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abstract

PURPOSE Themicrosatellite instability (MSI) or deficient mismatch repair (dMMR) phenotype is usually regarded
as a single biologic entity, given the absence of comparative analyses regarding prognosis and response to
chemotherapy between sporadic and familial dMMR cancers.

PATIENTS AND METHODS Patients with stage III colon cancers were randomly assigned to FOLFOX (leucovorin,
fluorouracil, and oxaliplatin) with or without cetuximab in 2 large adjuvant phase III trials (N = 5,577). Among
patients with MSI and KRAS exon 2 wild-type (WT) tumors, the prognostic and predictive impacts of sporadic
versus familial dMMR cancers and BRAF V600E mutational status were determined. Multivariable Cox pro-
portional hazards models were used to assess disease-free survival (DFS) by treatment arm, adjusting for age,
sex, tumor grade, Eastern Cooperative Oncology Group performance status, pT/pN stage, and primary tumor
location.

RESULTS Among patients with MSI status with complete data for dMMR mechanism analysis (n = 354), 255
(72%) had sporadic (BRAF mutation and/or MLH1 methylation) and 99 (28%) had familial tumors (BRAF WT
and unmethylated MLH1 or loss of MSH2/MSH6/PMS2 protein expression). A large proportion of dMMR
sporadic tumors were mutated for BRAF (n = 200). In patients treated with FOLFOX, DFS did not differ
statistically by dMMRmechanism, whereas in patients treated with FOLFOX plus cetuximab, those with sporadic
tumors had worse DFS than those with familial cancers (multivariable hazard ratio, 2.69; 95% CI, 1.02 to 7.08;
P = .04). Considering the predictive utility, the interaction between treatment and dMMR mechanism was
significant (P = .03). Furthermore, a nonsignificant trend toward a deleterious effect of adding cetuximab
to FOLFOX was observed in patients with BRAF-mutant but not BRAF WT tumors.

CONCLUSION The addition of cetuximab to adjuvant FOLFOX was associated with shorter DFS in patients with
sporadic dMMR colon cancer. Additional studies are needed to validate these results in metastatic disease.

JCO Precis Oncol 4:116-127. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the second most common
malignancy in developed countries. For patients with
nonmetastatic colon cancer, surgical resection offers
a potential cure. However, approximately one fourth of
patients with stage III colon cancer develop recurrence
and die as a result of metastatic disease despite ad-
juvant chemotherapy. Three phase III adjuvant trials
demonstrated that adding oxaliplatin to fluoropyr-
imidine (fluorouracil [FU] or capecitabine) was asso-
ciated with improvement of survival in patients with
stage III colon cancer, thereby establishing FOLFOX

(leucovorin, fluorouracil, and oxaliplatin) or XELOX
(capecitabine plus oxaliplatin) as the standard of
care.1 More recent adjuvant studies have not shown
any benefit to adding targeted agents (bevacizumab or
cetuximab) to FOLFOX or XELOX in patients with stage
III colon cancer,2-4 despite improved outcomes with
these combinations in the metastatic setting.5

Increasing evidence indicates that CRC is a biologically
heterogeneous disease that develops via distinct
pathways involving combinations of genetic and epi-
genetic changes. Defining tumor subtypes based on
pathway-driven alterations has the potential to improve
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prognostication and guide therapy. Two well-described
pathways of colorectal tumorigenesis include chromo-
somal instability and microsatellite instability (MSI), the
latter being the consequence of deficient DNA mismatch
repair (dMMR). MSI phenotype is observed in approxi-
mately 10% to 15% of patients with localized CRC and 3%
to 5% of those with metastatic disease.6 dMMR can arise in
a familial context from a germ line mutation in an MMR
gene (MLH1, MSH2, MSH6, or PMS2), known as Lynch
syndrome, or, more commonly, sporadically from epige-
netic inactivation ofMLH1 as a result of hypermethylation of
promoter regions of cancer-specific genes, known as the
CpG island methylator phenotype (CIMP).7,8 Sporadic
dMMR CRCs frequently have an activating somatic V600E
mutation in the BRAF oncogene (approximately 50%-70%
of cases) that is absent in familial dMMR tumors.9,10

