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IMPORTANCE The prognostic value of BRAF and KRASmutations in patients who have

undergone resection for colon cancer and have been treated with combination leucovorin,

fluorouracil, and oxaliplatin (FOLFOX)-based adjuvant chemotherapy is controversial,

possibly owing to a lack of stratification onmismatch repair status.

OBJECTIVE To examine the prognostic effect of BRAF and KRASmutations in patients with

stage III colon cancer treated with adjuvant FOLFOXwith or without cetuximab.

DESIGN, SETTING, AND PARTICIPANTS This study included patients with available tumor blocks

of resected stage III colon adenocarcinomawho participated between December 2005 and

November 2009 in the PETACC-8 phase III randomized trial. Mismatch repair, BRAF V600E,

and KRAS exon 2mutational status were determined on prospectively collected tumor blocks

from 2559 patients enrolled in the PETACC-8 trial. The data were analyzed in April 2015.

INTERVENTION Patients were randomly assigned to receive 6months of FOLFOX4 or

FOLFOX4 plus cetuximab after surgical resection for stage III colon cancer.

MAIN OUTCOMES ANDMEASURES Associations between these biomarkers and disease-free

survival (DFS) and overall survival (OS) were analyzed with Cox proportional hazards models.

Multivariate models were adjusted for covariates (age, sex, tumor grade, T/N stage, tumor

location, Eastern Cooperative Oncology Group performance status).

RESULTS Among the2559patients enrolled in thePETACC-8 trial (42.9%female;median [range]

age, 60.0 [19.0-75.0] years),microsatellite instability (MSI) phenotype,KRAS, andBRAFV600E

mutationsweredetected in, respectively, 9.9%(177of 1791), 33.1% (588of 1776), and9.0%(148

of 1643) of cases. Inmultivariate analysis,MSI (hazard ratio [HR] forDFS: 1.10 [95%CI,0.73-1.64],

P = .67;HR forOS: 1.02 [95%CI,0.61-1.69],P = .94) andBRAFV600Emutation (HR forDFS: 1.22

[95%CI,0.81-1.85],P = .34;HR forOS: 1.13 [95%CI,0.64-2.00],P = .66)werenotprognostic,

whereasKRASmutationwas significantly associatedwith shorterDFS (HR, 1.55 [95%CI, 1.23-

1.95];P < .001) andOS (HR, 1.56 [95%CI, 1.12-2.15];P = .008). The subgroupanalysis showed in

patientswithmicrosatellite-stable tumors that bothKRAS (HR forDFS: 1.64 [95%CI, 1.29-2.08],

P < .001;HR forOS: 1.71 [95%CI, 1.21-2.41],P = .002) andBRAFV600Emutation (HR forDFS:

1.74 [95%CI, 1.14-2.69],P = .01;HR forOS: 1.84 [95%CI, 1.01-3.36],P = .046)were indepen-

dently associatedwithworse clinical outcomes. InpatientswithMSI tumors,KRAS statuswasnot

prognostic,whereasBRAFV600Emutationwas associatedwith significantly longerDFS (HR,

0.23 [95%CI,0.06-0.92];P = .04)but notOS (HR,0.19 [95%CI,0.03-1.24];P = .08).

CONCLUSIONS AND RELEVANCE BRAF V600E and KRASmutations were significantly

associated with shorter DFS and OS in patients with microsatellite-stable tumors but not in

patients with MSI tumors. Future trials in the adjuvant setting will have to take into account

mismatch repair, BRAF, and KRAS status for stratification.
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C
olorectal cancer (CRC) is the third most common can-

cerworldwide, causingmore than600000deathseach

year.1 Disease stage remains the strongest prognostic

variable and is the key determinant of treatment. Themajor-

ity of newly diagnosed cases of CRC are in patients with non-

metastatic disease that can potentially be cured by surgery,

either alone or combinedwith adjuvant chemotherapy. How-

ever, there is considerable stage-independentprognostic vari-

ability, likely due to tumor characteristics. Colorectal cancer

is abiologicallyheterogeneousdisease thatdevelopsvia2well-

described pathways of colorectal carcinogenesis, including

chromosomal instabilityand, less commonly,microsatellite in-

stability (MSI), which occurs in approximately 15% of cases.

Microsatellite instability isaconsequenceofdeficientDNAmis-

match repair (MMR) that results in the accumulation of inser-

tion and/or deletion mutations within microsatellite DNA

regions.2DeficientMMRcan result frominheritanceof agerm-

line mutation in an MMR gene (MLH1, MSH2, MSH6, PMS2),

causing Lynch syndrome,3 or more commonly, from epigen-

etic inactivation of MLH1,4 which is associated with hyper-

methylationof thepromoter regions of cancer-specific genes,

a situation known as the CpG island methylator phenotype

(CIMP).5SporadicMSICRCtumorsareenrichedwith theBRAF-

activating somatic V600Emutation (BRAF V600E), which is

absent fromMSI tumorsassociatedwithLynchsyndrome.6The

BRAF V600E mutation has an overall frequency of approxi-

mately 10% in all CRCs and ismutually exclusive ofKRASmu-

tations, which are detected in 40% to 45% of cases.7,8

AlthoughKRASmutationsarepredictiveofresistancetoepi-

dermal growth factor receptor inhibitors inmetastatic CRC,9-11

andalthoughBRAFV600Eisnowrecognizedasamarkerofpoor

prognosis in this setting,8,12 the prognostic effect of thesemu-

tations innonmetastaticCRC is controversial.KRASmutations

have been linked to disease recurrence and poorer overall sur-

vival insomestudiesbutnotinothers,andthereissomeevidence

that its roledependson the tumor site.7,13-16Consistentdata in-

dicate thatBRAFV600Emutation is associatedwith poor out-

comesafter relapse,14,17but itsdirecteffectonrecurrenceforpa-

tients in theadjuvant setting requires clarification.7,14,18,19Most

studieshaveshownanassociationofMSIphenotypewithabet-

ter survival inearlier tumorstage,whereas theeffect in stage III

tumors ismorecontroversial, anddata inpatients treatedbythe

current combination leucovorin, fluorouracil, and oxaliplatin

(FOLFOX) standard are scarce.19-21

Prognostic evaluation of these biomarkers is hampered by

thefact thatpublisheddataoftenmixprospectiveandretrospec-

tivestudies,colonandrectalcancer, stageI to III tumors,andpa-

tientswhodidordidnot receiveavarietyofadjuvant regimens;

also, tumors are oftennot uniformly analyzed for all these bio-

logicalmolecularmarkers together (MSI,KRAS,BRAF). In fact,

the frequency ofKRAS andBRAFV600Emutations differs ac-

cordingtoMMRstatus,andthismayhaveimpairedour interpre-

tationof theeffectof thesemutationsonclinical outcomes.We

thereforeexamineddisease-free survival (DFS)andoverall sur-

vival(OS)accordingtoMMR,KRAS,andBRAFstatus,determined

onstageIIIcoloncancerspecimenscollectedprospectivelyfrom

patientswhoreceivedadjuvantFOLFOXaloneorcombinedwith

cetuximabinthePETACC-8randomizedclinical trial.Wealsoex-

amined the prognostic value ofKRAS andBRAFV600Emuta-

tions according toMMR status.

