZBTB2 is another gene
mutated in dMMR/MSI-H CRC. Mutations in ZBTB2 enhance the expression of MDM2,

Mulet et al, Cancers 2023
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Untreated MSI patients have a better prognosis than MSS, with a 
trend toward stronger effect in stage II

Sargent et al, ASCO 2014

Stages 
II and III 
(5 trials)

rectum (17% [98 of 570] v 2% [10 of 516] v 2% [9 of 371]; P ! .001),
in stage III than stage II (12% [18 of 154] v 8% [106 of 1,397]; P " .08),
in stage T4 than T3 (13% [25 of 195] v 7% [92 of 1,250]; P " .009), in
poorly than moderately or well-differentiated tumors (19% [27 of
139] v 7% [87 of 1,230] v 3% [4 of 127]; P ! .001), in mucinous than
other (17% [25 of 147] v 7% [93 of 1,352]; P ! .001), in those with 12
or more nodes examined than fewer (11% [55 of 515] v 6% [54 of
902]; P " .001), in women than men (11% [66 of 612] v 6% [59 of
972]; P " .0007) and in older patients; mean age of the BRAF mutant
and wild-type patients was 64.9 and 61.9 years, respectively (P ! .001).

Risk of recurrence of dMMR tumors was about half that for
MMR-proficient tumors whether including all patients with known
MMR status (11% [25 of 218] v 26% [438 of 1,695] recurred; risk ratio
[RR], 0.53; 95% CI, 0.40 to 0.70: P ! .001, Fig 3A) or just those with
right-sided stage II colon cancers (8% [13 of 167] v 21% [98 of 469];
RR, 0.44; 95% CI, 0.29 to 0.67; P ! .001, Fig 3B). The lower risk of
recurrence in dMMR stage II right-sided colon tumors was of
similar magnitude in subgroup analyses stratified by other tumor
characteristics, including the presence and absence of chemother-
apy and number of nodes examined (Fig 4 and Appendix Fig A1,
online only). There were too few dMMR left colon and rectal
cancers for meaningful investigations in these subgroups.

The risk of recurrence was significantly higher for KRAS mutant
than wild-type tumors (28% [150 of 542] v 21% [219 of 1,041] re-
curred; RR, 1.40; 95% CI, 1.12 to 1.74: P " .002, Fig 5). The increased
risk of recurrence in KRAS mutant tumors was not significantly dif-
ferent in the presence and absence of chemotherapy but appeared

more pronounced in rectal (RR, 2.32; 95% CI, 1.56 to 3.46: P ! .001)
than colon cancer (RR, 1.17; 95% CI, 0.90 to 1.52: P " .25) and in men
than women (Fig 6). Few KRAS mutant tumors were dMMR or BRAF
mutant and so investigations of interactions between these markers
and KRAS were uninformative (Fig 6).

Risk of recurrence did not differ significantly between BRAF
mutant and wild-type tumors (19% [24 of 125] v 24% [344 of 1,459]
recurred; RR, 0.84; 95% CI, 0.57 to 1.23; P " .4; Appendix Fig A2,
online only). Risk of recurrence in BRAF-mutant tumors was similarly
nonsignificantly lower in analyses stratified by presence and absence of
chemotherapy, site, and stage of cancer, sex, and KRAS status, but
because of the strong confounding between BRAF and MMR status
(53% of BRAF mutant tumors were dMMR) the trend was reversed
(ie, there was an increased risk of recurrence; RR, 1.32; 95% CI, 0.80 to
2.16; P " .3) in BRAF mutant tumors in analyses stratified by MMR
status (Appendix Figs A3 and A4, online only).

Risk of recurrence was significantly lower with adjuvant
FU/FA chemotherapy than in the observation group (22% [358 of
1,622] v 26% [423 of 1,617] recurred; RR, 0.79; 95% CI, 0.69 to
0.91; P " .001) with most benefit seen in the first 2 years after
random assignment (10% [163 of 1,622] v 15% [236 of 1,617]
recurred; RR, 0.67; 95% CI, 0.55 to 0.81; P ! .001). The reduced
risk of recurrence with chemotherapy was not significantly differ-
ent in dMMR and pMMR, KRAS mutant and wild-type, or BRAF
mutant and wild-type tumors (Fig 7). Few recurrences were seen,
though, in dMMR or BRAF-mutant tumors and so there was
limited statistical power to demonstrate any interactions between
these markers and efficacy of chemotherapy.

DISCUSSION

We report the prognostic and predictive value of three important
putative molecular markers in the QUASAR trial.5 We confirmed the
strong prognostic importance of dMMR with a halving of the risk of
recurrence compared with those with pMMR tumors. MMR was of
strong prognostic value independently of other variables, in particular
whether or not chemotherapy was administered. dMMR was pre-
dominantly seen in parts of the colon proximal to the splenic flexure—
including the transverse colon, which is part of the embryologically
derived midgut—and were rare in the hindgut derived descending,
sigmoid colon and rectum. This well-demarcated distribution sug-
gests that the development of dMMR is related to the properties of the
midgut and not the hindgut epithelium. dMMR is less common in
stage III than stage II so the prognostic importance of MMR is mainly
relevant to right-sided, stage II colon cancer. BRAF mutations were
also largely confined to the midgut but BRAF status yielded no
useful prognostic information (Appendix Fig A2, online only).
There were fewer recurrences in BRAF-mutant tumors, but this
appeared artifactual, explained by some 50% of BRAF-mutant
tumors being low-risk dMMR rather than by BRAF per se. Analyses
of OS and other outcomes mirrored the recurrence findings with,
in particular, MMR not predictive of chemotherapy benefit on OS
(Appendix Fig A5, online only) and BRAF not predictive of sur-
vival after recurrence, as reported in PETACC3,22 or OS.

The lower incidence of dMMR in stage III (node-positive) dis-
ease is noteworthy, suggesting that dMMR tumors have a lower pro-
pensity to metastasize. This interpretation is supported by even lower
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Fig 3. Recurrence by mismatch repair (MMR) status: (A) all patients, (B) colon
stage II only. Obs., observed number of recurrences; Exp., expected number
of recurrences.
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was a statistically significant decreased OS in patients with stage II
disease and dMMR tumors who were treated compared with patients
in the surgery-alone control (HR, 2.95; 95% CI, 1.02 to 8.54; P ! .04).

DISCUSSION

Adjuvant fluoropyrimidine-based therapy in patients with stage III
colon carcinoma is the standard of care worldwide; however, it re-
mains controversial for patients with stage II disease. An American
Society of Clinical Oncology (ASCO) panel in 2004 concluded that
routine administration of adjuvant therapy in stage II colon cancers
was not recommended.29 Pooled analyses have demonstrated a mod-
est 2% to 4% benefit in 5-year DFS for FU-based adjuvant therapy in
stage II colon cancer,29,30 findings which were verified in the recent
QUASAR (Quick and Simple and Reliable) study (5-year OS, 80.3%
for chemotherapy, 77.4% for observation; HR, 0.83; P ! .02).31 The
QUASAR data, coupled with updated results from the MOSAIC
(Multicenter International Study of Oxaliplation/5FU-LV in the
Adjuvant Treatment of Colon Cancer) trial demonstrating no
benefit for adding oxaliplatin to FU/leucovorin in unselected pa-
tients with stage II disease7 or even high-risk patients with stage II
disease,32 support single-agent, fluoropyrimidine-based therapy as the

preferred therapy for a patient with stage II disease in whom chemo-
therapy is deemed appropriate.

ThemodesttherapeuticbenefitofFU-basedtherapyinpatientswith
stageIIdiseaseemphasizestheneedforprognosticandpredictivemarkers
to risk-stratify patients. Fundamental principles of clinical trials require
that predictive marker validation be from trials that randomly assigned
patients between the treatments for which the marker is purported to
predictdifferentialefficacy.Toourknowledge,onlythepreviousreportof
Ribic et al20 and the current analysis meet this level of evidence.

Our findings in the independent data set assembled for this
projectareconsistentandsupportiveof thefindingsofRibicetal.20 MMR
status was a significant prognostic factor in untreated patients in univari-
ate analysis. Although the prognostic effect was not maintained in multi-
variate models, the estimated HRs suggest a strong protective effect. The
prognostic importance of dMMR has been additionally confirmed re-
cently in two large studies of patients with stage II disease.33,34 Regarding
dMMR as a predictive factor, in multivariate models no benefit of treat-
ment was observed in patients with dMMR tumors (HR, 1.39; P ! .56).

The new data presented support MMR status as a clinically useful
marker in patients being considered for fluoropyrimidine-based ther-
apy, in particular in patients with sporadic stage II colon cancer. First,
the favorable prognosis of patients with dMMR (v pMMR) colon
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Fig 2. (A) Disease-free survival (DFS) in patients with stage II disease and defective DNA mismatch repair (dMMR) by treatment status. (B) DFS in patients with stage
III disease and dMMR by treatment status. (C) DFS in patients with stage II disease and proficient MMR (pMMR) by treatment status. (D) DFS in patients with stage
III disease and pMMR by treatment status. HR, hazard ratio; FU, fluorouracil.
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pathological risk characteristics, patient comorbidity and
risk assessment.

! Further adaptation of the treatment according to risk
subgroups: 3 months for CAPOX (T1e3 N1 disease), 6
months for CAPOX (T4 or N2 disease) or 6 months for
FOLFOX (T1e3 N1 or T4 or N2 disease) based on IDEA
collaboration should be made with caution, since this
was based on a post-hoc analysis, non-significant for
interaction [V].

! For patients not fit for or not tolerating oxaliplatin, either
capecitabine or LV5FU2 (de Gramont) infusion is accept-
able adjuvant regimens for a 6-month duration [I, A].