Molecular subtypes of CRC have been reported by our
groups11,12 and others.13-15 These studies defined subtypes
of CRC with statistically significant different clinical and
pathologic characteristics as well as patient survival rates.
In patients undergoing surgical resection of CRC, most
studies found that the dMMR/MSI phenotype was asso-
ciated with a better prognosis compared with cohorts of
patients with proficient MMR (pMMR)/microsatellite stable
(MSS) tumors.16,17 Furthermore, data regarding the pre-
dictive value of MMR status have suggested that patients
with dMMR/MSI tumors do not benefit from FU,16,17

whereas the addition of oxaliplatin to FU may restore the
efficacy of adjuvant chemotherapy in dMMR/MSI stage III
colon cancer.18-20 However, few data exist regarding the
prognostic and predictive impacts of dMMR/MSI tumors
according to the origin of MMR inactivation (sporadic v
familial) because of the relatively low incidence of these
molecular characteristics.21 Moreover, analyses based on
sporadic versus familial dMMR/MSI tumors should include
BRAF V600E status because that mutation may have an
independent prognostic value, as observed in pMMR/MSS
tumors,11,12 and is significantly linked to the mechanism of
sporadic dMMR.9,10

In this pooled analysis, we examined the prognostic as well
as predictive utility of familial and sporadic dMMR tumors in
patients with stage III colon cancer treated with FOLFOX
with or without cetuximab in 2 phase III randomized trials:
North Central Cancer Treatment Group (NCCTG, now part
of the Alliance for Clinical Trials in Oncology) N01472 and
PETACC8.3

PATIENTS AND METHODS

Study Population

This pooled analysis included all patients with available
tumor blocks of resected stage III (any T, N1 or N2, M0)
colon adenocarcinoma who participated in the NCCTG
N01472 and PETACC83 adjuvant randomized phase III trials
and provided institutional review board–approved biologic
informed consent. The protocol and all amendments were

approved by the institutional review board or ethics com-
mittee at each participating institution. Biospecimens were
prospectively collected in both studies. Patients were ran-
domly assigned after surgery to receive 6months of adjuvant
FOLFOX chemotherapy with or without cetuximab, as de-
scribed previously.2,3 The NCCTG N0147 trial enrolled pa-
tients between February 2004 and November 2009;
PETACC8 enrolled patients between December 2005 and
November 2009. Amendments restricted enrollment to
patients with KRAS exon 2 wild-type (WT) tumors in both
studies. In both trials, the addition of cetuximab to FOLFOX
failed to improve disease-free survival (DFS) overall as well
as in patients with KRAS exon 2 WT tumors.2,3 Our study
was restricted to patients with dMMR/MSI tumors without
KRAS exon 2 mutations to evaluate the prognostic and
predictive impacts of the dMMR mechanism (familial v
sporadic origin) by treatment arm (FOLFOX alone or with
cetuximab). The molecular analysis was centralized at the
Mayo Clinic (Rochester, MN) for the NCCTG N0147 trial
and at the Georges Pompidou European Hospital (Paris,
France) for the PETACC8 trial.

MMR Status Determination

MMR tumor status was determined by immunohisto-
chemistry (IHC) or by MSI testing when IHC was in-
determinate, as previously described for each trial.12,22

dMMR was defined as loss of expression of ≥ 1 MMR
proteins by IHC or exhibition of high-level MSI (MSI-H) on
polymerase chain reaction (PCR) –based MSI testing.
pMMR tumors were defined by showing intact MMR ex-
pression by IHC or MSS or low-level MSI (MSI-L) status on
MSI testing.

DNA Extraction and Mutation Analysis

Mutation status was determined using genomic DNA
extracted from formalin-fixed, paraffin-embedded (FFPE)
tumor tissue that contained at least 50% tumor cells using
the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany).
Testing for the c.1799T.A p.V600E BRAF mutation in
exon 15 was performed as previously described.12,22

MLH1 Methylation

Methylation of MLH1 promoter was determined in tumors
exhibiting a loss of MLH1 protein expression to distinguish
patients with sporadic from familial dMMR status. For
NCCTG N0147 and PETACC8 trials, tumor DNA was
extracted from FFPE tissue and bisulfite modified using the
EZ DNA Methylation Kit (Zymo Research, Irvine, CA). PCR
primers were designed to detect differences between
methylated and unmethylated DNA for theMLH1 promoter,
as previously described.11