Methods

Study Population

This study included all patientswith biological informed con-

sent signedandavailable tumorblocksof resectedstage III (any

T, N1 or N2, M0) colon adenocarcinoma who have partici-

pated in the PETACC-8 phase III randomized trial.22 Patients

in this trialwere randomized to receive6monthsofFOLFOX4:

85mg/m2oxaliplatin (2-hour infusion) onday 1, and leucovo-

rin200mg/m2 followedby fluorouracil (bolus)400mg/m2and

a 22-hour continuous infusion of fluorouracil 600mg/m2 for

2 consecutive days, or FOLFOX4 plus cetuximab. The

PETACC-8 study included 2559 patients between December

2005 andNovember 2009 andwas amended in June 2008 to

restrict random assignment to patients whose tumors ex-

pressed wild-type KRAS. Among the 2096 patients random-

ized before amendment, 1881 (90%) were retrospectively

screened for KRASmutations. The PETACC-8 trial, which re-

ceived ethical approval for the study protocol and the trans-

lational data research integration, demonstrates that the ad-

dition of cetuximab to FOLFOX4 did not improve DFS

comparedwith FOLFOX4 alone in patients withKRAS exon 2

wild-type resected stage III colon cancer.

MMR Status Determination

Mismatch repair tumor status was determined by immuno-

histochemical analysis (IHC), or byMSI testingwhen IHCwas

indeterminate. Microsatellite instability phenotype tumors

were defined as exhibiting the loss of expression of 1 or more

MMRproteins by IHCor exhibitinghigh-level tumorDNAMSI

on MSI testing. Microsatellite-stable (MSS) phenotype tu-

morsweredefinedbynormalMMRprotein expression in IHC,

or MSS or low-level MSI status on MSI testing.

Key Points

QuestionWhat is the prognostic value of BRAF and KRAS

mutations in patients who have undergone resection for colon

cancer and have been treated with combination leucovorin,

fluorouracil, and oxaliplatin (FOLFOX)-based adjuvant

chemotherapy?

Findings This post hoc analysis of patients with stage III colon

cancer who participated in the PETACC-8 phase III randomized

clinical trial found that in patients with microsatellite-stable

tumors, both KRAS and BRAF V600Emutations were

independently linked to shorter disease-free and overall

survival. In patients with microsatellite-unstable tumors, KRAS

status was not prognostic, whereas BRAF V600Emutation was

associated with significantly longer disease-free but not overall

survival.

MeaningMicrosatellite, KRAS, and BRAF V600E status

assessment should bemandatory to stratify adequately in future

adjuvant trials andmust be discussed in our daily practice.
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Immunohistochemical Analysis

Mismatch repair protein (MLH1,MSH2,MSH6, PMS2) expres-

sionwasanalyzedbyIHContissuemicroarrays.Primarymono-

clonal antibodies againstMLH1 (cloneG168-728,diluted 1:100;

BD Pharmingen), MSH2 (clone FE11, diluted 1:100; Oncogene

Research Products), MSH6 (clone 44, diluted 1:100; BD

Pharmingen), and PMS2 (clone A16-4, diluted 1:100; BD

Pharmingen) were applied. Mismatch repair protein loss was

defined as the absence of nuclear staining in neoplastic cells

but positive nuclear staining in lymphocytes and normal ad-

jacent colonic epithelium.23

MSI Testing

DNA was extracted from formalin-fixed paraffin-embedded

(FFPE) tumor tissues for MSI analysis using 5 monomorphic

mononucleotide markers (BAT-25, BAT-26, NR-21, NR-24,

NR-27).24 Specimens with at least 3 unstable markers were

scored as highly unstable, and specimens with fewer than 3

unstable markers were scored as stable.

BRAF and KRASGeneMutations

BRAF and KRASmutation status was determined on genomic

DNAextracted fromFFPE tissues,using theQIAampDNAMini

Kit (Qiagen).Molecularanalysiswascentralizedandcarriedout

retrospectivelyforpatients includedbeforetrialamendmentand

prospectivelyforallotherpatients.Testingfor7KRASexon2mu-

tations and the BRAF V600E hotspot exon 15 mutation

(c.1799T>A/p.V600E)wasbasedonreal-timepolymerasechain

reactionusingTaqManprobes (AppliedBiosystems).Eachassay

was validated to detect 10%ofmutated alleles.25

Statistical Analysis

Biomarker statuswas analyzedby investigators blinded topa-

tient outcomes, and then transmitted for survival analyses to

the data center. Disease-free survival was defined as the time

between randomizationand local ormetastatic recurrence,di-

agnosis of a second colon or rectal cancer, or death, which-

ever occurred first. Overall survival was measured from ran-

domization until death from any cause. For comparisons of

baseline characteristics, categorical outcomeswere analyzed

with χ2 tests, and continuous outcomes, with standard para-

metric or nonparametric tests. Continuous variables are pre-

sented as themean (SD) andmedianwith interquartile range.

Disease-free and overall survival curves were estimated

with the Kaplan-Meier method. Differences between groups

of patientswere analyzedwithunstratified log-rank tests. Pa-

tients in the 2 treatment armswere combined because no dif-

ference was found between the 2 arms for efficacy analyses.

AnunstratifiedCoxregressionmodelwasusedtoestimatehaz-

ardratios (HRs),95%confidence intervals, andPvalues forcan-

didate prognostic factors. Multivariate analyses were ad-

justed for stratification factors (nodal category, T stage, and

obstruction or perforation status), sex, age, Eastern Coopera-

tive Oncology Group performance status, tumor grade, pri-

mary tumor location, vascular invasion or lymphatic infiltra-

tion (VELI), and MMR, KRAS, and BRAF status.

Analyseswere carriedoutwitha2-sided significance level

of 5%. Resultswere unadjusted formultiple comparisons. All

statisticalanalyseswereperformedwiththeSASstatistical soft-

ware package, version 9.4.