! For patients with low-risk stage II colon cancer, follow-up
is recommended [I, A].

! For patients with intermediate risk (non-MMR/MSI þ any
risk factor except pT4 or <12 lymph nodes assessed), 6
months of fluoropyrimidines should be recommended
[I, B].

! Patients with high-risk stage II (pT4 or <12 lymph nodes
or multiple intermediate risk factors, regardless of MSI)
may be considered for the addition of oxaliplatin [I, C].

! Patients with high-risk stage II colon cancer may be
considered for 3 months of CAPOX, as the IDEA-pooled
analysis showed non-inferiority of 3 months of CAPOX

Figure 4. Recommendations for adjuvant treatment of stage II colon cancer.
CAPOX, capecitabine plus oxaliplatin; CEA, carcinoembryonic antigen; FOLFOX, leucovorin/fluorouracil/oxaliplatin; MSI, microsatellite instability; MSS, microsatellite
stability.
a For pT4 MSI: pT4 is a major risk factor but adjuvant chemotherapy benefit in the presence of MSI is uncertain.
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MSS: Adj CT should be offered to IIB 
and IIC (T4).

May be offered to IIA with high-risk 
factors: <12 ln, PNI, LVI, G3-4, 
obstruction, perforation, BD3 tumor 
budding (≥ 10 buds)
Nº of risk factors should be considered.

Insufficient evidence to routinely 
recommend oxali to high-risk MSS.
MSI and T4/other high-risk features 
(exception: G3): Oxaliplatin.

2817Clinical and Translational Oncology (2024) 26:2812–2825 

tumor grade, intestinal obstruction, tumor perforation, 
and/or grade BD3 tumor budding [25]. The International 
Tumor Budding Consensus Conference concluded that 
specimens with grade BD3 budding are associated with 
an increased risk of recurrence in stage II CRC [26].

For inadequate surgical margins, low- to very low-
quality evidence was found for the effect of ACT versus 
surgery alone.

All studies included in the systematic review of the 
medical literature find a positive effect of ACT on OS in 
patients with pT4 tumors and/or fewer than 12 sampled 
lymph nodes. Based on this data, ACT should be offered 
to these patients [27, 28]. For pT3 tumors, the number 
of risk factors should be considered as part of the shared 
decision-making process, because the presence of risk fac-
tors (including BD3 budding) may increase the risk of 
recurrence. ACT may be offered to patients with stage IIA 
(pT3) colon cancer with high-risk features.

There is not enough evidence to routinely recommend 
the addition of oxaliplatin to fluoropyrimidine-based 
chemotherapy for patients with high-risk stage II colon 

cancer based in exploratory analyses of the MOSAIC trial 
[29].

The presence of MSI-H/dMMR in localized disease 
confers better prognosis and less benefit to adjuvant fluo-
ropyrimidine-only chemotherapy. FP monotherapy is not 
routinely recommended [30]. For pT4 or pT3 plus other 
high-risk features (with the exception of poor differentia-
tion) tumors, oxaliplatin-containing chemotherapy may be 
individually considered. It is based on a subgroup analysis of 
four randomized trials from the IDEA collaboration.

The adjuvant oxaliplatin-containing chemotherapy may 
be offered for a duration of 3 or 6 months, after a discussion 
with the patient of the potential benefits and risks [31].

Recommendations

• Adjuvant chemotherapy (ACT) should not routinely be 
offered to all patients with stage II colon cancer (I, A).

• ACT should not routinely be offered to patients who are 
at low risk for recurrence (III, C).

*Individualize according to age

Stage II

MSI MSS

pT4 or/and

<12 lymph nodes 

No pT4

>12 lymp nodes

With or without 
other risk 
factors

pT4 or/and

<12 lymph nodes 

Other risk factors:

Perineural or 
Lymphovascular 
invasion

Poorly or 
undifferentiated tumor 
grade, 

Intestinal obstruction 

Grade BD3 tumor
budding

NO risk factors

FOLLOW-UP

Consider adjuvant therapy*:
FOLFOX 6 months
CAPOX  6 months/ CAPOX 3 months

Consider adjuvant therapy*:
Fluoropyrimidine monotherapy 6 months
CAPOX 6 months/CAPOX 3 months
FOLFOX 6 months

Fig. 1  Stage II. Adjuvant treatment recommendations. *Individualize according to age and comorbilities

Stage II IMS



Figure 2. 
A-F. Univariable Kaplan Meier analysis stratified by MSI status and high-risk features. MSS 
= patients in MSS/MSI-L group; LVI = lymphovascular invasion; PNI = perineural invasion. 
RM = resection margin; LN = lymph nodes; NS= not significant (p > 0.05).
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loss of SMAD4 expression, and BRAF mutated tumors constitute 
patient subgroups that are relatively small, limiting the variation 
in survival that can be explained by these variables. Nonetheless, 

this study was large enough for a fairly precise estimation of the 
differences. With hazard ratios of similar sizes as those from the T 
and N subclasses, the prediction of patient survival for these groups 
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Figure 3. Kaplan–Meier curves incorporating patient tumor MSI status 
and SMAD4 expression status in selected TNM subgroups. A) RFS and 
B) OS, respectively, in stage II patients with T3N0 and T4N0 tumors with 
95% confidence bands shown as intermitted lines (censoring marks 
have been suppressed for clarity) and with T3N0 and T4N0 subdivided 

by MSI status as indicated. LOE = loss of expression; MSI = microsatel-
lite instability; MSI-H = microsatellite instability high; MS-L/S = micro-
satellite instability low and microsatellite stable; RFS  =  relapse-free 
survival; OS = overall survival.
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Fig 4. Risk of recurrence by mismatch repair (MMR) status in stage II right-sided colon cancer stratified by chemotherapy allocation, T stage, vascular invasion, grade,
histotype, number of nodes examined, sex, KRAS status, and BRAF status. Chemo, chemotherapy; O-E, observed minus expected number of recurrences; OR, odds
ratio; Var, variance of O-E.
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Fig 4. Risk of recurrence by mismatch repair (MMR) status in stage II right-sided colon cancer stratified by chemotherapy allocation, T stage, vascular invasion, grade,
histotype, number of nodes examined, sex, KRAS status, and BRAF status. Chemo, chemotherapy; O-E, observed minus expected number of recurrences; OR, odds
ratio; Var, variance of O-E.
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Fig 4. Risk of recurrence by mismatch repair (MMR) status in stage II right-sided colon cancer stratified by chemotherapy allocation, T stage, vascular invasion, grade,
histotype, number of nodes examined, sex, KRAS status, and BRAF status. Chemo, chemotherapy; O-E, observed minus expected number of recurrences; OR, odds
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• FOxTROT was the first phase III randomised-controlled trial to show that neoadjuvant chemotherapy (NAC) is associated with a 
significant reduction in recurrence risk in locally advanced colon cancer (T3-4 N0-2 M0 on CT).1

• Patient selection for NAC relies on radiological assessment, which is a major shift in practice. Furthermore, the limitations of
matching radiology and pathology are well known.2,3

• As neoadjuvant therapies become more established in colon cancer, assessing baseline risk prior to surgery becomes 
increasingly important.

• The impact of radiological features on prognosis in locally advanced colon cancer is unknown.

• We analysed baseline CT data from FOxTROT participants to identify imaging biomarkers for the selection of high-risk patients.

• The following radiological data were reported by the local radiology Lead and collected during the trial using case report forms: 
tumour location, T stage, depth of extramural extension (mm), maximum tumour thickness (mm), N stage, the presence of a 
lymph node ≥10mm and extramural venous invasion (EMVI) status.

• Univariable/multivariable analyses for time to recurrence (TTR; defined as time from randomisation to disease recurrence) 
were performed for each variable using Cox proportional hazards in all participants and visualised using Kaplan-Meier curves.

• Depth of extramural extension and maximum tumour thickness were assessed as both continuous and dichotomised variables 
(threshold chosen using Youden’s index).

• Analyses were repeated according to mismatch repair (MMR) status.

Introduction

Methods

Results

• In locally advanced colon cancer, radiological T stage, depth of extramural extension, maximum tumour 
thickness, EMVI status and lymph nodes ≥10mm are associated with recurrence risk and represent 
important prognostic biomarkers to guide the selection of high-risk patients for neoadjuvant therapies 
and intensive surveillance strategies.

• Depth of extramural extension and maximum tumour thickness maintain prognostic value when 
adjusted for T stage.

• The prognostic value of radiological features differ according to MMR status, which may reflect 
differences in underlying biology or challenges of radiological assessment. 

• Further research is required to identify clinically relevant imaging biomarkers, including those which 
predict neoadjuvant therapy benefit, and develop multi-modal approaches to patient stratification.

Conclusions

Additional information: James R Platt (presenting author) has no DOIs to disclose; The FOxTROT trial was sponsored by the University of Birmingham; * DJMT and JFS should be considered joint senior authors.
References: 1. Morton, D., et al., Preoperative Chemotherapy for Operable Colon Cancer: Mature Results of an International Randomized Controlled Trial. J Clin Oncol, 2023: p. Jco2200046. 2. Dighe, S., et al., Diagnostic precision of CT in local staging of colon cancers: a meta-analysis. Clin Radiol, 2010. 65(9): p. 708-19. ., et al., Preoperative Chemotherapy for Operable Colon Cancer: Mature Results of an International Randomized Controlled Trial. J Clin Oncol, 2023: p. Jco2200046. 3. Nerad, E., et al., Diagnostic Accuracy of CT for Local Staging of Colon Cancer: A Systematic Review and Meta-Analysis. AJR Am 
J Roentgenol, 2016. 207(5): p. 984-995. 