Determination of Sporadic Versus Familial dMMR/

MSI Cases

As previously described and among patients with dMMR
tumors, sporadic cases were defined as those exhibiting
a loss of MLH1 protein expression with BRAF V600E
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mutation and/or showing methylation of MLH1 promoter.6

Familial cases were defined as patient tumors with loss of
MSH2 or MSH6 (or both) or PMS2 (isolated) protein ex-
pression or loss of MLH1 protein expression with BRAFWT
and unmethylated MLH1. For patient tumors tested with
MSI assay, sporadic cases were defined as MSI-H tumors
with BRAF V600E mutation or MLH1 methylation, and
familial cases as MSI-H tumors without BRAF V600E
mutation and unmethylated MLH1 promoter.6

Statistical Analysis

Biomarker status data were analyzed with investigators
blinded to patient outcomes. DFS was defined as the time
from random assignment to first documented local or
metastatic recurrence or death linked to the disease,
whichever occurred first. DFS curves were estimated with
the Kaplan-Meier method. For comparisons of baseline
characteristics, categorical outcomes were analyzed with
χ2 tests. Continuous variables are presented as the median
with interquartile range. The multivariable Cox model was
used to estimate hazard ratios (HRs) with 95% CIs and to
calculate P values for the impact of dMMR mechanism
(sporadic v familial) and BRAF V600E mutational status
(mutated vWT) on DFS. Adjusted factors included age, sex,
tumor grade, Eastern Cooperative Oncology Group per-
formance status, pT/pN stage, and primary tumor location.
The prognostic analyses were initially performed separately
in each treatment arm (FOLFOX alone and FOLFOX with
cetuximab) to avoid any interaction between the potential
effect of biomarkers and treatment. Then, to investigate the
predictive ability of molecular subtype, a treatment–by–
molecular subtype interaction term was fitted alongside the
main effects of molecular subtype and treatment.

Analyses were carried out using a 2-sided statistical sig-
nificance level of 5%. Analyses were performed using SAS
software (version 9.4; SAS Institute, Cary, NC). The Alliance
Statistics and Data Management Center conducted data
integration and statistical analyses based on data frozen in
October 2016. Data quality was ensured by review of data
by the Alliance Statistics and Data Center and by the study
chairperson following Alliance policies.

RESULTS

Patients Characteristics

From among the 5,577 patients included in the NCCTG
N0147 and PETACC8 trials,2,3 we excluded patients who
received irinotecan-based adjuvant chemotherapy per the
initial design of the NCCTG N0147 trial (n = 379) and those
who did not sign the biologic informed consent form or had
unavailable material and/or technical failure for de-
termination of MMR/MSI status (n = 524; Fig 1). Among the
4,674 patients tested for MMR status, we identified 499
patients with dMMR/MSI tumors for which 78 were ex-
cluded because their tumors hadmutation of KRAS exon 2.
Among the 421 patients with dMMR/MSI status included in
this study population, 354 had available data to enable

categorization as sporadic (n = 255; 72.0%) or familial
tumors (n = 99; 28.0%), and 407 had available data for
analysis of BRAF mutational status as WT (n=205; 50.4%)
or mutated (V600E; n = 202; 49.6%; Fig 1). Demographic
and clinical characteristics of the study population are
listed in Table 1 and stratified by the dMMR mechanism
(sporadic v familial) and BRAF V600E mutational status
(Table 1). The median follow-up of the study population
was 4.2 years.

As expected, patients with sporadic dMMR/MSI tumors
were significantly more likely to be older, be female, and
have a proximal cancer compared with patients with
dMMR/MSI familial disease6 (all P , .01; Table 1). BRAF
V600E was detected in a majority of patients with sporadic
dMMR/MSI disease (80%) and in 2 patients with familial
dMMR/MSI tumors (1.4%10; P , .0001; Table 1). Patients
with BRAF-mutated versus WT tumors were significantly
more likely to be older, be female, and have a proximal
tumor6 (all P , .0001; Table 1).

Prognostic and Predictive Impacts of dMMR Mechanism

In patients treated with FOLFOX alone, there was no sig-
nificant difference in DFS between those with sporadic and
those with familial dMMR disease (multivariable HR, 0.81;
95% CI, 0.29 to 2.22; P = .68; Fig 2A), whereas for those
treated with FOLFOX plus cetuximab, patients with spo-
radic tumors had significantly worse DFS as compared with
patients with familial tumors (multivariable HR, 2.69; 95%
CI, 1.02 to 7.08; P = .04; Fig 2B).