Results

Patients

Among the 2559 patients included in the PETACC-8 phase III

trial, 2043 signed the biological informed consent form, in-

cluding 1791 patients with available FFPE specimen and no

Figure 1. Flowchart of PETACC-8 Trial Molecular Study Evaluating the Prognostic Impact ofMismatch Repair,

KRAS, and BRAF Status

2559 PETACC8 patients

2043 Patients with biological informed
consent form

1791 Patients tested for mismatch
repair status

1614 Patients with microsatellite-stable
tumors

14 KRAS missing

138 BRAF missing

1042 KRAS wild type

558 KRAS mutant

1382 BRAF wild type

94 BRAF mutant

177 Patients with microsatellite-unstable
tumors

1 KRAS missing

10 BRAF missing

146 KRAS wild type

30 KRAS mutant

113 BRAF wild type

54 BRAF mutant
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technical failure for the MMR status analysis. One hundred

forty-eight (8.3%) and 15 (0.8%)of thesepatientswere respec-

tively excluded from BRAF V600E and KRAS exon 2 muta-

tion analysis because of a technical issue (insufficient mate-

rial or test failure) (Figure 1).

Characteristics of the study population are presented in

Table 1. No noteworthy difference was observed between the

present studypopulationandtheentirePETACC-8 trialpopula-

tion intermsofsex(male,57.2%vs57.1%),age(≤70years,89.8%

vs89.4%),andotherclinicalfeatures,aswellaspathologicalchar-

acteristics(eTable1intheSupplement).Inthepresentstudypopu-

lation, MSI phenotype and KRAS and BRAF V600Emutations

weredetectedin9.9%(177of1791),33.1%(588of1776),and9.0%

(148 of 1643) of cases, respectively (Figure 1).

Table 1. Clinical and Pathological Characteristics According toMismatch Repair (MMR), KRAS, and BRAF Status in the Present Study Population

Characteristic

Status, No. (%)

MMR

P Value

KRAS

P Value

BRAF

P Value
MSS
(n = 1614)

MSI
(n = 177)

Wild Type
(n = 1188)

Mutant
(n = 588)

Wild Type
(n = 1495)

Mutant
(n = 148)

Treatment arm, No. 1614 177 .14 1188 588 .46 1495 148 .26

FOLFOX 799 (49.5) 98 (55.4) 590 (49.7) 303 (51.5) 760 (50.8) 68 (45.9)

FOLFOX + cetuximab 815 (50.5) 79 (44.6) 598 (50.3) 285 (48.5) 735 (49.2) 80 (54.1)

Sex, No. 1614 177 .03 1188 588 .23 1495 148 .006

Male 937 (58.1) 88 (49.7) 690 (58.1) 324 (55.1) 872 (58.3) 69 (46.6)

Female 677 (41.9) 89 (5.3) 498 (41.9) 264 (44.9) 623 (41.7) 79 (53.4)

Age, No. 1614 177 .60 1188 588 .18 1495 148 .91

≤70 y 1452 (90.0) 157 (88.7) 1075 (90.5) 520 (88.4) 1339 (89.6) 133 (89.9)

>70 y 162 (10.0) 20 (11.3) 113 (9.5) 68 (11.6) 156 (10.4) 15 (10.1)

ECOG PS, No. 1557 169 .71 1147 565 .99 1442 141 .12

0 1266 (81.3) 139 (82.2) 934 (81.4) 461 (81.6) 1174 (81.4) 106 (75.2)

1 285 (18.3) 30 (17.8) 209 (18.2) 102 (18.1) 262 (18.2) 35 (24.8)

2-3 6 (0.4) 0 4 (0.3) 2 (0.4) 6 (0.4) 0

Tumor site, No. 1589 173 <.001 1178 571 .02 1468 147 <.001

Distal 1040 (65.4) 34 (19.7) 740 (62.8) 325 (56.9) 939 (64.0) 38 (25.9)

Proximal 549 (34.6) 139 (8.3) 438 (37.2) 246 (43.1) 529 (36.0) 109 (74.1)

Tumor grade, No. 1596 172 <.001 1173 581 .34 1477 146 .04

G1-G2 1337 (83.8) 98 (57.0) 947 (80.7) 480 (82.6) 1226 (83.0) 90 (61.6)

G3-G4 259 (16.2) 74 (43.0) 226 (19.3) 101 (17.4) 251 (17.0) 56 (38.4)

Lymph node status, No. 1614 177 .82 1188 588 .29 1495 148 .02

pN1 1008 (62.5) 109 (61.6) 733 (61.7) 378 (64.3) 946 (63.3) 79 (53.4)

pN2 606 (37.5) 68 (38.4) 455 (38.3) 210 (35.7) 549 (36.7) 69 (46.6)

T stage, No. 1614 177 .19 1188 588 .07 1495 148 .32

pT1/pT2/pTis 158 (9.8) 10 (5.6) 122 (10.3) 46 (7.8) 147 (9.8) 9 (6.1)

pT3 1122 (69.5) 24 (70.1) 832 (70.0) 404 (68.7) 1035 (69.2) 108 (73.0)

pT4 333 (20.6) 43 (24.3) 234 (19.7) 138 (23.5) 313 (20.9) 31 (20.9)

pTx 1 (0.1) 0 0 0 0 0

Bowel obstruction
and/or perforation, No.

1614 177 .08 1188 588 .22 1495 148 .25

Yes 317 (19.6) 25 (14.1) 216 (18.2) 121 (20.6) 279 (18.7) 22 (14.9)

No 1297 (80.4) 152 (85.9) 972 (81.8) 467 (79.4) 1216 (81.3) 126 (85.1)

Vascular invasion
and/or lymphatic
infiltration, No.

1614 177 .41 1188 588 .007 1495 148 .04

Yes 903 (55.9) 104 (58.8) 699 (58.8) 300 (51.0) 827 (55.3) 94 (63.5)

No 476 (29.5) 44 (24.9) 321 (27.0) 193 (32.8) 452 (30.2) 30 (20.3)

KRAS, No. 1600 176 <.001 1492 148 <.001

Wild type 1042 (65.1) 146 (83.0) 959 (64.3) 144 (97.3)

Mutated 558 (34.9) 30 (17.0) 533 (35.7) 4 (2.7)

BRAF, No. 1476 167 <.001 1103 537 <.001

Wild type 1382 (93.6) 113 (67.7) 959 (86.9) 533 (99.3)