Results

Table 5. Univariable Analysis for Time to Recurrence According to MMR Status
pMMR dMMR

Radiological Feature Hazard ratio (95% CI) c P value c Hazard ratio (95% CI) c P value c

Tumour side a Right 1.0 1.0
Left 0.76 (0.56-1.05) 0.10 1.33 (0.55-3.19) 0.53

T stage b T3 1.0 1.0
T4 1.35 (0.95-1.92) 0.10 2.11 (1.10 – 4.06) 0.03

Depth of tumour extension Continuous 1.03 (1.01-1.05) 0.0005 1.02 (0.98-1.05) 0.39
≤7 1.0 1.0
>7 1.74 (1.26-2.38) 0.001 1.18 (0.61-2.26) 0.62

Maximum tumour thickness Continuous 1.14 (1.00-1.29) 0.05 1.19 (1.00-1.40) 0.045
≤25 1.0 1.0
>25 1.51 (1.08-2.12 0.02 2.26 (1.18-4.34) 0.01

N stage b N0 1.0 1.0
N1 1.03 (0.69-1.54) 0.88 1.83 (0.61-5.49) 0.28
N2 1.19 (0.77-1.84) 0.42 3.09 (1.04-9.20) 0.04

Node ≥10mm No 1.0 1.0
Yes 1.35 (0.98-1.87) 0.07 1.72 (0.90-3.32) 0.10

EMVI Absent 1.0 1.0
Present 1.32 (0.95-1.83) 0.10 1.82 (0.86-3.85) 0.12

a Right sided tumours: those proximal to the splenic flexure. b According to AJCC TNM version 5. c Cox proportional hazards.

Table 1. Baseline Characteristics
Total (n = 1,052) d

Age, years (range) Mean 63.0 (27.0-83.0)
Sex, n (%) Male 672 (63.9%)

Female 380 (36.1%)
MMR status a, n (%) pMMR 729 (79.8%)

dMMR 185 (20.2%)
Tumour side b, n (%) Right 508 (48.8%)

Left 534 (51.2%)
Radiological T stage c, n (%) T2 2 (0.2%)

T3 779 (74.5%)
T4 264 (25.3%)

Depth of extramural extension, mm (range) Median 7 (0-50)
Maximum tumour thickness, mm (range) Median 18 (1-96)
Radiological N stage c, n (%) N0 250 (23.9%)

N1 497 (47.6%)
N2 298 (28.5%)

Lymph node ≥10mm, n (%) No 715 (68.8%)
Yes 324 (31.2%)

Radiological EMVI, n (%) Absent 405 (39.0%)
Present 634 (61.0%)

a Tested using immunohistochemistry. b Right sided tumours defined as those proximal to the splenic flexure. c According to AJCC 
TNM version 5. d Unknowns for each category not shown.

Link to FOxTROT publication

Figure 1. Risk of recurrence following NAC or upfront surgery in FOxTROT. NAC = neoadjuvant chemotherapy; RR = rate ratio.

Figure 4. Example CT images of high-risk features. A) Axial image of a T4 sigmoid tumour with invasion of the uterus. B) 
Coronal image of a sigmoid tumour with 15mm extramural extension. C) Coronal image of a hepatic flexure tumour with 
maximum thickness of 36mm.

Tumour Uterus
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Table 3. Multivariable Analysis Adjusted for T Stage
Radiological Feature Hazard ratio (95% CI) c P value c

Depth of extramural extension Continuous 1.03 (1.01-1.04) 0.001
≤7 1.0
>7 1.54 (1.17-2.04) 0.002

Maximum tumour thickness Continuous 1.13 (1.03-1.24) 0.01
≤25 1.0
>25 1.44 (1.09-1.91) 0.01

a Cox proportional hazards.

Figure 5. Exploratory analysis of the correlation between radiological 
depth of extramural extension and maximum tumour thickness. Using 
previously established thresholds (Table 2), individual tumours were 
divided into four groups.

Table 4. Correlation Between Tumour Extension and Thickness
Thickness ≤25mm Thickness >25mm

Extension ≤7mm 471 (45.5%) 77 (7.44%)
Extension >7mm 281 (27.2%) 206 (19.9%)

Link to FOxTROT 
platform website

Results

j.r.platt@leeds.ac.uk

@jplatt_19

Pearson’s correlation coefficient (r) = 0.42

Figure 2. Survival curves for time to recurrence in all FOxTROT participants according to: A) Radiological T stage. B) Depth 
of extramural extension. C) Maximum tumour thickness. TTR = time to recurrence.

A B C

Table 2. Univariable Analysis for Time to Recurrence in All Participants 
Radiological Feature Hazard ratio (95% CI) c P value c

Tumour side a Right 1.0
Left 0.88 (0.68-1.14) 0.32

T stage b T3 1.0
T4 1.57 (1.19-2.07) 0.001

Depth of extramural extension Continuous 1.03 (1.02-1.04) 0.00001
≤7 1.0
>7 1.67 (1.29-2.18) 0.0001

Maximum tumour thickness Continuous 1.16 (1.06-1.27) 0.001
≤25 1.0
>25 1.59 (1.21-2.09) 0.001

N stage b N0 1.0
N1 1.02 (0.73-1.44) 0.90
N2 1.35 (0.94-1.92) 0.10

Node ≥10mm No 1.0
Yes 1.40 (1.07-1.83) 0.01

EMVI Absent 1.0
Present 1.41 (1.07-1.86) 0.02

a Right sided tumours: those proximal to the splenic flexure. b According to AJCC TNM version 5. c Cox proportional hazards.

A CB

Figure 3. Example CT images of lower-risk features. A) Axial image of a T3 sigmoid tumour. B) Axial image of a caecum 
tumour with 5mm extramural extension. C) Axial image of a sigmoid tumour with maximum thickness of 13mm.
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NSABP C-07 study, no evidence for oxaliplatin activity was found
in patients with dMMR tumors,20 which can be explained because
the IHC loss of PMS2 and MSH6 expression was not accounted for
by the dMMR definition. Conversely, loss of MMR in the current
analysis was determined according to IHC positivity for not only
MLH1 or MSH2 but also PMS2 and MSH6 genes, as confirmed by
PCR. To demonstrate a statistically significant impact of oxalipla-
tin on survival in the subset of patients with dMMR tumors, a

pooled analysis of MOSAIC and NSABP C-07 that uses the same
definition of dMMR status is ongoing.

In clinical practice, determination of BRAFV600E mutation and
MMR statuses in patients with stage III colon cancer will not help
the clinician in treatment decision making, because these two
parameters will not change the standard of care, which comprises 6
months of oxaliplatin-based chemotherapy combined with a fluo-
ropyrimidine. Patients with dMMR stage II and III colon cancer

2UF5VL srovaF4XOFLOF srovaF

Hazard Ratio

21.5 2.5 3.510.1 0.5

Subgroup LV5FU2, n FOLFOX4, n HR LCL UCL P
 

Sex
  Male 588 630 0.82 0.66 1 .051
  Female 535 493 0.89 0.7 1.13 .325
 

Age, years
  ≤ 70 963 968 0.78 0.66 0.93 .006
  > 70 160 155 1.19 0.83 1.7 .338
 

T
  1–2 62 57 1.55 0.63 3.8 .338
  3 852 853 0.8 0.66 0.96 .015
  4 208 213 0.93 0.68 1.27 .654
 

N
  0 447 452 1.01 0.75 1.36 .946
  1 442 440 0.86 0.67 1.11 .248
  2 231 229 0.71 0.54 0.93 .013
 

Obstruction
  No 906 922 0.89 0.74 1.07 .204
  Yes 217 201 0.75 0.55 1.03 .072
 

Perforation
  No 1,045 1,045 0.84 0.71 0.99 .033
  Yes 78 78 1.01 0.62 1.64 .98
 

CEA
  < 5 1,024 1,023 0.86 0.73 1.02 .077
  ≥ 5 60 52 1.15 0.63 2.07 .654
 

Differentiated
  Well 192 242 1.22 0.83 1.8 .314
  Moderately 722 692 0.77 0.63 0.94 .011
  Poorly 148 142 1 0.68 1.46 .99
 

ECOG PS
  0,1 984 968 0.8 0.68 0.95 .012
  2,3 139 155 1.11 0.76 1.64 .581
 

Stage
  II 448 451 1 0.74 1.35 .981
  III 675 672 0.8 0.66 0.96 .016
 

Colon
  Left 630 605 0.83 0.67 1.03 .085
  Right 374 394 0.85 0.65 1.12 .245
 

dMMR 51 44 0.42 0.16 1.07 .069
pMMR 442 471 0.91 0.72 1.15 .428
 

BRAF
  WT 395 413 0.93 0.73 1.2 .582
  Mutated 44 50 0.66 0.31 1.42 .291
 

Overall MOSAIC  1,123 1,123 0.85 0.73 1 .043
  population

Fig 4. Forest plot of treatment effects (hazard ratio [HR]) on overall survival (OS; n ! 2,246). CEA, carcinoembryonic antigen; dMMR, mismatch repair deficient;
ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFOX4, fluorouracil, leucovorin, and oxaliplatin; LCL, lower confidence limit; LV5FU2,
leucovorin and fluorouracil; MOSAIC, Multicenter International Study of Oxaliplatin/Fluorouracil/Leucovorin in the Adjuvant Treatment of Colon Cancer; pMMR,
mismatch repair proficient; UCL, upper confidence limit; WT, wild type.
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patients included (n = 433), 2) the existence of a control group 
treated with surgery alone, and 3)  the adjustment for several 
clinical and pathological features in the multivariable analy-
ses model. The results provided by our study may be of great 
interest to clinicians as they could help with decision-making 
regarding adjuvant treatment for dMMR CC patients.

