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IMPORTANCE The prognostic value of BRAF and KRAS mutations in patients who have Supplemental content at
undergone resection for colon cancer and have been treated with combination leucovorin, jamaoncology.com
fluorouracil, and oxaliplatin (FOLFOX)-based adjuvant chemotherapy is controversial,
possibly owing to a lack of stratification on mismatch repair status.

OBJECTIVE To examine the prognostic effect of BRAF and KRAS mutations in patients with
stage Il colon cancer treated with adjuvant FOLFOX with or without cetuximab.

DESIGN, SETTING, AND PARTICIPANTS This study included patients with available tumor blocks
of resected stage Ill colon adenocarcinoma who participated between December 2005 and
November 2009 in the PETACC-8 phase Il randomized trial. Mismatch repair, BRAF V60OOE,
and KRAS exon 2 mutational 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 6 months of FOLFOX4 or
FOLFOX4 plus cetuximab after surgical resection for stage Ill colon cancer.

MAIN OUTCOMES AND MEASURES 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 the 2559 patients enrolled in the PETACC-8 trial (42.9% female; median [range]
age, 60.0 [19.0-75.0] years), microsatellite instability (MSI) phenotype, KRAS, and BRAF V60OE
mutations were detected in, respectively, 9.9% (177 of 1791), 33.1% (588 of 1776), and 9.0% (148
0of 1643) of cases. In multivariate analysis, MSI (hazard ratio [HR] for DFS: 110 [95% Cl, 0.73-1.64],
P =.67; HR for 0S:1.02 [95% Cl, 0.61-1.69], P = .94) and BRAF V60OE mutation (HR for DFS: 1.22
[95% Cl, 0.81-1.85], P = .34; HR for 0S: 1.13 [95% Cl, 0.64-2.00], P = .66) were not prognostic,
whereas KRAS mutation was significantly associated with shorter DFS (HR, 1.55 [95% Cl, 1.23-
1.95]; P <.001) and OS (HR, 1.56 [95% Cl, 1.12-2.15]; P = .008). The subgroup analysis showed in
patients with microsatellite-stable tumors that both KRAS (HR for DFS: 1.64 [95% Cl, 1.29-2.08],
P < .00T; HR for 0S: 1.71[95% Cl, 1.21-2.41], P = .002) and BRAF V60OE mutation (HR for DFS:
1.74[95% Cl, 1.14-2.69], P = .0T; HR for 0S:1.84 [95% Cl, 1.01-3.36], P = .046) were indepen-
dently associated with worse clinical outcomes. In patients with MSI tumors, KRAS status was not
prognostic, whereas BRAF V60OE mutation was associated with significantly longer DFS (HR,

0.23[95% Cl, 0.06-0.92]; P = .04) but not OS (HR, 019 [95% Cl, 0.03-1.24]; P = .08).
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olorectal cancer (CRC) is the third most common can-

cer worldwide, causing more than 600 000 deaths each

year.! Disease stage remains the strongest prognostic
variable and is the key determinant of treatment. The major-
ity of newly diagnosed cases of CRC are in patients with non-
metastatic disease that can potentially be cured by surgery,
either alone or combined with adjuvant chemotherapy. How-
ever, there is considerable stage-independent prognostic vari-
ability, likely due to tumor characteristics. Colorectal cancer
isabiologically heterogeneous disease that develops via 2 well-
described pathways of colorectal carcinogenesis, including
chromosomal instability and, less commonly, microsatellite in-
stability (MSI), which occurs in approximately 15% of cases.
Microsatellite instability is a consequence of deficient DNA mis-
match repair (MMR) that results in the accumulation of inser-
tion and/or deletion mutations within microsatellite DNA
regions.? Deficient MMR can result from inheritance of a germ-
line mutation in an MMR gene (MLHI, MSH2, MSH6, PMS2),
causing Lynch syndrome,> or more commonly, from epigen-
etic inactivation of MLHI1,* which is associated with hyper-
methylation of the promoter regions of cancer-specific genes,
a situation known as the CpG island methylator phenotype
(CIMP).> Sporadic MSI CRC tumors are enriched with the BRAF-
activating somatic V6OOE mutation (BRAF V60O0E), which is
absent from MSI tumors associated with Lynch syndrome.® The
BRAF V600E mutation has an overall frequency of approxi-
mately 10% in all CRCs and is mutually exclusive of KRAS mu-
tations, which are detected in 40% to 45% of cases.”®

Although KRAS mutations are predictive of resistance to epi-
dermal growth factor receptor inhibitors in metastatic CRC,° !
and although BRAF V600E is now recognized as a marker of poor
prognosis in this setting,®!? the prognostic effect of these mu-
tations in nonmetastatic CRCis controversial. KRAS mutations
have been linked to disease recurrence and poorer overall sur-
vival in some studies but notin others, and there is some evidence
that its role depends on the tumor site.”*>'® Consistent data in-
dicate that BRAF V60OE mutation is associated with poor out-
comes after relapse,'*!” but its direct effect on recurrence for pa-
tients in the adjuvant setting requires clarification.”'*8:1° Most
studies have shown an association of MSI phenotype with a bet-
ter survival in earlier tumor stage, whereas the effect in stage IT
tumors is more controversial, and data in patients treated by the
current combination leucovorin, fluorouracil, and oxaliplatin
(FOLFOX) standard are scarce.!2!