Mutated 94 (6.4) 54 (32.3) 144 (13.1) 4 (0.7)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance

status; FOLFOX, leucovorin, fluorouracil, and oxaliplatin; MMR, mismatch

repair; MSI, microsatellite instability; MSS, microsatellite stability; NA, not

applicable; OS, overall survival.
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Among the 1791 patients tested forMMR status, all tumors

weretestedbyIHCassay,exceptfor105casesthatwerealsotested

byMSI assay because of indeterminate IHC results. Among the

177 tumorswithMSIphenotype, 130(73.4%)had lostMLH1pro-

teinexpression,23 (13.0%)MSH2expression,6 (3.4%)MSH6ex-

pression, and 12 (6.8%) PMS2 expression. The remaining 6MSI

tumorswereconsideredindeterminatebymeansofIHCassaybut

positivebymeansofMSItesting.Asexpected,MSIcomparedwith

MSS phenotypewas significantly associatedwith proximal tu-

mors,highgrade,andfemalesex(Table1).19-21,26Mutatedvsnon-

mutatedKRAS tumorwassignificantlyassociatedwithproximal

site andVELI-positive status,whereasmutatedvsnonmutated

BRAF tumorwassignificantlyassociatedwithfemalesex,proxi-

mal site, higher N and T stage, higher grade, and VELI-positive

status (Table 1).KRAS andBRAFV600Emutationsweremutu-

ally exclusive except in 4 patients (Table 1). Even if the co-

occurrenceofKRAS andBRAFV600Emutations is rare inCRC,

thiseventhasalreadybeendescribedwithafrequencyofapproxi-

mately0.2%,whichis inlinewithourresults.27,28Theprevalence

of KRAS mutations was higher in patients with MSS tumors

(34.9%) than in patientswithMSI tumors (17.0%) (P < .001).7,19

In contrast, BRAFV600Emutationwas significantlymore fre-

quentinpatientswithMSItumors(32.3%)thaninthosewithMSS

tumors (6.4%) (P < .001)7,19 (Table 1).

Prognostic Factors in the Overall Population

Withanoverallmedianfollow-upof3.52years(95%CI,3.46-3.64

years),higherTandNstagewere independentlyassociatedwith

shorterDFS,whereas proximal site, higherN stage, andhigher

tumor grade were independently associated with shorter OS

(Tables 2 and 3). In the biomarker analysis, no interactionwas

foundbetweentreatment(withorwithoutcetuximab)andMMR

status in terms of DFS or OS, but an interaction was found be-

tween bothBRAFV600E andKRASmutation andMMRstatus

in termsofDFSandOS.Furthermore,no interactionwas found

between treatment (FOLFOX vs FOLFOX plus cetuximab) and

KRAS status in terms of DFS (P = .82) and OS (P = .73); and the

treatmentadministeredsignificantlyinfluencedneitherDFS(HR,

0.88[95%CI,0.66-1.16];P = .36)norOS(HR,0.98[95%CI,0.66-

1.45]; P = .91) in patientswithKRAS-mutated tumors.

The 3-year DFS rates were 77.9% and 73.9% among pa-

tients with MSI and MSS tumors, respectively (Figure 2A). In

multivariate analysis,MSIphenotypewasnot significantly as-

sociatedwithDFS (HR, 1.10 [95%CI, 0.73-1.64]; P = .67) or OS

(HR, 1.02 [95% CI, 0.61-1.69]; P = .94) (Table 3).

The 3-yearDFS rateswere 69.4%vs 77.1%amongpatients

withmutatedvswild-typeKRAS tumors (Figure2B), and73.8%

vs 74.7%amongpatientswithmutated vswild-typeBRAF tu-

mors (Figure2C). Inmultivariate analysis,KRASmutationwas

Table 2. Univariate Cox Proportional Hazards RegressionModels for Disease-Free Survival (DFS) andOverall Survival (OS)

Parameter Patients, No.

DFS OS

Events, No. HR (95% CI) P Value Events, No. HR (95% CI) P Value

Treatment arm, FOLFOX + cetuximab
vs FOLFOX

1791 472 1.14 (0.95-1.36) .17 240 1.13 (0.88-1.46) .34

Male vs female sex 1791 472 1.13 (0.94-1.36) .20 240 1.19 (0.92-1.54) .19

Age, ≤70 vs >70 y 1791 472 1.01 (0.75-1.36) .94 240 0.78 (0.53-1.13) .19

Tumor grade, G3-G4 vs G1-G2 1768 463 1.46 (1.18-1.80) <.001 233 1.89 (1.43-2.51) <.001

Tumor site, distal vs proximal 1762 467 0.93 (0.77-1.12) .43 237 0.61 (0.48-0.79) <.001

pT stage 1791 471 239

pT2 vs pT1 1.22 (0.40-3.75) .72 0.72 (0.13-3.94) .71

pT3 vs pT1 2.84 (1.06-7.62) .04 2.52 (0.62-10.16) .19

pT4 vs pT1 6.42 (2.38-17.31) <.001 6.33 (1.56-25.71) .01

pN stage, pN2 vs pN1 1791 472 2.29 (1.91-2.75) <.001 240 2.56 (1.98-3.31) <.001

ECOG PS, 1-2 vs 0 1726 451 1.31 (1.05-1.64) .02 229 1.70 (1.27-2.28) <.001

Bowel obstruction and/or perforation,
yes vs no

1791 472 1.51 (1.23-1.86) <.001 240 1.57 (1.18-2.10) .002

Vascular invasion and/or lymphatic
infiltration, yes vs no

1527 406 1.28 (1.03-1.59) .02 207 1.21 (0.90-1.63) .21

MMR status, MSS vs MSI 1791 472 1.12 (0.81-1.54) .49 240 0.79 (0.53-1.17) .23

Mutated vs wild type

KRAS status 1776 465 1.41 (1.17-1.69) <.001 235 1.25 (0.97-1.63) .09

BRAF status 1643 427 1.07 (0.77-1.49) .68 219 1.48 (0.97-2.25) .07

In MSS Patients

Mutated vs wild type

KRAS status 1600 425 1.47 (1.21-1.77) <.001 208 1.37 (1.04-1.80) .02

BRAF status 1476 388 1.41 (0.97-2.04) .07 193 1.88 (1.16-3.06) .01

In MSI Patients

Mutated vs wild type

KRAS status 176 40 0.65 (0.25-1.65) .36 27 0.50 (0.15-1.65) .25

BRAF status 167 39 0.54 (0.25-1.17) .12 26 0.67 (0.27-1.67) .39

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance

status; FOLFOX, leucovorin, fluorouracil, and oxaliplatin; HR, hazard ratio;

MMR, mismatch repair; MSS, microsatellite stability; MSI, microsatellite

instability.
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significantly associated with shorter DFS (HR, 1.55 [95% CI,

1.23-1.95]; P < .001) and shorter OS (HR, 1.56 [95% CI, 1.12-

2.15]; P = .008), whereas BRAF V600E mutation influenced

neither outcome (Tables 2 and 3).

Prognostic Effect of KRAS and BRAFV600EMutations

in PatientsWithMSS Tumors

The 3-year DFS rates were 68.7% and 77.1%, respectively,

among MSS patients with mutated and wild-type KRAS tu-

mors (Figure 3A). In multivariate analysis, MSS patients with

mutated vs wild-type KRAS tumors had significantly shorter

DFS (HR, 1.64 [95%CI, 1.29-2.08];P < .001)andshorterOS (HR,

1.71 [95% CI, 1.21-2.41]; P = .002) (Table 3). A similar negative

effectwasobserved forBRAFV600Emutation.The3-yearDFS

rates were 67.0% and 74.7%, respectively, among MSS pa-

tients with mutated and wild-type BRAF tumors (Figure 3B).