In conclusion, we report in this largest study of dMMR CC 
patients a statistically significant improvement in DFS with 
oxaliplatin-based adjuvant chemotherapy in comparison with 
surgery alone in stage III patients. The observational nature of 
the study implies caution should be taken in the interpretation 
of these results.
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Figure 2. Disease-free survival (DFS) according to the adjuvant chemotherapy regimen and tumor stage. Survival curves are represented using the Kaplan-Meier 
method, and survival rates were compared with the use of the two-sided log-rank test. DFS curves are presented according to adjuvant chemotherapy in (A) stage III 
and (B) high-risk stage II. Numbers of patients at risk in each group at various time points are given in the tables below each graph.
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patients included (n = 433), 2) the existence of a control group 
treated with surgery alone, and 3)  the adjustment for several 
clinical and pathological features in the multivariable analy-
ses model. The results provided by our study may be of great 
interest to clinicians as they could help with decision-making 
regarding adjuvant treatment for dMMR CC patients.

In conclusion, we report in this largest study of dMMR CC 
patients a statistically significant improvement in DFS with 
oxaliplatin-based adjuvant chemotherapy in comparison with 
surgery alone in stage III patients. The observational nature of 
the study implies caution should be taken in the interpretation 
of these results.
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time for covariates.29 Analyses were carried out using SAS
software (version 9.4; SAS Institute Inc, Cary, NC).

RESULTS

Population Characteristics

Five thousand four hundred and fifty-seven patients with
stage III CC who were enrolled in 12 randomized trials were
included in this study (Appendix Fig A1 and Appendix
Table A1, online only), including 609 patients with MSI/
dMMR (11.8%) and 4,848 patients with MSS/pMMR
(88.8%). Of those studies, there were six randomized tri-
als testing surgery with or without FP (49 MSI/dMMR and
357 MSS/pMMR), two trials testing FP with or without
oxaliplatin (185 MSI/dMMR and 1,440 MSS/pMMR), and
four additional trials with at least one treatment arm con-
sisting of oxaliplatin plus FP (375 MSI/dMMR and 3,051
MSS/pMMR).

Overall, patients with MSI/dMMR CC were more frequently
female and T1-3 tumor stage, with a larger number of
lymph nodes examined and moderate or poor tumor dif-
ferentiation. They more frequently had tumors arising from
the right colon and harboring BRAFV600E mutation (Ap-
pendix Table A2, online only). The overall median follow-up
was 7.2 years (95% CI, 7.2 to 7.3).

Effect of Adjuvant Therapy With FP Alone on Survival

Individual patient data from six randomized trials testing
surgery with or without FP as adjuvant treatment were
pooled. One thousand seven hundred fifty of 3,270 patients
enrolled in these studies had stage III CC, of which 23%

had known MSI/dMMR status, leading to 406 patients (49
MSI/dMMR and 357 MSS/pMMR) available for analysis
(Appendix Table A1). Adjuvant treatment with FP alone was
associated with better outcomes in the MSS/pMMR group
but not in the MSI/dMMR population (Appendix Tables A3
and A4, and Appendix Fig A2, online only).

Effect of FP Plus Oxaliplatin on Survival: Pooled Analysis
of the C-07 and MOSAIC Trials

Individual data from patients with known MSI/dMMR status
enrolled in the C-07 and MOSAIC trials (FP-based adjuvant
therapy with or without oxaliplatin) were analyzed. One
hundred and eighty five patients were MSI/dMMR (11.4%)
and 1,440 patients were MSS/pMMR (88.6%) (Appendix
Table A5, online only). Kaplan-Meier curves for OS andDFS
are displayed in Figure 1. The adjusted hazard ratios (HRs)
for OS comparing FP plus oxaliplatin with FP alone were
0.52 (95% CI, 0.28 to 0.93) and 0.89 (95% CI, 0.74 to
1.06) in the MSI/dMMR and MSS/pMMR populations,
respectively. The interaction effect between MSI/dMMR
status and oxaliplatin effect did not reach statistical
significance (interaction test P value 5 .11). Similar
results were observed for DFS (HR, 0.47; 95% CI, 0.27 to
0.82 and HR, 0.82; 95% CI, 0.70 to 0.97 in MSI/dMMR
and MSS/pMMR groups; interaction test P value 5 .14).
The efficacy of oxaliplatin combined with 5-fluorouracil
plus leucovorin by subgroups of the MSI/dMMR pop-
ulation is displayed in Appendix Figure A3 (online only).
No violation to PH assumption regarding the treatment
variable (P 5 .75) was detected.
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FIG 1. Effect of FP-based and oxaliplatin-based adjuvant treatment according to the MSI/dMMR status. Overall survival (A) and disease-free survival (B) of
patients treated with FP or FP plus oxaliplatin therapy. dMMR,mismatch repair system deficiency; FP, fluoropyrimidine; HR, hazard ratio; KM, Kaplan-Meier;
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come for FOLFOX adjuvant treatment. The relatively low ben-
efit in terms of 3-year DFS rates (75.6% vs 74.4%) associated
with a significant decrease in the risk of recurrence in multi-
variate analysis (HR, 0.74) is related to the fact that our study
is a post hoc and unplanned analysis with imbalanced sub-
groups of patients (Table). Therefore, the unadjusted analy-
sis highlights a survival benefit that may appear to be low but
is actually clinically meaningful based on multivariate analy-
sis that adjusts the results on clinical and pathological char-
acteristics of these two groups.

Limitations
The main study limitation is the lack of mature follow-up to
assess the overall survival.

Conclusions
In conclusion, this large pooled analysis showed that dMMR
is a favorable prognostic factor in patients with stage III colon
cancer treated with FOLFOX adjuvant chemotherapy. Future
clinical trials in the adjuvant setting should consider this mo-
lecular characteristic as an important stratification factor.
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Among dMMR/MSI: distal, N2 and ctDNA+ have poor outcome

N2 Distal KRAS and BRAF

with MSI/dMMR status was strengthened if a patient can
survive beyond 3-4 years. For the high-risk subgroup, the
detrimental survivorship in patients with MSI/dMMR status
was likely during the early time after treatment (before 3-4
years).

Prognosticators of the MSI/dMMR Population Treated
With Oxaliplatin Plus FP

Table 1 summarizes results from the univariate and mul-
tivariable analyses among the 461 patients with MSI/dMMR
treated with oxaliplatin plus FP. In univariate analysis, sex, T
stage, N stage, TN stage, and LNR were found prognostic
for OS. BRAFV600E mutation was not associated with poorer
outcomes in the MSI/dMMR population (HR, 1.18; 95% CI,

0.77 to 1.81) or the proximal location of the tumor. LNR and
TN stage were excluded from the multivariable model be-
cause of collinearity with the N stage. The prognosticators for
patients with MSI/dMMR stage III CC in the multivariable
model were N stage (N2 v N1; HR, 3.10; 95% CI, 2.13 to
4.50), T stage (T4 v T1-3; HR, 2.39; 95% CI, 1.56 to 3.66),
and sex (male v female; HR, 1.71; 95% CI, 1.14 to 2.58).
Kaplan-Meier 3-year DFS estimates were, respectively, 65.0%
(95% CI, 6% to 70.0%) versus 87.0% (95% CI, 84.3% to
89.9%) for N2 and N1 MSI/dMMR groups, 60.4% (95% CI,
52.9% to 68.9%) versus 82.1% (95% CI, 79.5% to 84.9%)
for T4 and T1-3 MSI/dMMR groups, and 64.5% (95% CI,
60.1% to 69.2%) versus 90.1% (87.5%-92.8%) for high-risk
and low-risk MSI/dMMR CC patients.
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FIG 3. Outcomes of patients treated with oxaliplatin plus FP according to MSI status and N stage. Overall survival (A) and disease-free survival (B) of
patients treated with FP plus oxaliplatin therapy by MSI/MSS status and N stage; overall survival (C) and disease-free survival (D) of patients treated with FP
plus oxaliplatin therapy by MSI/MSS status and TN stage. FP, fluoropyrimidine; HR, hazard ratio; MMR, mismatch repair system; MSI, microsatellite
instability; MSS, microsatellite stable.
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DISCUSSION

We determined the prognostic impact of MMR status in prospectively
collected stage III colon cancers from patients treated in an adjuvant
study of FOLFOX ! cetuximab.23 Study arms were combined for the
analysis because the addition of cetuximab did not improve outcome
and no interaction between treatment and any of the biomarkers was
observed. Among 314 dMMR tumors (12%), 49% carried BRAFV600E

mutations, and 10.6% had KRAS mutations. Although MMR status
was not prognostic in the overall cohort, its association with DFS
depended on tumor site as shown by a statistically significant interac-
tion. Whereas dMMR versus pMMR was associated with a statistically
significant DFS advantage in proximal tumors, dMMR was unexpect-
edly associated with worse DFS in distal tumors. Patients with distal (v

proximal) dMMR tumors were significantly more likely to be younger
(age 52 v 63 years, respectively; P " .001) and to have lower rates of
mutation in BRAFV600E (20% v 54%, respectively; P" .001) but higher
rates of mutation in KRAS (28% v 8%, respectively; P " .001). We
validated our finding for the dependence of MMR on tumor site for
DFS in an independent cohort of patients with stage III colon cancer
randomly assigned to FU/leucovorin ! irinotecan in another adju-
vant trial (CALGB 8980327). In that cohort, a statistically significant
interaction was also found between MMR and tumor site for DFS.
Taken together, these data indicate that the tumor site dependence of
MMR for prognosis seems unrelated to the chemotherapy regimen
used but is likely a result of intrinsic biologic factors.