Prognostic evaluation of these biomarkers is hampered by
the fact that published data often mix prospective and retrospec-
tive studies, colon and rectal cancer, stage [ to IIl tumors, and pa-
tients who did or did not receive a variety of adjuvant regimens;
also, tumors are often not uniformly analyzed for all these bio-
logical molecular markers together (MSI, KRAS, BRAF). In fact,
the frequency of KRAS and BRAF V600OE mutations differs ac-
cording to MMR status, and this may have impaired our interpre-
tation of the effect of these mutations on clinical outcomes. We
therefore examined disease-free survival (DFS) and overall sur-
vival (OS) according to MMR, KRAS, and BRAF status, determined
on stage Il colon cancer specimens collected prospectively from
patients who received adjuvant FOLFOX alone or combined with
cetuximab in the PETACC-8 randomized clinical trial. We also ex-
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Key Points

Question What 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 Ill colon
cancer who participated in the PETACC-8 phase Ill randomized
clinical trial found that in patients with microsatellite-stable
tumors, both KRAS and BRAF V60OE mutations were
independently linked to shorter disease-free and overall
survival. In patients with microsatellite-unstable tumors, KRAS
status was not prognostic, whereas BRAF V60OE mutation was
associated with significantly longer disease-free but not overall
survival.

Meaning Microsatellite, KRAS, and BRAF V60OE status
assessment should be mandatory to stratify adequately in future
adjuvant trials and must be discussed in our daily practice.

amined the prognostic value of KRAS and BRAF V600OE muta-
tions according to MMR status.

Methods

Study Population

This study included all patients with biological informed con-
sent signed and available tumor blocks of resected stage ITI (any
T, N1 or N2, MO) colon adenocarcinoma who have partici-
pated in the PETACC-8 phase IIl randomized trial.? Patients
in this trial were randomized to receive 6 months of FOLFOX4:
85 mg/m? oxaliplatin (2-hour infusion) on day 1, and leucovo-
rin 200 mg/m? followed by fluorouracil (bolus) 400 mg/m? and
a 22-hour continuous infusion of fluorouracil 600 mg/m? for
2 consecutive days, or FOLFOX4 plus cetuximab. The
PETACC-8 study included 2559 patients between December
2005 and November 2009 and was 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 KRAS mutations. 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
compared with FOLFOX4 alone in patients with KRAS exon 2
wild-type resected stage III colon cancer.

MMR Status Determination

Mismatch repair tumor status was determined by immuno-
histochemical analysis (IHC), or by MSI testing when IHC was
indeterminate. Microsatellite instability phenotype tumors
were defined as exhibiting the loss of expression of 1 or more
MMR proteins by IHC or exhibiting high-level tumor DNA MSI
on MSI testing. Microsatellite-stable (MSS) phenotype tu-
mors were defined by normal MMR protein expression in IHC,
or MSS or low-level MSI status on MSI testing.
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Figure 1. Flowchart of PETACC-8 Trial Molecular Study Evaluating the Prognostic Impact of Mismatch Repair,

KRAS, and BRAF Status

2559 PETACCS patients

l

consent form

2043 Patients with biological informed

l

1791 Patients tested for mismatch
repair status

l

i

1614 Patients with microsatellite-stable
tumors

177 Patients with microsatellite-unstable
tumors

14 KRAS missing
138 BRAF missing

1 KRAS missing
10 BRAF missing

i | l

l

1042 KRAS wild type 1382 BRAF wild type 146 KRAS wild type
558 KRAS mutant 94 BRAF mutant 30 KRAS mutant

113 BRAF wild type
54 BRAF mutant

Immunohistochemical Analysis

Mismatch repair protein (MLH1, MSH2, MSH6, PMS2) expres-
sion was analyzed by IHC on tissue microarrays. Primary mono-
clonal antibodies against MLH1 (clone G168-728, diluted 1:100;
BD Pharmingen), MSH2 (clone FEl], 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.??

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).2* 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 KRAS Gene Mutations

BRAF and KRAS mutation status was determined on genomic
DNA extracted from FFPE tissues, using the QIAamp DNA Mini
Kit (Qiagen). Molecular analysis was centralized and carried out
retrospectively for patientsincluded before trial amendment and
prospectively for all other patients. Testing for 7 KRAS exon 2 mu-
tations and the BRAF V600E hotspot exon 15 mutation
(€.1799T>A/p.V600E) was based on real-time polymerase chain
reaction using TagMan probes (Applied Biosystems). Each assay
was validated to detect 10% of mutated alleles.>®

Statistical Analysis
Biomarker status was analyzed by investigators blinded to pa-

tient outcomes, and then transmitted for survival analyses to

jamaoncology.com

the data center. Disease-free survival was defined as the time
between randomization and local or metastatic 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 outcomes were analyzed
with x? tests, and continuous outcomes, with standard para-
metric or nonparametric tests. Continuous variables are pre-
sented as the mean (SD) and median with interquartile range.