Inmultivariateanalysis,BRAFV600Emutation inpatientswith

MSStumors remainedsignificantlyassociatedwithshorterDFS

(HR, 1.74 [95%CI, 1.14-2.69];P = .01) and shorterOS (HR, 1.84

[95% CI, 1.01-3.36]; P = .046) (Table 3).

Prognostic Effect of KRAS and BRAFV600EMutations

in PatientsWithMSI Tumors

The3-yearDFSrateswere82.8%and77.5%,respectively,among

MSI patients with mutated and wild-type KRAS tumors

(Figure3C). Inmultivariateanalysis,KRASstatus inpatientswith

MSI tumorswasnotsignificantlyassociatedwithDFS (HR,0.94

[95%CI,0.32-2.74];P = .91)orOS (HR,0.90[95%CI,0.23-3.45];

P = .88)(Table3).AsobservedinpatientswithMSStumors,BRAF

V600Emutationwasagainassociatedwithclinical outcome in

patients withMSI tumors, but the prognostic effect was in the

oppositedirection. Indeed, the3-yearDFSrateswere85.2%and

74.3%,respectively,amongMSIpatientswithmutatedandwild-

typeBRAF tumors (Figure3D). Inmultivariateanalysis,MSI tu-

morsharboringBRAFV600Emutationwereassociatedwithlon-

ger DFS (HR, 0.23 [95% CI, 0.06-0.92]; P = .04) but not longer

OS (HR, 0.19 [95%CI, 0.03-1.24]; P = .08) (Table 3).

Discussion

The aim of this study was to determine the prognostic value

of MMR, KRAS, and BRAF status determined on prospec-

tively collected stage III colon cancer specimens from pa-

tients receiving FOLFOXwith or without cetuximab in a ran-

domized trial of adjuvant therapy.We found thatMMR status

was not predictive of either DFS or OS.Most previous studies

have shown a favorable prognostic effect of the MSI

phenotype,20,21,26,29-32 but others showed no significant dif-

ference inclinicaloutcomebetweenpatientswithMSIandMSS

Table 3. Multivariate Cox Proportional Hazards RegressionModels for Disease-Free Survival (DFS)

andOverall Survival (OS)

Parameter

DFS OS

HR (95% CI) P Value HR (95% CI) P Value

Treatment arm, FOLFOX +
cetuximab vs FOLFOX

1.10 (0.89-1.36) .38 1.03 (0.77-1.40) .83

Male vs female sex 1.21 (0.97-1.50) .10 1.28 (0.93-1.74) .13

Age, ≤70 vs >70 y 0.98 (0.70-1.36) .88 0.81 (0.53-1.25) .34

Tumor grade, G3-G4 vs G1-G2 1.26 (0.97-1.64) .08 1.55 (1.10-2.19) .01

Tumor site, distal vs proximal 1.05 (0.83-1.33) .69 0.66 (0.48-0.91) .01

pT stage

pT2 vs pT1 0.97 (0.30-3.09) .95 0.66 (0.12-3.63) .63

pT3 vs pT1 1.85 (0.69-5.02) .22 1.37 (0.33-5.63) .66

pT4 vs pT1 3.66 (1.34-10.01) .01 2.99 (0.72-12.41) .13

pN stage, pN2 vs pN1 2.05 (1.65-2.56) <.001 2.08 (1.51-2.84) <.001

ECOG PS, 1-2 vs 0 1.20 (0.93-1.55) .16 1.72 (1.24-2.40) .001

Bowel obstruction and/or
perforation, yes vs no

1.04 (0.80-1.35) .77 1.02 (0.70-1.49) .90

Vascular invasion and/or lymphatic
infiltration, yes vs no

1.00 (0.79-1.27) .99 0.93 (0.67-1.30) .66

MMR status, MSS vs MSI 1.10 (0.73-1.64) .67 1.02 (0.61-1.69) .94

Mutated vs wild type

KRAS status 1.55 (1.23-1.95) <.001 1.56 (1.12-2.15) .008

BRAF status 1.22 (0.81-1.85) .34 1.13 (0.64-2.00) .66

In MSS Patients

Mutated vs wild type

KRAS status 1.64 (1.29-2.08) <.001 1.71 (1.21-2.41) .002

BRAF status 1.74 (1.14-2.69) .01 1.84 (1.01-3.36) .046

In MSI patients

Mutated vs wild type

KRAS status 0.94 (0.32-2.74) .91 0.90 (0.23-3.45) .88

BRAF status 0.23 (0.06-0.92) .04 0.19 (0.03-1.24) .08

Abbreviations: ECOG PS, Eastern

Cooperative Oncology Group

performance status; FOLFOX,

leucovorin, fluorouracil, and

oxaliplatin; HR, hazard ratio;

MMR, mismatch repair;

MSS, microsatellite stability;

MSI, microsatellite instability.
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tumors.33-35 This discrepancymight be explained by a lack of

adjustment forBRAF andKRAS status, tumor stage, or the ad-

juvant treatment regimen. Indeed, although our cohort was

composed only of patients with stage III colon cancer, stud-

ies showing longer survival among patients with MSI vs MSS

tumors generally combined stage II and III tumors, and the fa-

vorable prognostic effect seemed to be stronger in stage II

disease.21,36 In the NCCTG N0147 study, which had a design

similar to that of thePETACC-08 trial, analysis of the 2580pa-

tients with stage III colon cancer participating in this trial

showed that MMR status had no prognostic value.19 Further-

more, in vitro studies have shown that oxaliplatin,37 contrary

to fluorouracil,38 is active on CRC cell lines independently of

MMR status, suggesting that the clinical effect ofMMR status

might be attenuated in patients receiving FOLFOX-based ad-

juvant chemotherapy.

We found that BRAFV600Emutation influenced neither

DFS nor OS in the overall study population, whereas a nega-

tive effect on DFS and OSwas observed in theMSS subgroup.