Considering the predictive impact, we observed a signifi-
cant interaction between the dMMR mechanism and
treatment (P interaction = .03). In patients with dMMR
tumors categorized as familial, there was a trend toward
better outcome for those treated with FOLFOX plus
cetuximab versus FOLFOX (multivariable HR, 0.63; 95%
CI, 0.26 to 1.56; P = .32; Fig 2C). However, among patients
with dMMR tumors categorized as sporadic, those treated
with FOLFOX plus cetuximab had significantly worse DFS
than those treated with FOLFOX alone (multivariable HR,
1.68; 95% CI, 1.01 to 2.79; P = .04; Fig 2D).

Furthermore, these results regarding the prognostic and
predictive impacts of the dMMR mechanism according to
treatment arm remained similar after the inclusion of pa-
tients with KRAS exon 2–mutated tumors (Appendix
Table A1).

Prognostic and Predictive Impacts of BRAF V600E Status

There was no significant difference in DFS betweenWT and
mutated BRAF tumors by treatment arm: FOLFOX (mul-
tivariable HR, 1.09; 95% CI, 0.52 to 2.25; P = .82; Fig 3A)
versus FOLFOX plus cetuximab (multivariable HR, 1.28;
95% CI, 0.64 to 2.55; P = .48; Fig 3B).

Furthermore, a nonsignificant trend toward a deleterious
effect of adding cetuximab to FOLFOX was observed in
patients with BRAF V600E–mutated tumors (multivariable
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HR, 1.66; 95% CI, 0.95 to 2.92; P = .07; Fig 3C), but not in
those with WT BRAF (Fig 3D; P interaction = .40). The
results of these analyses after inclusion of patients with
KRAS exon 2–mutated tumors were not different (Appendix
Table A2).

DISCUSSION

To our knowledge, our pooled analysis of data from 2 large
randomized studies showed for the first time that addition of
cetuximab to FOLFOX was associated with reduced DFS in
patients with dMMR/MSI sporadic colon cancers, which
was not observed for dMMR/MSI familial cases. The P value
for interaction effect by dMMR mechanism (sporadic v

familial) and treatment arm (FOLFOX v FOLFOX plus
cetuximab) was statistically significant, highlighting the fact
that the sporadic origin of dMMR/MSI tumors may be
a predictive marker of a deleterious effect of cetuximab.
Regarding the impact of BRAF mutational status, we ob-
served a nonsignificant trend toward a deleterious effect of
cetuximab for patients with BRAF V600E–mutated tumors.
This observation is logically expected, because all dMMR/
MSI tumors with BRAF mutation are of sporadic origin, but
all dMMR/MSI sporadic cases are not mutated for BRAF
(20% of BRAF WT in our study). Moreover, BRAF muta-
tional status (mutated v WT) had no prognostic impact on
DFS for the subgroup of patients with sporadic dMMR/MSI

Excluded; no informed
consent for translational
research or unavailable

material/technical failure
(n = 524)

Excluded; irinotecan-based
adjuvant chemotherapy

(n = 379 from NCCTG N0147)

Total patients
(N = 5,577)

dMMR
mechanism

Excluded; KRAS exon
2–mutated tumor

(n = 78)

BRAFV600E status

Excluded;
missing data

(n = 14)

Excluded;
missing data

(n = 67)

Study
population
(n = 421)

Patients tested for
MMR status
(n = 4,674)

pMMR/MSS
(n = 4,175)

dMMR/MSI
(n = 499)

WT (n = 205)

(n = 202)Mutated

Sporadic (n = 255)

(n = 99)Familial

FIG 1. Flowchart of molecular study of NCCTG (North Central Cancer Treatment Group) N0147 and PETACC8
trials evaluating the impact of deficient DNA mismatch repair (dMMR) mechanism (sporadic v familial) and
BRAF V600Emutational status in patients with dMMR/microsatellite instability (MSI) stage III colon cancer. MSS,
microsatellite stable; pMMR, proficient DNA mismatch repair; WT, wild type.
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colon cancer, whatever the treatment arm (FOLFOX or
FOLFOX plus cetuximab; Appendix Table A3).