We found a similar frequency of N2 disease in dMMR and
pMMR tumors that was unexpected because dMMR has been
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DISCUSSION

We determined the prognostic impact of MMR status in prospectively
collected stage III colon cancers from patients treated in an adjuvant
study of FOLFOX ! cetuximab.23 Study arms were combined for the
analysis because the addition of cetuximab did not improve outcome
and no interaction between treatment and any of the biomarkers was
observed. Among 314 dMMR tumors (12%), 49% carried BRAFV600E

mutations, and 10.6% had KRAS mutations. Although MMR status
was not prognostic in the overall cohort, its association with DFS
depended on tumor site as shown by a statistically significant interac-
tion. Whereas dMMR versus pMMR was associated with a statistically
significant DFS advantage in proximal tumors, dMMR was unexpect-
edly associated with worse DFS in distal tumors. Patients with distal (v

proximal) dMMR tumors were significantly more likely to be younger
(age 52 v 63 years, respectively; P " .001) and to have lower rates of
mutation in BRAFV600E (20% v 54%, respectively; P" .001) but higher
rates of mutation in KRAS (28% v 8%, respectively; P " .001). We
validated our finding for the dependence of MMR on tumor site for
DFS in an independent cohort of patients with stage III colon cancer
randomly assigned to FU/leucovorin ! irinotecan in another adju-
vant trial (CALGB 8980327). In that cohort, a statistically significant
interaction was also found between MMR and tumor site for DFS.
Taken together, these data indicate that the tumor site dependence of
MMR for prognosis seems unrelated to the chemotherapy regimen
used but is likely a result of intrinsic biologic factors.

We found a similar frequency of N2 disease in dMMR and
pMMR tumors that was unexpected because dMMR has been
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DISCUSSION

We determined the prognostic impact of MMR status in prospectively
collected stage III colon cancers from patients treated in an adjuvant
study of FOLFOX ! cetuximab.23 Study arms were combined for the
analysis because the addition of cetuximab did not improve outcome
and no interaction between treatment and any of the biomarkers was
observed. Among 314 dMMR tumors (12%), 49% carried BRAFV600E

mutations, and 10.6% had KRAS mutations. Although MMR status
was not prognostic in the overall cohort, its association with DFS
depended on tumor site as shown by a statistically significant interac-
tion. Whereas dMMR versus pMMR was associated with a statistically
significant DFS advantage in proximal tumors, dMMR was unexpect-
edly associated with worse DFS in distal tumors. Patients with distal (v

proximal) dMMR tumors were significantly more likely to be younger
(age 52 v 63 years, respectively; P " .001) and to have lower rates of
mutation in BRAFV600E (20% v 54%, respectively; P" .001) but higher
rates of mutation in KRAS (28% v 8%, respectively; P " .001). We
validated our finding for the dependence of MMR on tumor site for
DFS in an independent cohort of patients with stage III colon cancer
randomly assigned to FU/leucovorin ! irinotecan in another adju-
vant trial (CALGB 8980327). In that cohort, a statistically significant
interaction was also found between MMR and tumor site for DFS.
Taken together, these data indicate that the tumor site dependence of
MMR for prognosis seems unrelated to the chemotherapy regimen
used but is likely a result of intrinsic biologic factors.

We found a similar frequency of N2 disease in dMMR and
pMMR tumors that was unexpected because dMMR has been
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dMMR

pMMR

Distal

Proximal

(Sinicrope, J Clin Oncol 2013) consistently associated with lower tumor stage at diagnosis and is
uncommon in advanced CRCs.16,24-26 In our cohort, a statistically
significant interaction was found between MMR and nodal cate-
gory for their impact on DFS. N2 versus N1 tumors showed signif-
icantly worse outcome in both dMMR and pMMR tumors, with a
stronger effect in the former. This interaction, however, was not
validated in the independent cohort. Although this may be related
to an inability to adjust for BRAFV600E and KRAS status, which was
not available in the full validation cohort,31,32 we did validate the
interaction between MMR and tumor site despite this limitation.

The lack of association of MMR status with DFS in the overall
cohort deserves comment. Most prior studies examining the prognos-
tic impact of MMR have not adjusted for BRAFV600E or KRAS status.
Furthermore, we identified poor prognostic subgroups among
dMMR tumors (ie, distal and N2 tumors). Although our cohort was
restricted to stage III cancers, studies demonstrating a favorable out-
come for dMMR versus pMMR colon cancers have generally com-
bined stage II and III tumors,14-17,25,27 suggesting that the favorable
survival impact of dMMR may be stronger in earlier stage disease.16,25,37

Another factor is treatment with the FOLFOX regimen because, in con-
trastwithFU,19 oxaliplatinchemotherapysensitivityseemstobeindepen-
dent of the MMR system because oxaliplatin forms platinum adducts
with DNA that cannot be repaired in MMR-deficient cells.22 A study in
stage II and III colon cancers (National Surgical Adjuvant Breast and
Bowel Project C-07) found that the survival benefit of adding oxaliplatin
to adjuvant FU/leucovorin was unrelated to MMR status.38 Therefore, a
survival benefit from oxaliplatin in both dMMR and pMMR tumors
could attenuate any prognostic difference based on MMR status.

Although BRAFV600E mutations are strongly associated with
dMMR, BRAFV600E mutations were significantly more frequent in N2
versus N1 cancers. In the overall cohort, BRAFV600E and KRAS muta-
tions were each independently associated with a statistically significant
reduction in DFS compared with wild-type tumors. When analyzed
by MMR status, the prognostic impact of BRAFV600E or KRAS was
limited to pMMR tumors, although the dMMR subgroups were ad-
mittedly smaller and the interaction test was not significant. Neither
BRAFV600E nor KRAS mutations were associated with relapse-free
survival in stage II or III colon cancers in the Pan-European Trials in
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Fig 4. Impact of (A and B) BRAFV600E or (C and D) KRAS mutations on disease-free survival according to DNA mismatch repair (MMR) status. MMR status is defined
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ATOMIC trial (Phase III): Adding atezolizumab to mFOLFOX6 
significantly improves DFS for dMMR stage III



3. CirculaGng tumour DNA (ctDNA) 



(92%) and in 66 of the 72 patients who completed 24 weeks
of chemotherapy (92%). Summary results of postsurgical and
postchemotherapy ctDNA analysis for the 78 patients who com-
pleted at least 12 weeks of therapy are shown in eTable 2 in the
Supplement. Circulating tumor DNA findings were positive af-
ter chemotherapy in 13 (17%) of 78 patients. In the 72 patients
who completed all 24 weeks of therapy, ctDNA was detect-
able after chemotherapy in 10 of 66 (15%).

In the 1 patient who did not receive adjuvant chemo-
therapy, postsurgical ctDNA finding was positive, and the pa-
tient experienced disease recurrence at 6 months. eTable 3 in
the Supplement shows the serial ctDNA and CEA results, re-
currence outcome, and patterns of failure (where applicable)
for all patients. For the 10 patients with a positive postchemo-
therapy ctDNA finding who experienced recurrence, the me-
dian time to recurrence from the postchemotherapy blood draw
was 51 days (range, 9-470 days). Of these, recurrence was de-
tected on the planned end-of-treatment imaging in 7 pa-
tients; 2 patients underwent earlier-than-planned imaging, one
for an elevated postsurgical CEA level that continued to rise

during adjuvant chemotherapy and the other for a clinical
symptom that was unrelated to the cancer recurrence.

ctDNA Status and RFI
As of October 12, 2018, median follow-up was 28.9 months
(range, 11.6-46.4 months). During this period, 24 patients (25%)
experienced a recurrence, including 18 of 85 patients (21%)
treated with at least 12 weeks of adjuvant chemotherapy, 15
of 72 (21%) who completed 24 weeks of adjuvant chemo-
therapy, and 1 of 1 (100%) who did not receive chemotherapy.
Postsurgical ctDNA was detectable in 10 of 24 patients (42%)
with recurrence.

Patients with detectable ctDNA after surgery had an in-
creased risk of recurrence (HR, 3.8; 95% CI, 2.4- 21.0; P < .001)
(Figure 2A). Kaplan-Meier estimates of RFI at 3 years for pa-
tients with positive ctDNA findings were 47% (95% CI, 24%-
68%) and for those with ctDNA-negative findings were 76%
(95% CI, 61%-86%). The ctDNA status of the postchemo-
therapy sample was strongly associated with RFI (HR, 6.8; 95%
CI, 11.0-157.0; P < .001) (Figure 2B). Three-year RFI was 30%

Figure 2. Kaplan-Meier Estimates of Recurrence-Free Interval According to Circulating Tumor DNA (ctDNA) Status
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collected within 3 months of recurrence, ctDNA detection
increased across all sites (Figure 3G). Comparing the ctDNA
level between metastatic sites within 3 months of recur-
rence (Figure 3H), we noted a tendency toward lower me-
dian ctDNA level for patients with lung or peritoneal
metastases compared to other sites, though there were too
few patients for statistical testing.