Recently, data from theNCCTGN0147 trial showed thatBRAF

V600Emutationwas significantly associatedwith shorterDFS

in multivariate analysis (HR, 1.37 [95% CI, 1.08-1.70];

P = .009).19However, the adverse effect of BRAFV600Emu-

tation was limited to patients with MSS tumors after stratifi-

cationonMMRstatus.19 It seems important toadjust theBRAF

prognostic value to the MMR status to identify more pre-

cisely the patients with poor clinical outcomes in stage III co-

lon cancer. Three retrospective analyses of randomized adju-

vant trials suggested that BRAF V600E mutation was

independentlyassociatedwithshorterOSbutnotwithdisease-

free or recurrence-free survival7,14,18 (eTable 2 in the Supple-

ment). However,whenMMRstatuswas taken into account in

these studies, theworseprognostic valueofBRAFV600Emu-

tation was attenuated in patients with MSI tumors. Indeed,

MSI/BRAFwild-typepatientshad thebest prognosis,whereas

theMSS/BRAFV600Emutation subgrouphad theworst prog-

nosis.PatientswithMSS/BRAFwild-typeorMSI/BRAFV600E–

mutated tumors had intermediate survival.14,18

Here we found that BRAF V600E mutation was signifi-

cantly associatedwith longer DFS but not OS in patients with

MSI tumors. This suggests that the prognostic effect of BRAF

V600Emutation inMSI patients treatedwithFOLFOXwithor

without cetuximab adjuvant chemotherapy may be indi-

rectly related to theCIMPphenotype. Indeed, there is consid-

erable overlap among tumors characterized as MSI, mutated

BRAF V600E, and CIMP.5 Tumors with BRAF V600E muta-

tion andMSI phenotype occur almost exclusively as a conse-

quenceofCIMP, associatedwithmethylationof theMLH1pro-

moter.Theprognosticvalueof theCIMPphenotype inpatients

receiving fluorouracil-based adjuvant chemotherapy is

controversial.39-41Toourknowledge,only 1 retrospectivestudy

hasevaluated theprognostic effectofbothMMRandCIMPsta-

tus in patients with stage III colon cancer receiving FOLFOX-

based adjuvant chemotherapy, showing that MSI/CIMP-

positive tumorstatuswasassociatedwithpoorerDFSthanMSI/

CIMP-negative tumor status.42 However, in the MSI/CIMP-

positive subgroup analysis, patients with MLH1 methylation

had a longer DFS than those withmethylation at other loci.42

Wefound thatKRASmutationswere linked to survival de-

fined by a shorter DFS and OS in the overall study population.

Stratification on MMR status showed that this effect was re-

stricted to theMSS subgroupwhereas no effect ofKRAS status

was seen in theMSI subgroup.Largepopulation-basedcohorts

and retrospective analyses of randomized adjuvant trials have

reported conflicting results concerning theprognostic valueof

KRASexon2mutations7,13,43-45 (eTable2intheSupplement).Ret-

rospective analysesof 3 randomizedadjuvant trials (CKVO90-

11,CALGB89803, andPETACC-3) failed todemonstrate anyas-

sociation between KRAS codon 12 and 13 mutations and

Figure 2. Kaplan-Meier Curves for Disease-Free Survival According

toMismatch Repair, KRAS, and BRAF Status
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recurrence-freesurvivalorOS inpatientswithstage IIandIII co-

loncancer.7,44,45 In contrast,multivariate analysis ofdata from

patientswithstageIIIcoloncancer includedintheNCCTGN0147

studyshowedthatKRASmutations ineithercodon12or 13were

independentlyassociatedwithpoorerDFS.15Morerecently,data

onpatientsenrolledinthePETACC-8trialshowedthatbothKRAS

codon12and13mutationswere related toprognosis inpatients

with distal tumors only.16Wereport here thatKRASmutations

were associated with a poor outcome in patients withMSS tu-

mors,which represent approximately90%ofall stage III colon

cancer.This is inaccordancewithourprevious report16because

MSStumorsaremore frequentlydistal,whereasMSI tumorsare

mainly located in the proximal site. A lack of stratification on

MMR tumor status may, at least in part, explain discrepancies

concerning theprognostic valueofKRASmutationamongpre-

viously published studies.

In randomized studies including patients with KRAS-

mutated metastatic CRC, oxaliplatin-based chemotherapy in

combinationwith epidermal growth factor receptor inhibitors

(cetuximabandpanitumumab) isassociatedwithworsesurvival

thanoxaliplatin-basedchemotherapyalone,46,47whichisnotthe

case for irinotecan-basedchemotherapy.48 Inour study, cetux-

imab incombinationwithoxaliplatin-basedchemotherapydid

notworsentheclinicaloutcomesofpatientswithstage III colon

cancerwithKRAS-mutated tumors. Further analysis based on

thecompleteassessmentofKRAS/NRASexons2,3,and4,aswell

as survivalafter recurrenceandtreatments receivedafter recur-

rence, is needed to better elucidate the real predictive effect of

KRASmutations in the adjuvant setting.

Strengthsofour study includebiomarker analysis in apro-

spective collectionof tumorblocks frompatientswith stage III

coloncancer treated inarandomizedtrialwith thecurrentstan-

dardFOLFOX-basedadjuvantchemotherapy.Thepresentstudy

population was representative of the entire PETACC-8 popu-

lation because no statistically significant difference was ob-

served in termsof clinical andpathological characteristics (see

eTable 1 in theSupplement).This large studyallowedus toana-

lyze theprognostic effectofBRAFV600EandKRASmutations

according toMMRstatus. Study limitations include the lackof

patients treatedwith fluorouracil alone,making it difficult to

analyze thepredictivevalueofMMRstatus for the response to

oxaliplatin-basedadjuvant chemotherapy.Thepercentagesof

patientswithmutatedKRAS tumorswere lower thanexpected

in the MSI and MSS groups,7 following amendment of the

PETACC-8 trial eligibility criteria to restrict randomassignment

topatientswithKRASwild-type tumors.Wealso recognize the

inherent limitations related to the lack of assessment of acti-

vating hotspot mutations in KRAS/NRAS exons 2, 3, and 4 on

clinical outcomes of patients with colon cancer treated with

FOLFOXwithorwithout cetuximab in theadjuvant setting. In-

Figure 3. Effect of KRAS and BRAF Status on Disease-Free Survival (DFS) in PatientsWithMicrosatellite-Stable andMicrosatellite-Unstable Tumors
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deed, recentdata fromrandomized studiesdemonstrated that

patientswithmetastatic CRCwhohaveRASwild-type tumors

derived a significant survival benefit from the additionof epi-

dermal growth factor receptor inhibitors (panitumumabor ce-

tuximab) to chemotherapy,whereas patientswithRAS tumor

mutationsdidnot.47,49Finally, ourhypothesis suggesting that

CIMP status may play a role in the good prognostic effect of

BRAFV600Emutation inpatientswithMSI tumors should be

interpretedwithcautionbecauseofthesmallnumberofpatients

andthe lackofCIMPprofilingof the tumors.These resultsneed

to be confirmed on pooled data from large phase III adjuvant

trials using FOLFOX.