The interaction between anti–epidermal growth factor re-
ceptor (EGFR) monoclonal antibodies and dMMR mech-
anism with impact on clinical outcome of patients with CRC
has not been previously recognized. In the randomized
COIN trial that compared oxaliplatin and fluoropyrimidine
with or without cetuximab in metastatic CRC, addition of
cetuximab was associated with shorter survival in patients

with MSI as compared with MSS tumors.23 The association
of cetuximab with adverse outcomes seemed to be limited
to patients whose MSI tumors were mutated for BRAF
V600E, which is consistent with a sporadic origin. These
results, however, were not statistically significant, likely
because of the small number of patients with MSI status
analyzed in this series (N = 45, including 9 patients with
BRAF-mutated tumors).23 More recently, the translational
analysis of the randomized CALGB/SWOG 80405 trial

TABLE 1. Clinicopathologic Characteristics of Patients With KRAS Exon 2 WT dMMR/MSI Stage III Colon Cancer From PETACC8 and N0147
Trials

Characteristic

dMMR Mechanism BRAF V600E Status

No. (%)

P a

No. (%)

P a
Familial
(n = 99)

Sporadic
(n = 255)

WT
(n = 205)

Mutated
(n = 202)

Age, years 99 255 , .0001 205 202 , .0001

Median 47 66 54 66

Range 21-73 36-86 26-80 43-86

≥ 70 4 (4) 77 (30) 23 (11) 63 (31)

Sex 99 255 , .0001 205 202 , .0001

Female 30 (30) 184 (72) 88 (43) 151 (75)

Male 69 (70) 71 (28) 117 (57) 51 (25)

ECOG PS 99 251 .006 202 200 .04

0 86 (87) 177 (71) 162 (80) 141 (71)

1 13 (13) 73 (29) 39 (19) 58 (29)

≥ 2 0 (0) 1 (0) 1 (0) 1 (1)

Treatment arm 99 255 .59 205 202 .34

FOLFOX 49 (49) 118 (46) 100 (49) 89 (44)

FOLFOX + cetuximab 50 (51) 137 (54) 105 (51) 113 (56)

pT stage 99 255 .45 205 202 .63

pT1 or pT2 7 (7) 20 (8) 14 (7) 17 (8)

pT3 70 (71) 193 (76) 150 (73) 151 (75)

pT4 22 (22) 42 (16) 41 (20) 34 (17)

pN stage 99 255 .17 205 202 .94

pN1 53 (54) 157 (62) 122 (60) 121 (60)

pN2 46 (46) 98 (38) 83 (40) 81 (40)

Grade 97 254 .47 203 201 .69

High 47 (48) 134 (53) 104 (51) 94 (47)

Low 50 (52) 120 (47) 99 (49) 107 (53)

Tumor location 91 254 .0019 196 201 , .0001

Proximal 73 (80) 234 (92) 159 (81) 189 (94)

Distal 18 (20) 20 (8) 37 (19) 12 (6)

BRAF V600E status 98 251

WT 96 (98) 51 (20) , .0001 —

Mutated 2 (2) 200 (80)

Abbrevations: dMMR, deficient DNA mismatch repair; ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFOX,
leucovorin, fluorouracil, and oxaliplatin; MSI, microsatellite instability; WT, wild type.

aχ2 test.
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showed that overall survival (OS) with first-line chemo-
therapy (FOLFOX or FOLFIRI) for patients with MSI met-
astatic CRC (n = 37) was shorter for those receiving
cetuximab compared with bevacizumab (median OS,
11.9 v 30.0 months). In contrast, median OS was similar
between cetuximab and bevacizumab treatment arms for
those with MSS metastatic CRC (n = 586; median OS,
30.7 v 30.3 months).24 Despite the low number of patients
with MSI status, it would be interesting to know the results
according to dMMR mechanism, although sporadic cases
are usually in the majority over familial cases. This negative
effect of EGFR inhibitors in patients with (sporadic) MSI
tumors is also supported by worse clinical outcomes in
tumors originating in the right colon (enriched with MSI/
BRAF mutation) compared with tumors originating in the
left colon.25 Data suggest that the CIMP-positive phenotype
could be associated with poorer survival in patients with