Customizing the ctDNA detection threshold for the clinical
setting

To describe the potential clinical consequences of priori-
tizing ctDNA approaches with either high sensitivity or high
specificity, we modeled the expected performance of
ctDNA-guided post-operative ACT allocation in high-risk
versus low-risk patients. In addition to our standard
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Figure 2. Post-operative ctDNA detection and clearance by adjuvant treatment. (A) KaplaneMeier curve stratified by ctDNA detection post-OP (within 60 days after
operation, before start of ACT). Only for patients with radiological follow-up and analyzed post-OP sample (n ¼ 797). (B) Performance of ctDNA detection post-OP for
recurrence prognostication (n ¼ 797). Performance measured were NPV, PPV, sensitivity, and specificity. (C) Forest plot of multivariable Cox regression analysis
including post-OP ctDNA detection, age, sex, ACT treatment, and clinicopathological risk factors. Association to RFS depicted [hazard ratio (square) and confidence
interval (whiskers)]. The dotted line denotes the null hypothesis of no association with RFS. Statistical significance denoted by asterisks. (D) Time to recurrence
detection in post-OP ctDNA-positive (n ¼ 43) and ctDNA-negative (n ¼ 81) recurrence patients. Difference in time to recurrence denoted on boxplot with P value
(Wilcoxon signed rank test). (E) Observed post-OP ctDNA level (GE/ml) in recurrence (n ¼ 43) and non-recurrence (n ¼ 14) ctDNA-positive patients. Points colored
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ACT sample was collected up to 3 months after end of ACT (median 38 days after ACT, IQR: 19-67 days). Patients are colored according to recurrence status.
ACT, adjuvant chemotherapy; AIC, Akaike information criterion; CI, confidence interval; ctDNA, circulating tumor DNA; dMMR, mismatch repair-deficient; GE, genome
equivalents; HR, hazard ratio; IQR, interquartile range; NPV, negative predictive value; pMMR, proficient mismatch repair; post-OP, post-operatively; PPV, positive
predictive value; RFS, recurrence-free survival.
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stage III study participants; Supplementary Table S3). The HR was 
adjusted to account for the 24% recurrence rate observed in the 
study. The longitudinal adjusted HR was 21.9 overall (42.24 for 
stage II study participants and 18.35 for stage III study participants). 

Association between 12-week CEA and DFS (a post hoc 
analysis) 

CEA is a known disease biomarker for study participants with 
colorectal cancer. For this analysis, we focused on the 66 study 
participants who had an MRD call available at 12 weeks postsurgical 
resection. Of those study participants, four had missing CEA values 
at 12 weeks postsurgical resection, and one experienced recurrence 
before 12 weeks (recurrence took place at 8 weeks) leaving 61 study 
participants with CEA data to analyze. Abnormal CEA results were 
classified as those with values >5.0 ng/mL, whereas normal CEA 
results were those </â 5.0 ng/mL. 

CEA normal status at 12 weeks postsurgery was associated with 
longer DFS than CEA abnormal status (adjusted HR, 2.13; Fig. 4A). 

MRD� study participants at 12 weeks postsurgery had longer DFS 
than MRD+ study participants at the same time point (adjusted HR, 
9.69; Fig. 4B). The adjusted HR for MRD relative to CEA at 
12 weeks postsurgery was >4.5-fold. The adjusted median survival 
for MRD+ study participants was 6.3 months (25.1 weeks) and not 
reached within the 72 weeks (18 months) follow-up for MRD�
study participants at 12 weeks postsurgery. 

Preoperative MRD association with DFS 
Out of the 67 available presurgery samples, 57 (85.1%) were 

MRD+. Adjusted HR for MRD status versus DFS was 0.82. Pre-
surgery MRD status does not seem to be a prognostic indicator of 
recurrence (Supplementary Table S4). 

Discussion 
Relative to tumor-informed MRD assays, tumor-naı̈ve ctDNA- 

based MRD assays promise faster turnaround time, require no tissue 
acquisition, and better capture overall tumor heterogeneity. Despite 
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DFS and xM comparison to CEA. A, The adjusted 
median DFS time for MRD+ study participants is 
25.1 weeks (6.3 months) vs. not reached within 
72 weeks (18 months) for MRD� study participants. 
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CI for Kaplan–Meier estimates. B, Adjusted HR for 
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Extended Data Fig. 7 | ctDNA-based MRD testing is predictive of the benefit of 
ACT in postsurgical patients with colon cancer. a-f. Kaplan-Meier estimates for 
DFS stratified by adjuvant treatment (observation versus ACT) in MRD-positive 
and -negative patients with: (a-b) pathological high-risk stage II or stage III, (c-d) 
high-risk stage II and (e-f ) stage III disease. P = 1.43 × 10−12 (a); P = 5.38 × 10−5 (c); 
P = 8.79 × 10−10 (e). Two-sided Chi-square test for bar plots: P = 1.39 × 10−5 (a). *HR 

was adjusted by age, sex, stage (A, B), and ECOG performance status. Hazard 
ratios (HRs) and 95% CIs were calculated using the Cox proportional hazard 
model. P values were calculated using the two-sided log-rank test. The analysis 
was landmarked at 2 months post-surgery. Median DFS and percent DFS at 24 
months were estimated from the landmark time point. Abbreviations: ACT, 
adjuvant chemotherapy; MRD, molecular residual disease.
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duration was insufficient to evaluate the impact of MRD status on OS. 
In this updated analysis with 2,240 patients and 23-month median 
follow-up, we demonstrate that ctDNA-based MRD detection is a 
powerful prognostic biomarker for OS as well as DFS in patients with 
resected CRC.

In the present analysis, ctDNA positivity emerged as the most 
significant prognostic factor associated with poor OS, outperform-
ing other well-established clinicopathological features. Furthermore, 

among patients with radiological recurrence, presence of ctDNA  
positivity significantly correlated with higher mortality compared 
to ctDNA negativity, regardless of recurrence sites, and with fewer 
opportunities for curative metastasectomy. These findings underscore 
the urgent need for novel therapeutic approaches for this population, 
both in the adjuvant setting and after clinical recurrence. This updated 
analysis also strongly validates our previous finding that observation 
alone may be sufficient for favorable outcomes among MRD-negative 
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Discussion
For patients with stage II colon cancer, a more personalized approach 
to ACT decision-making is an urgent need, given the uncertain bene fit 
when patients are selected for treatment based on traditional crite-
ria. The updated data from DYNAMIC, now with mature survival data, 
demonstrate that a ctDNA-informed approach to ACT versus standard 
management can reduce the proportion of patients receiving chemo-
therapy without compromising RFS or OS. These findings appear robust 
across patient subgroups, including with varying recurrence risk  
consistent with those expected for traditional high- and low-risk criteria 
such as T4 and dMMR tumors, respectively. The DYNAMIC data also 
suggest continued improvement in survival outcomes over time, with 

lower recurrence rates in this more contemporary stage II cohort when 
compared to historical practice-defining trials of adjuvant therapy.  
In further analyses, we report a potential role for serial ctDNA  
measurement as a dynamic marker of minimal residual disease (MRD), 
informing adjuvant therapy benefit and residual risk at treatment  
completion. Exploratory analyses also raise the potential for further 
risk stratification of postoperative ctDNA-positive patients by meas-
urement of molecular burden (TDMM) and potential gains with a more 
sensitive testing methodology.

With a median follow-up of nearly 5 years, the mature data from 
DYNAMIC demonstrate that similar OS outcomes being achieved for 
stage II colon cancer patients managed with a ctDNA-informed versus 
a standard approach. Notably, excellent outcomes were achieved for 
all patients, including a 5-year RFS of 88.0% and 5-year OS of 93.6%, 
with a minority of patients receiving adjuvant therapy. These out-
comes do not appear to be driven by enrolling a select low-risk patient 
population, as the expected rate (40%) of patients had high-risk fea-
tures. Rather, the results are consistent with trends for improved 
survival over time for early-stage colon cancer18,19, gains that can in 
part be attributed to the now routine use of high-quality imaging at 
baseline that may detect previously unseen low volume metastatic 
disease that was previously missed, upstaging some stage II patients 
to stage IV. Other potential contributors to survival gains are more 
accurate nodal staging due to an increased number of lymph nodes 
being examined by pathologists, minimizing undiagnosed stage III 
disease19. Notably, only 4.5% of the DYNAMIC study cohort had an 
inadequate lymph node yield of <12 (ref. 20). Improved management 
of any recurrence may also be a major factor impacting OS outcomes, 
including better systemic therapy and more curative intent salvage 
surgery. The latter occurred in more than 50% of DYNAMIC patients 
who relapsed, consistent with the reported increased use of salvage 
therapy in community series21.

Although detectable ctDNA is a powerful prognostic marker, 
conventional clinicopathologic risk factors retain prognostic sig-
nificance in a ctDNA stratified subset. This includes for T4 disease, 
the most adverse feature and anecdotally a major driver of ACT use 
in routine care. In DYNAMIC, the 5-year recurrence rate was 15% for 
the ctDNA-negative T4 tumors, similar to all clinical low-risk stage 
II patients combined, noting that there is no evidence supporting a 
survival benefit from adjuvant treatment in unselected T4 cases. In 
contrast, for patients with dMMR tumors where cancer guidelines 
recommend against treatment due to the low recurrence rate and 
possible fluoropyrimidine treatment resistance, some dMMR cases 
still do recur. In our previous observational studies in early-stage colon 
cancer, a recurrence rate of 66% was seen in a small number of untreated 
ctDNA-positive dMMR tumors6,15. The DYNAMIC study provides sug-
gestion of adjuvant therapy benefit in any patient with dMMR, with 
ctDNA clearance in three of four dMMR patients (75%) treated with 
chemotherapy (three receiving oxaliplatin-based treatment) as per 
protocol, and no recurrences with mature follow-up data. This finding 
needs to be further explored.

We observed a high ctDNA clearance rate at the completion of ACT, 
with an expected numerically higher clearance rate with oxaliplatin 
doublet chemotherapy than single-agent fluoropyrimidine (92.3%  
versus 78.6%). The relatively high ctDNA clearance rate for ctDNA- 
positive patients who received single-agent fluoropyrimidine is consist-
ent with the relative contribution to disease-free survival of fluoropy-
rimidine and oxaliplatin in non-ctDNA selected clinical high-risk stage 
III colon cancer subgroup, where around 60–65% of the disease-free 
survival benefit from the combination regimen can be attributed to the 
fluoropyrimidine alone22. To our knowledge, the relative clearance rate 
of single-agent fluoropyrimidine and doublet oxaliplatin regimen has  
not been reported previously. Notably, we used a single timepoint at  
4 weeks after completion of ACT for assessment of ctDNA clearance to 
minimize the known issue of transient clearance during chemotherapy 
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five most commonly mutated genes were TP53 (18.1%), APC (13.0%), 
KRAS (20.5%), PIK3CA (15.6%) and BRAFV600E (6.4%). Patients with a  
TP53 mutant or KRAS mutant tumors had a ctDNA detection rate that 
was numerically higher than that of patients with a wild-type tumor 
(TP53: 18.1% versus 9.3%, P = 0.075; KRAS: 20.5% versus 12.1%, P = 0.068). 
In contrast, tumors with BRAFV600E mutation had a numerically  
lower ctDNA detection rate compared with BRAF wild-type tumors 
(6.4% versus 17.0%, P = 0.077).