Conclusions

This large analysis of patients with stage III colon cancer re-

ceiving FOLFOX-based adjuvant chemotherapy shows that

MMR status should be taken into account in future prognos-

tic studies involvingKRAS andBRAFV600Emutations.BRAF

V600E andKRAS exon 2mutations are independently linked

to shorter DFS and OS in patients with MSS tumors. In con-

trast,KRASmutationshavenoprognosticvalue inpatientswith

MSI tumors, whereas the BRAFV600Emutation could be as-

sociated with longer survival.
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 PETACC-8 study investigators 

Country 

Group(s), Coordinator(s) 

Principle investigator(s) (Centre) 

 

Austria 

Austrian Breast and Colorectal cancer Study Group (ABCSG), Joseph Thaler 

Josef Thaler (Klinikum Kreuzschwestern Wels, Wels); Richard Greil (LKH Salzburg); Johannes Gaenzer (BKH Hall in Tirol, Hall in Tirol); Wolfgang Eisterer 
(University Klinik Innsbruck, Innsbruck); Joerg Tschmelitsch (KH Barmherzige Brüder St. Veit / Glan); Felix Keil (LKH Leoben, Leoben); Hellmut Samonigg 
(Landeskrankenhaus Graz Medizinische Universitätsklinik, Graz); August Zabernigg (BKH Kufstein, Kuftstein); Franz Schmid (LKH Bregenz, Bregenz); 
Günther Steger (Universitätsklinik für Innere Medizin I, Wein); Robert Steinacher (LKH Wolfsberg, LKH); Johannes Andel (LKH Steyr, Steyr); Björn Jagdt, 
(a.ö.Krankenhaus d. Barmherz. Schwest. Ried, Ried); Alois Lang (LKH Rankweil, Rankweil), Michael Fridrik (AKH Linz, Linz); Reinhold Függer (A.ö. 
Krankenhaus d. Elisabethinen Linz); Friedrich Hofbauer (LKH Oberpullendorf, Oberpullendorf); Ewald Woell (KH St. Vinzenz Zams, Zams); Dietmar Geissler 
(LKH Klagenfurt, Klagenfurt); Alfred Lenauer (KH Wiener Neustadt, Wiener Neustadt); Manfred Prager (A.ö. KH Oberwart, Oberwart) 

 

Belgium 

Belgian Group of Digestive Oncology (BGDO), Jean-Luc Van Laethem and Eric Van Cutsem 

Geert D'Haens (Imelda Ziekenhuis, Bonheiden); Gauthier Demolin (Clinique St-Jospeh, Liège); Joseph Kerger (Cliniques Universitaires de Mont-Godinne 
U.C.L. Yvoir); Guido Deboever (A. Z. St-Jozef, Oostende); Gilbert Ghillebert (Heilig Hart Ziekenhuis, Roeselare); Marc Polus (C. H. U. Sart-Tilman, Liège); 
Eric Van Cutsem (University Hospitals , Leuven); Hassan Rezaie Kalantari (C. H. Peltzer-La Tourelle, Verviers); Thierry Delaunoit (Centre Hospitalier de 
Jolimont-Lobbes, La Louvière); Jean Charles Goeminne (Clinique et Maternité Sainte-Elisabeth,  Namur); Marc Peeters (Universitair Ziekenhuis Gent, Gent); 
Philippe Vergauwe (AZ Groeninge-Campus Kennedylaan, Kortrijk); Ghislain Houbiers (Centre médical de L'Avenue, Liege); Yves Humblet (Cliniques 
Universitaires Saint-Luc, Brussels); Jos Janssens (St-Elisabeth Ziekenhuis, Turnhout); Dirk Schrijvers (ZNA Middelheim, Antwerpen); Erik Vanderstraeten (AZ 
Maria Middelares, Gent); Jean-Luc Van Laethem (ULB Hôpital Erasme, Brussels); Jan Vermorken (UZ Antwerpen, Edegem); Daniel Van Daele (Clinique 
Nôtre-Dame de Grâce, Gosselies); Michel Ferrante (AZ Sint-Maarten, Mechelen,); Frederic Forget (Centre Hospitalier de l'Ardenne, Libramont); Alain Hendlisz 
(Jules Bordetinstituut, Brussels) 

 

Denmark 

Lone Nørgård Petersen 

Mette Yilmaz (Aalborg Sygehus-Afsnit Syd, Aalborg); Svend Erik Nielsen (Hillerød Hospital, Hillerød); Lene Vestermark (Odense Universitets Hospital, 
Odense); Jim Larsen (Roskilde Amtssygehus, Roskilde) 

 

France 

Fédération Francophone de Cancérologie Digestive (FFCD), Jean François Seitz; Fédération Nationale des Centres de Lutte Contre le Cancer 
(UNICANCER), Marc Ychou; Fédération Nationale des Centres de Lutte Contre le Cancer Association Européenne de Recherche en Oncologie 
(AERO), Ayman Zawadi 

Mohamed-Ayman Zawadi (Centre Hospitalier Les Oudairies, La Roche sur Yon); Olivier Bouche (CHU de Reims, Hopital Robert Debre, Reims); Laurent 
Mineur (Institut Sainte Catherine, Avignon); Jaafar Bennouna-Louridi (CRLCC René Gauducheau, St Herblain); Louis Marie Dourthe, (Clinique Sainte Anne, 
Strasbourg); Marc Ychou (Centre Regional Val d'Aurelle Paul Lamarque, Montpellier); Eveline Boucher (CRLC Eugène Marquis, Rennes); Julien Taieb 
(Hôpital Européen Georges Pompidou, Paris); Denis Pezet (CHU Estaing, Clermond Ferrand); Francoise Desseigne (Centre Leon Berard, Lyon); Michel 
Ducreux (Institut Gustave Roussy Villejuif); Patrick Texereau (Hopital Layne, Mont-de-Marsan); Laurent Miglianico (Centre Hospitalier Privé Saint- Grégoire 
(Rennes), Saint-Grégoire); Philippe Rougier (Hôpital Européen Georges Pompidou, Paris); Serge Fratte (Centre Hospitalier de Belfort-Montbeliard, Belfort); 
Charles-Briac Levache (Polyclinique Francheville, Perigueux); Yacine Merrouche, (Institut de Cancerologie de la Loire, Saint-Priest-En-Jarez); Stephen Ellis 
(Clinique Saint Pierre, Perpignan); Christophe Locher (CH Meaux, Meaux); Jean-Francois Ramee (Centre Catherine de Sienne, Nantes); Claire Garnier 
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eTable 1: Clinical and pathological characteristics of the present study population tested for MMR status and the entire PETACC8 trial population 
 

 

Present study 

population tested 

for MMR status 

Entire 

PETACC8 

population p-value 

(N=1791) (N=2559)  

 Treatment arm (n) 1791 2559 0.95 

Folfox 897 (50.1%) 1279 (50.0%) . 