metastatic CRC receiving anti-EGFR–based therapy.23

CIMP results from hypermethylation of multiple cancer-
specific genes in addition to MLH1, which may underlie
differential sensitivity to cetuximab.8 Of note, in CRCs, the
CIMP-positive phenotype is not exclusively associated with
dMMR/MSI tumors. Approximately 30% are observed in
MSS tumors, a group in which mutation of BRAF V600E is
infrequent (approximately 20%).26 Interestingly, others
molecular alterations such as HER2 or MET amplification,
NTRK or RET rearrangement, and PTEN or PIK3CA mu-
tation were shown to be significantly associated with re-
sistance to anti-EGFR agents in metastatic CRC. Moreover,
dMMR/MSI status was significantly associated with these
molecular determinants of primary resistance to anti-EGFR
treatment.27

Another interesting finding in our study is that mutation of
BRAF V600E in stage III colon cancer was not associated
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with poor prognosis in patients with dMMR/MSI status
treated with standard FOLFOX (Fig 3A), in contrast to
those with pMMR/MSS status.28 Evidence suggests that
BRAF V600E mutation is associated with poorer survival
after recurrence in both MSS andMSI tumors,29 as well as
in metastatic CRCs with both MSS and MSI tumors.5,30

However, few data are available concerning the prog-
nostic impact of BRAF V600E in patients with dMMR/MSI
colon cancer receiving standard FOLFOX adjuvant che-
motherapy. Previously, our groups evaluated the prog-
nostic impact of BRAF V600E in patients with MSI stage III
colon cancer included in the N0147 and PETACC8
trials.28 However, the data from the 2 treatment arms
(FOLFOX and FOLFOX plus cetuximab) were pooled,
limiting the robustness of the results, because our current
study suggests that cetuximab may have a negative im-
pact in the subgroup of patients with sporadic dMMR/MSI
disease.

Our study has several strengths, which include prospective
data and biomarker collection from patients enrolled in 2
large recent randomized studies. To our knowledge, our
report includes the largest clinical series of patients with
dMMR/MSI colon cancer evaluated for prognosis and
prediction according to the dMMR mechanism. Study
limitations include the lack of confirmation by germ line
MMR mutation testing of categorization of dMMR/MSI
tumors into suspected familial tumors. Furthermore, the
algorithm used in our study was not able to identify Lynch-
like syndrome (ie, dMMR/MSI status with BRAF WT and
unmethylated MLH1 in tumor tissue, with no found germ
line MMR gene mutation), because we did not perform
germ line testing. Evidence indicates that such cases may
result from double somatic mutations. We emphasize that
definition of our categorization of sporadic and familial
dMMR/MSI cases was inferred in this study cohort. In our
series, we identified 2 patients with loss of MSH2 and
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FIG 3. Disease-free survival (DFS) in patients with KRAS exon 2 wild-type (WT) deficient DNA mismatch repair (dMMR)/microsatellite instability (MSI)
stage III colon cancer treated with (A) FOLFOX (leucovorin, fluorouracil, and oxaliplatin) or (B) FOLFOX plus cetuximab according to the BRAF V600E
mutational status (WT v mutated) and in (C) BRAF mutated and (D) WT tumors according to treatment arm (FOLFOX v FOLFOX + cetuximab).
Multivariate Cox models adjusted for age, sex, tumor grade, Eastern Cooperative Oncology Group performance status, pT/pN stage, and primary tumor
location. HR, hazard ratio.
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PMS2, respectively (with intact MLH1 protein expression
by IHC), and both were found to have BRAF V600E
mutation. Parsons et al10 showed in a literature review that
BRAF V600E mutation may occasionally be identified in
patients with germ line mutation in an MMR gene, with
a frequency of approximately 1% across all studies. Given
the rarity of this association and the possibility of technical
artifact, our study data were also analyzed excluding these
2 patients, and no significant differences were found in
any of the results. Furthermore, the deleterious effect
resulting from the addition of cetuximab to FOLFOX was
observed in patients treated in the adjuvant setting, where
anti-EGFR monoclonal antibodies are currently not rec-
ommended. Therefore, these results should be inter-
preted with caution, because the adjuvant and metastatic
settings are not easily cross-comparable, and our findings

need to be validated in the metastatic setting, where anti-
EGFR agents are a therapeutic option for patients with
RAS WT tumors.