Molecular tumor burden and clinical outcome
A prespecified exploratory objective of the study was to correlate post-
operative ctDNA level or molecular burden with ctDNA clearance and 
RFS. Among the postoperative ctDNA-positive patients, the molecular 
tumor burden was measured as the number of tumor-derived mutant 
molecules per milliliter plasma (TDMM; median of 0.38, IQR 0.135–3.8). 
Patients with a TDMM higher than the median had a lower ctDNA clear-
ance rate (75% versus 100%, P = 0.047) and a worse RFS than patients 
with a TDMM less than the median, with a 5-year RFS of 58.9% versus 
95.2% (HR 10.62; 95% CI 1.34–83.95; P = 0.005; Fig. 4a). The 5-year OS 
was also inferior for patients with a ctDNA molecular burden higher 
versus lower than the median (71.8% versus 100%; HR not evaluable 
due to zero event in one of the comparator arms; P < 0.001; Fig. 4b). We 
also observed a lower postoperative ctDNA molecular tumor burden in 
patients who had ctDNA clearance compared with those who did not 
(median 0.32 versus 5.35 TDMM, P = 0.016; Fig. 4c).

ctDNA clearance after ACT
An EOT ctDNA sample, collected at 4 weeks after completion of ACT, 
was available in 40 of the 45 patients in the ctDNA-guided arm. ctDNA 
clearance (postoperative ctDNA positive to EOT ctDNA negative), 

analyzed with the same colorectal targeted panel as the postopera-
tive ctDNA analysis, was observed in 35 (87.5%) patients. Clearance was 
achieved in 24 of 26 (92.3%) patients treated with oxaliplatin doublet 
chemotherapy and 11 of 14 (78.6%) patients treated with single-agent 
fluoropyrimidine chemotherapy (Fig. 5a). Notably, one patient who 
received single-agent fluoropyrimidine and failed to clear ctDNA 
received only 5 weeks of capecitabine treatment due to toxicity. The 
other 39 patients received at least 3 months of therapy. With respect 
to subsets of particular interest, no difference in ctDNA clearance rate 
was observed between T3 (28/32, 87.5%) and T4 tumors (7/8, 87.5%),  
whereas ctDNA clearance was observed in 3 of 4 (75%) and 32 of  
36 (89%) dMMR and pMMR patients, respectively.

To evaluate the ability of EOT ctDNA to predict later relapse in these 
patients, we performed a post hoc analysis comparing two approaches 
in 38 patients with sufficient EOT plasma samples, both using a library 

Table 1 | Baseline characteristics and treatment delivered

Characteristics/ 
treatment

Standard 
management 
(n = 147)

ctDNA-guided 
management 
(n = 294)

Overall 
(N = 441)

Male sex, n (%) 81 (55.1) 154 (52.4) 235 (53.3)

Age (years), median (range) 62 (28, 84) 65 (30, 94) 64 (28, 94)

Age group, n (%)

≤70 years 113 (76.9) 207 (70.4) 320 (72.6)

>70 years 34 (23.1) 87 (29.6) 121 (27.4)

Tumor stage, n (%)

T3 127 (86.4) 250 (85.0) 377 (85.5)

T4 20 (13.6) 44 (15.0) 64 (14.6)

Poor tumor differentiation, 
n (%)

17 (11.6) 43 (14.6) 60 (13.6)

Lymph node yield <12, n (%) 7 (4.8) 13 (4.4) 20 (4.5)

Tumor perforation, n (%) 7 (4.8) 7 (2.4) 14 (3.2)

Bowel obstructiona, n (%) 18 (12.2) 26 (8.9) 44 (10.0)

Lymphovascular invasion, 
n (%)

38 (25.9) 82 (27.9) 120 (27.2)

MMR status, deficient, n (%) 27 (18.4) 59 (20.1) 86 (19.5)

Adjuvant-chemo received, 
n (%)

41 (27.9) 45 (15.3) 86 (19.5)

Oxaliplatin-based chemo, 
n (%)

4 (2.7) 28 (9.5) 32 (7.3)

Single-agent 
fluoropyrimidine, n (%)

37 (25.2) 17 (5.8) 54 (12.2)

Curative intent resection of 
recurrence, n (%)

10/14 (71.4) 13/24 (54.2) 23/38 (60.5)

aInformation on bowel obstruction was missing for three patients.
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DYNAMIC-III Study Design Randomised Phase II/III (ACTRN12617001566325)

Jeanne Tie

• R0 resection
• ECOG 0 – 2
• Fit for at least a 

fluoropyrimidine (FP)
• Staging CT within 12 

weeks
• Provision of adequate 

tumor tissue < 6 weeks 
post-operation

• No synchronous 
colorectal cancer

Stage III
Colon Cancer

R
1:1

Tumour-Informed 
ctDNA Analysis

(SaferSeqS1

targeted CRC panel)

Treatment per clinician’s choice 
(blinded to ctDNA result)

Standard Management

 ctDNA-Negative  De-escalate
 ctDNA-Positive  Escalate

ctDNA-Informed Management

W5-6

Clinicians 
nominate

SoC Chemo

1 cycle of pre-planned chemotherapy allowed prior to 
ctDNA-informed regimen 

Pre-Planned SoC  De-escalation
6M FP  No chemo or 3M FP

3M Oxaliplatin + FP  3-6M FP

6M Oxaliplatin + FP  3M Oxaliplatin + FP 
or 6M FP

Primary Analysis of ctDNA-Negative Cohort: Endpoints to be Presented Here

Primary: 3-year recurrence-free survival (RFS) Secondary: treatment adherence, safety

Stratified by clinical risk (low vs high) and sites  

1. Cohen, J.D. et al. Nat Biotechnol 39, 1220–1227 (2021)

FP = fluoropyrimidine
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Recurrence-Free Survival

Jeanne Tie

Arm Total Events 3-year RFS (95% CI)

ctDNA 353 63 85.3% (81, 89)

Standard 349 45 88.1% (84, 91)

Median follow-up 47 months (0.68 - 67.0)

Absolute Difference in 3-year RFS (95% CI)

-10.0       -7.5        -5.0       -2.5         0         2.5            

ctDNA-guidance betterStandard better

-8.0%

Database lock July 29, 2025
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RFS by Clinical Risk

Jeanne Tie

Clinical Low Risk (T1-3N1) Clinical High Risk (T4 and/or N2)
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Conclusions

Jeanne Tie

For patients with ctDNA-negative stage III colon cancer post-surgery 
• Recurrence risk is low, with 3-year RFS of 87% 

• ctDNA-informed treatment de-escalation was feasible with high adherence (90%)
 Markedly reduced oxaliplatin exposure (88.6%  34.8%)
 Better safety profile: fewer treatment-related hospitalisations and grade ≥3 adverse events
 Non-inferiority versus SoC was not confirmed, though outcomes were close (3-yr RFS 

85.3% vs 88.1%), particularly in low-risk (T1-3N1) disease (3-yr RFS 91.0% vs 93.2%)
 Could inform risk-benefit discussions for individual patients

• ctDNA-informed de-escalation strategies warrant further investigation
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Correlation between tumor relapses and ctDNA status

Silvia Marsoni, MD PhD on behalf of PEGASUS team

Site-specific relapse vs 
ctDNA detection

Lead-time of ctDNA vs 
radiological relapse

SECONDARY ENDPOINTS

Site of relapse (N=28) 
Liver 46%
Lung 18%
Peritoneum 11%
Other 25%

ctDNA Detected MRD
Yes 85% Liver 
No    0% Lung/Peritoneum

Median Lead time 
ctDNA vs radiological relapse 
 9.1 mos. 

Lung, peritoneum and local recurrences are typically not detected
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Aspirin and Colorectal-Cancer survival

n engl j med 367;17 nejm.org october 25, 2012 1601

Aspirin Use and Survival According to PIK3CA 
Mutation Status and Other Selected Variables

We conducted exploratory analyses of aspirin use 
after diagnosis and patient survival according to 
PIK3CA mutation status and other selected vari-
ables, limiting these analyses to patients with 
microsatellite-stable cancer. The results (Table S8 
in the Supplementary Appendix) are similar to the 
results of the primary analysis (Table 2).

Next, we performed an analysis stratified ac-
cording to the status of phospho-AKT expres-
sion (Table S9 in the Supplementary Appendix). 
Also, because the frequency of PIK3CA mutation 
may gradually increase along colorectal subsites 
from the rectum to the ascending colon,33 we per-
formed an analysis according to tumor location 
(Table S10 in the Supplementary Appendix). 
However, in both analyses, statistical power was 
limited because of the small number of deaths 
among patients with mutated-PIK3CA tumors.

NSAID Use and Survival According to PIK3CA 
Mutation Status

We considered the possibility that concurrent use 
of a nonsteroidal antiinflammatory drug (NSAID) 
may have confounded our associations. However, 
inclusion of regular use of NSAIDs in our multi-
variate models did not materially alter our effect 
estimates for the association between aspirin use 
after diagnosis and survival. In exploratory anal-
yses of regular use of NSAIDs after diagnosis and 
survival according to the presence or absence of 
PIK3CA mutation (Table S11 in the Supplementary 
Appendix), there was no significant interaction 
between NSAID use and PIK3CA status (P = 0.48 
for interaction).