Folfox+Cetuximab 894 (49.9%) 1280 (50.0%) . 

 Gender (n) 1791 2559 0.95 

Male 1025 (57.2%) 1462 (57.1%) . 

Female 766 (42.8%) 1097 (42.9%) . 

 Age (n) 1791 2559  

Age ≤ 70 years 1609 (89.8%) 2289 (89.4%) 0.68 

 Median age (range) 60.0 (19.9-75.0) 60.0 (19.9-75.0) 0.99 

 WHO Performance Status (n) 1726 1969 0.93 

0  1405 (81.4%) 1611 (81.8%)  

1 315 (18.3%) 352 (17.9%)  

2 - 3 6 (0.3%) 6 (0.3%)  

 Tumor site (n) 1762 2520 0.67 

Distal 1074 (61.0%) 1552 (61.6%) . 

Proximal 688 (39.0%) 968 (38.4%) . 

 Tumor Grade (n) 1768 2526 0.90 

G1-G2 1435 (81.2% 2054 (81.3%)  

G3-G4 333 (18.8%) 472 (18.7%)  

 Lymph nodes status (n) 1791 2559 0.99 

pN1 1117 (62.4%) 1597 (62.4%) . 

pN2 674 (37.6%) 962 (37.6%) . 
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Present study 

population tested 

for MMR status 

Entire 

PETACC8 

population p-value 

(N=1791) (N=2559)  

 T stage (n) 1791 2559  

pT1/pT2/pTis 168 (9.4%) 267 (10.4%) 0.60 

pT3 1246 (69.6%) 1768 (69.1%) . 

pT4 376 (21.0%) 521 (20.4%)  

pTx 1 (0.1%) 3 (0.1%) . 

 Bowel obstruction and/or perforation (n) 1791 2559 0.81 

Yes 342 (19.1%) 496 (19.4%) . 

No 1449 (80.9%) 2063 (80.6%) . 

 VELI (n) 1791 2559 0.89 

Yes 1007 (56.2%) 1442 (56.4%) . 

No 520 (29.0%) 729 (28.5%) . 

 KRAS (n) 1776 1935 0.93 

 Wild type 1188 (66.9%) 1297 (67.0%) . 

 Mutated 588 (33.1%) 638 (33.0%) . 

 BRAF (n) 1643 1783 0.98 

 Wild type 1495 (91.0%) 1622 (91.0%) . 

 Mutated 148 (9.0%) 161 (9.0%) . 
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eTable 2. Prognostic value of MMR, KRAS exon 2 and BRAFV600E in stage III colon cancer patients included in adjuvant randomized controlled trials 
 

 

DFS *  OS 

Randomized adjuvant 
trials  

No. of 
Patients 

Tumor 
Stage 

Frequency of 
mutations 

HR 
adjusted 

95% CI p HR 
adjusted 

95% CI p 

         
MMR status  
(MSI vs MSS) 

         

Pooled analysis of 5FU-

adjuvant trials 21 
515 

(surgery 

group) 

II + III 15.3% 0.51 0.29 - 0.89 0.009 0.47 0.26 - 0.83 0.004 

 512 (5FU 

group) 

II + III 16.8% 0.79 0.49 - 1.25 0.30 0.78 0.49 - 1.24 0.28 

PETACC3 7 912 III 11.4% 0.59 0.38 - 0.91 0.02 0.48 0.28 - 0.81 0.006 

CALGB 89803 18 505 III 15.2% 0.57 0.37 - 0.88  -- 0.61 0.38 - 0.97  -- 

NSABP-C07 and C08 14 1796 II + III 11.5% 0.48 0.33 - 0.70 <0.001 0.64 0.46 - 0.89 0.008 

N0147 19 2580 III 12.2% 1.04 0.83 - 1.29 0.75  --  --  -- 

         

KRAS exon 2  
(mutant vs wild type) 

         

PETACC3 7 1299 III 37.5% 1.21 0.95 - 1.54 0.12 1.28 0.97 - 1.71 0.09 

in MSS subgroup    1.29 1.01 - 1.66 0.04 1.33 0.99 - 1.79 0.055 

CALGB 89803 45 506 III 24.3% 

(codon 12) 

1.09 0.78 - 1.54  -- 0.98 0.66 - 1.47  -- 

  10.5% 

(codon 13) 

0.82 0.50 - 1.36  -- 0.80 0.46 - 1.42  -- 

NSABP-C07 and C08 14 2081 II + III 38.1% 1.12 0.94 - 1.32 0.21 1.09 0.92 - 1.29 0.33 

N0147 19 2579 III 27.8% 1.44 1.21 - 1.70 <0.001  --  --  -- 

in MSS subgroup    1.45 1.22 - 1.73 <0.001    

in MSI subgroup    0.91 0.40 - 2.10 0.83    

         

BRAFV600E  
(mutant vs wild type) 
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PETACC3 7 829 III 7.9% 1.23 0.79 - 1.92 0.35 1.67 1.04 - 2.68 0.035 

in MSS subgroup    1.23 0.74 - 2.04 0.42 1.62 0.96 - 2.74 0.07 

CALGB 89803 18 506 III 14.8% 1.48 0.96 - 2.27  -- 1.66 1.05 - 2.63  -- 

NSABP-C07 and C08 14 2226 II + III 14.2% 1.02 0.82 - 1.28 0.86 1.46 1.20 - 1.79 <0.001 

N0147 19 2515 III 13.7% 1.37 1.08 - 1.74 0.009  --  --  -- 

in MSS subgroup    1.32 1.01 - 1.73 0.04    

in MSI subgroup    1.58 0.88  - 2.82 0.12    

         
Abbrevation: MMR, mismatch repair; MSS, microsatellite stable; MSI, microsatellite instability; CI, confidence interval; DFS, disease free survival; OS, 

overall survival. 

* Recurrence disease was evaluated by the DFS for all studies excepted for PETACC3 (RFS, recurrence free survival) and NSABP (TTR, time to 

recurrence) trials. 

Pooled analysis of 5FU-adjuvant trials including: FFCD 8802/NCCTG 784852/NCCTG 874651/INT 0035/GIVIO/NCI-CTG C-03. These studies have 

randomized: surgery +/- 5FU/levamisole or leucovorin 21 

PETACC3 trial has randomized: 5FU +/-  irinotecan 7 

CALGB 89803 trial has randomized : 5FU +/-  irinotecan 18, 45 

NSABP-C07 trial has randomized: 5FU +/- oxaliplatin; NSAPB-C08 trial has ramdomized: 5FU/oxaliplatin +/- bevacizumab 14 

N0147 trial has randomized: 5FU/oxaliplatin +/- cetuximab 19 
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