In conclusion, our study showed that the addition of
cetuximab to FOLFOX was associated with shorter DFS in
patients with sporadic dMMR/MSI stage III colon cancers.
Additional analysis based on molecular alterations or epi-
genetic changes involved in dMMR/MSI is needed to better
understand the negative interaction between cetuximab
and sporadic dMMR/MSI tumors. These data have im-
portant implications for use of anti-EGFR therapies in
patients with dMMR/MSI status and warrant further val-
idation, notably in cohorts of patients with RAS WT met-
astatic CRC, for whom anti-EGFR monoclonal antibodies
are routinely used.
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APPENDIX

TABLE A1. Multivariable Analysis for DFS in Patients With dMMR/MSI Stage III Colon Cancer (including WT and mutated KRAS exon 2 tumor)
According to Treatment Arm and dMMR Mechanism
Treatment Arm/dMMR Mechanism No. of Patients No. (%) of Events HR 95% CI P

FOLFOX .96

Familial MSI 76 22 (28.9) 1

Sporadic MSI 128 30 (23.4) 1.02 0.42 to 2.47

FOLFOX + cetuximab , .01

Familial MSI 64 12 (18.8) 1

Sporadic MSI 137 41 (29.9) 3.22 1.32 to 7.87

dMMR mechanism

Familial .17

FOLFOX 76 22 (28.9) 1

FOLFOX + cetuximab 64 12 (18.8) 0.59 0.27 to 1.28

Sporadic .05

FOLFOX 128 30 (23.4) 1

FOLFOX + cetuximab 137 41 (29.9) 1.64 1.00 to 2.71

NOTE. Multivariable analysis was adjusted for age, sex, tumor grade, Eastern Cooperative Oncology Group performance status, pT/pN stage,
and primary tumor location.

Abbreviations: DFS, disease-free survival; dMMR, deficient DNA mismatch repair; FOLFOX, leucovorin, fluorouracil, and oxaliplatin; HR,
hazard ratio; MSI, microsatellite instability; WT, wild type.

TABLE A2. Multivariable Analysis for DFS in Patients With dMMR/MSI Stage III Colon Cancer (including WT and mutated KRAS exon 2 tumor)
According to Treatment Arm and BRAF V600E Status
Treatment Arm/BRAF Status No. of Patients No. (%) of Events HR 95% CI P

FOLFOX .96

BRAF WT 152 41 (27.0) 1

BRAF mutated 89 23 (25.8) 0.98 0.5 to 1.92

FOLFOX + cetuximab .17

BRAF WT 125 33 (26.4) 1

BRAF mutated 113 34 (30.1) 1.59 0.82 to 3.08

BRAF V600E status

WT .50

FOLFOX 152 41 (27.0) 1

FOLFOX + cetuximab 125 33 (26.4) 1.19 0.73 to 1.94

Mutated .07

FOLFOX 89 23 (25.8) 1

FOLFOX + cetuximab 113 34 (30.1) 1.66 0.95 to 2.92

NOTE. Multivariable analysis was adjusted for age, sex, tumor grade, Eastern Cooperative Oncology Group performance status, pT/pN stage,
and primary tumor location.

Abbreviations: DFS, disease-free survival; dMMR, deficient DNA mismatch repair; FOLFOX, leucovorin, fluorouracil, and oxaliplatin; HR,
hazard ratio; MSI, microsatellite instability; WT, wild type.
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TABLE A3. Multivariable Analysis for DFS in Patients With Sporadic dMMR/MSI Stage III Colon Cancer (KRAS exon 2 WT) According to BRAF
V600E Status
Sporadic dMMR/MSI No. of Patients No. (%) of Events HR 95% CI P

FOLFOX .75

BRAF WT 28 6 (21.4) 1

BRAF mutated 88 23 (26.1) 1.18 0.42 to 3.37

FOLFOX + cetuximab .98

BRAF WT 23 7 (30.4) 1

BRAF mutated 112 34 (30.4) 1.01 0.40 to 2.55

NOTE. Multivariable analysis was adjusted for age, sex, tumor grade, Eastern Cooperative Oncology Group performance status, pT/pN stage,
and primary tumor location.

Abbreviations: DFS, disease-free survival; dMMR, deficient DNA mismatch repair; FOLFOX, leucovorin, fluorouracil, and oxaliplatin; HR,
hazard ratio; MSI, microsatellite instability; WT, wild type.
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