Discussion

We found that tumor PIK3CA mutation and regu-
lar use of aspirin after diagnosis had a significant 
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Figure 1. Mortality among Patients with Colorectal Cancer, According to Regular Use or Nonuse of Aspirin 
after Diagnosis and PIK3CA Mutation Status.

Panels A and B show colorectal cancer–specific mortality among patients with mutant-PIK3CA tumors and those 
with wild-type PIK3CA tumors, respectively, and Panels C and D show overall mortality in the respective subgroups 
of patients.
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Potential Modifiers of the Association Between PIK3CA
Status and COX-2 Inhibitor Use

In contrast to most other colon cancer oncogenes, PIK3CA is
characterized by a high number of oncogenic mutations that
can induce gain-of-function activity to varying degrees. To
determine whether heterogeneity between PIK3CA gain-of-
function mutations affects the association of celecoxib
treatment with survival, we classified variants according to

exonic location and analyzed the subset of tumors harboring
activatingmutations in either exon 10 or 21, representing the
best-characterized and dominantmutational hotspots in the
helical domain and the kinase domain, respectively (Data
Supplement, Table S7). Compared with all mutations in
PIK3CA, activating mutations restricted to exons 10 and 21
were similarly predictive of better DFS and OS for patients
treated with celecoxib (Data Supplement, Tables S8 and S9,
Fig S6), suggesting that PIK3CA activation status itself and
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

cumulative incidence of recurrence was 11.1% with 
aspirin and 24.1% with placebo (hazard ratio, 0.42; 
95% CI, 0.19 to 0.93) among patients with group A 
alterations and 10.5% and 22.7%, respectively 
(hazard ratio, 0.44; 95% CI, 0.20 to 0.96), among 
those with group B alterations. In the combined 
cohort, the estimated 3-year cumulative incidence 
of recurrence was 4.9% with aspirin and 17.6% 
with placebo (hazard ratio, 0.25; 95% CI, 0.11 to 

0.54) among women and 10.7% and 13.2% (haz-
ard ratio, 0.75, 95% CI, 0.39 to 1.44), respectively, 
among men. In a post hoc analysis of the sub-
group of 482 patients with an available baseline 
measurement of body weight that included an in-
teraction between randomization assignment, sex, 
and body weight, the hazard ratio for recurrence 
was still higher among men than among women 
with the same body weight (Fig. S7).

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)
100

80

90

70

60

40

30

10

50

20

0
0 6 12 18 24 30 36

Months since Randomization

C Disease-free Survival among Patients with Group A Alterations

A Colorectal Cancer Recurrence among Patients with Group A
Alterations

Placebo

Aspirin

Pe
rc

en
ta

ge
 o

f P
at

ie
nt

s

100

80

90

70

60

40

30

10

50

20

0
0 6 12 18 24 30 36

Months since Randomization

Aspirin
Placebo

157
157

155
150

146
142

143
136

140
133

139
132

138
128

No. at Risk

Placebo

Aspirin

Hazard ratio, 0.49 (95% CI, 0.24–0.98)
P=0.04

No. of Patients with
Event/Total No.

3-Yr Cumulative
Incidence (95% CI)

Aspirin
Placebo

12/157
23/157

7.7 (4.2–12.5)
14.1 (9.2–20.0)  

Hazard ratio, 0.61 (95% CI, 0.34–1.08)

No. of Patients with
Event/Total No.

3-Yr Disease-free
Survival (95% CI)

Aspirin
Placebo

19/157
30/157

88.5 (82.3–92.6)
81.4 (74.4–86.7)

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
(%

)

100

80

90

70

60

40

30

10

50

20

0
0 6 12 18 24 30 36

Months since Randomization

D Disease-free Survival among Patients with Group B Alterations

B Colorectal Cancer Recurrence among Patients with Group B
Alterations

Placebo

Aspirin

Pe
rc

en
ta

ge
 o

f P
at

ie
nt

s

100

80

90

70

60

40

30

10

50

20

0
0 6 12 18 24 30 36

Months since Randomization

Aspirin
Placebo

156
156

154
152

150
139

147
133

145
133

144
128

140
123

No. at Risk

Placebo

Aspirin

Hazard ratio, 0.42 (95% CI, 0.21–0.83)

No. of Patients with
Event/Total No.

3-Yr Cumulative
Incidence (95% CI)

Aspirin
Placebo

12/156
27/156

7.7 (4.2–12.6)
16.8 (11.4–23.1)

Hazard ratio, 0.51 (95% CI, 0.29–0.88)

No. of Patients with
Event/Total No.

3-Yr Disease-free
Survival (95% CI)

Aspirin
Placebo

19/156
35/156

89.1 (83.1–93.1)
78.7 (71.4–84.4)

percentpercent

percentpercent

Figure 2. Colorectal Cancer Recurrence and Disease-free Survival.

Aalen–Johansen estimates of the cumulative incidence of colorectal cancer recurrence within 3 years after randomization are shown for 
patients with group A alterations (Panel A) and those with group B alterations (Panel B) according to trial-group assignment. Colorectal 
cancer recurrence was defined as locoregional recurrence, distant metastasis, or death from colorectal cancer. Kaplan–Meier estimates 
of disease-free survival within 3 years after randomization are shown for patients with group A alterations (Panel C) and those with 
group B alterations (Panel D) according to trial-group assignment. Disease-free survival was defined as the time from randomization to 
the first occurrence of locoregional recurrence, distant metastasis, any new primary cancer, or death from any cause. CI denotes confi-
dence interval.
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Aspirin and celecoxib: predictive value of PIK3CA
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160 mg 

daily
x 3y

HR 0.18
aHR 0.44

Celecoxib
400 mg 

daily
x 3y

37%
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PIK3CA
15-30%

HR 0.49 HR 0.42



1) Rou-ne use of genomic signatures, KRAS/BRAF mutaGons and immunoscore is not currently 
recommended to guide adjuvant treatment decisions for colon cancer in clinical prac-ce.

2) MSI is the most relevant molecular factor in localised stages of colon cancer due to its 
prognos-c and predic-ve value (improved survival for MSI/dMMR tumours, and lack of 
benefit from adjuvant fluoropyrimidines alone, par-cularly in stage II).

3) ctDNA is a powerful prognos-c factor for recurrence, and it is also able to predict the benefit 
of adjuvant CT. Clearance of ctDNA following adjuvant CT is associated with improved 
survival, par-cularly when it is sustained over -me. Ongoing clinical trials aim to enable the 
incorpora-on of liquid biopsy into rou-ne clinical prac-ce.

4) Ac-va-ng PIK3CA muta-ons allow the selec-on of pa-ents who may benefit from adjuvant 
aspirin, with a significantly lower incidence of colorectal cancer recurrence. 

Conclusions:
1)

4)



Thank you
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ctDNA DYNAMICS REFINE PROGNOSIS
Liquid biopsy is prognostic before, during and after adjuvant treatment

POST-SURGERY
(LB1)

END OF TRETAMENT
(LB3, LB5, LB6, LB8)

ON –TREATMENT
(LB3)

Silvia Marsoni, MD PhD on behalf of PEGASUS team

Liquid biopsy is prognostic before, during and after adjuvant 
treatment (PEGASUS)

Marsoni et al, ESMO 2025
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TRIAL OUTLOOK

Silvia Marsoni, MD PhD on behalf of PEGASUS team

Reveal L1.2 test (Guardant Health, Inc.)
• Plasma-only assay
• Genetic | Epigenetic signal
• Early-generation version
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BENCHMARKING PEGASUS vs TOSCA (NCT00646607)
Matching based on stage, sidedness, risk, and treatment

Comparable Efficacy
PEGASUS (LB-guided) vs TOSCA 
(standard) → similar DFS.

Reduced Toxicity
PEGASUS    neurotoxicity burden.

Clinical takeaway
Similar efficacy, less harm.

Neurotoxicity

Overall ToxicityDisease-free survival

Silvia Marsoni, MD PhD on behalf of PEGASUS team

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

BENCHMARKING PEGASUS vs TOSCA (NCT00646607)
Matching based on stage, sidedness, risk, and treatment

Comparable Efficacy
PEGASUS (LB-guided) vs TOSCA 
(standard) → similar DFS.

Reduced Toxicity
PEGASUS    neurotoxicity burden.

Clinical takeaway
Similar efficacy, less harm.

Neurotoxicity

Overall ToxicityDisease-free survival

Silvia Marsoni, MD PhD on behalf of PEGASUS team

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

PRIMARY ENDPOINT
Number of false negative cases within 2 years

Silvia Marsoni, MD PhD on behalf of PEGASUS team

• 100 ctDNA– patients → 12 relapses (2 local+10 distant) 
within 2 years

• 2-year recurrence-free rate: 88% (90% CI, 81–93)

• Primary endpoint not formally powered

• 2-year recurrence-free rate exceeded the 85% 
benchmarking, upper CI 93% crossed H₁ target 92% 
supporting clinical adequacy despite reduced power.
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PEGASUS: a feasibility trial (stage III and high-risk stage II)



COBRA 
Morris et al, ASCO GI 2024

Guardant Lunar assay: sensitivity 56% and 
specificity 95% (1 month after curative therapy)

GALAXY:  Spontaneous clearance rate 1.9% 

ctDNA + postCx: 
5%

COBRA: Randomized phase II-III in stage IIA with <12LN



Nowak et al, ASCO GI 2025

Value of ctDNA in PIK3CA wt (CALGB/SWOG 80702)