Disease-free and overall survival curves were estimated
with the Kaplan-Meier method. Differences between groups
of patients were analyzed with unstratified log-rank tests. Pa-
tients in the 2 treatment arms were combined because no dif-
ference was found between the 2 arms for efficacy analyses.
An unstratified Cox regression model was used to estimate haz-
ard ratios (HRs), 95% confidence intervals, and P values for can-
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.

Analyses were carried out with a 2-sided significance level
of 5%. Results were unadjusted for multiple comparisons. All
statistical analyses were performed with the SAS statistical 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
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Table 1. Clinical and Pathological Characteristics According to Mismatch Repair (MMR), KRAS, and BRAF Status in the Present Study Population

Status, No. (%)

MMR KRAS BRAF

MSS MSI Wild Type Mutant Wild Type Mutant
Characteristic (n=1614) (n=177) P Value (n=1188) (n =588) P Value (n = 1495) (n =148) P Value
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

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

>70y 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 1614 177 .08 1188 588 22 1495 148 .25
and/or perforation, No.

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 1614 177 41 1188 588 .007 1495 148 .04
and/or lymphatic
infiltration, No.

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.

technical failure for the MMR status analysis. One hundred
forty-eight (8.3%) and 15 (0.8%) of these patients were respec-
tively excluded from BRAF V60OE 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
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present study population and the entire PETACC-8 trial popula-
tion in terms of sex (male, 57.2% vs 57.1%), age (<70 years, 89.8%
vs 89.4%), and other clinical features, as well as pathological char-
acteristics (eTable 1in the Supplement). In the present study popu-
lation, MSI phenotype and KRAS and BRAF V600E mutations
were detected in 9.9% (177 0f1791), 33.1% (588 0f 1776), and 9.0%
(148 of 1643) of cases, respectively (Figure 1).
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Table 2. Univariate Cox Proportional Hazards Regression Models for Disease-Free Survival (DFS) and Overall Survival (OS)

DFS 0S
Parameter Patients, No. Events, No. HR (95% Cl) P Value Events, No. HR (95% Cl) P Value
Treatment arm, FOLFOX + cetuximab 1791 472 1.14 (0.95-1.36) 17 240 1.13 (0.88-1.46) 34
vs FOLFOX
Male vs female sex 1791 472 1.13 (0.94-1.36) .20 240 1.19 (0.92-1.54) .19
Age, <70vs>70y 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
pT2vs pTl 1.22 (0.40-3.75) 72 0.72 (0.13-3.94) 71
pT3vspTl 2.84 (1.06-7.62) .04 2.52 (0.62-10.16) .19
pT4vs 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
ECOGPS, 1-2vs 0 1726 451 1.31 (1.05-1.64) .02 229 1.70 (1.27-2.28) <.001
Bowel obstruction and/or perforation, 1791 472 1.51 (1.23-1.86) <.001 240 1.57 (1.18-2.10) .002
yes vs no
Vascular invasion and/or lymphatic 1527 406 1.28 (1.03-1.59) .02 207 1.21 (0.90-1.63) 21
infiltration, yes vs no
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.

Among the 1791 patients tested for MMR status, all tumors
were tested by IHC assay, except for 105 cases that were also tested
by MSI assay because of indeterminate IHC results. Among the
177 tumors with MSI phenotype, 130 (73.4%) had lost MLH1 pro-
tein expression, 23 (13.0%) MSH2 expression, 6 (3.4%) MSH6 ex-
pression, and 12 (6.8%) PMS2 expression. The remaining 6 MSI
tumors were considered indeterminate by means of IHC assay but
positive by means of MSI testing. As expected, MSI compared with
MSS phenotype was significantly associated with proximal tu-
mors, high grade, and female sex (Table 1).1°2-26 Mutated vs non-
mutated KRAS tumor was significantly associated with proximal
site and VELI-positive status, whereas mutated vs nonmutated
BRAF tumor was significantly associated with female sex, proxi-
mal site, higher N and T stage, higher grade, and VELI-positive
status (Table 1). KRAS and BRAF V60OE mutations were mutu-
ally exclusive except in 4 patients (Table 1). Even if the co-
occurrence of KRAS and BRAF V600E mutations is rare in CRC,
this event has already been described with a frequency of approxi-
mately 0.2%, which is in line with our results.>”?® The prevalence
of KRAS mutations was higher in patients with MSS tumors
(34.9%) than in patients with MSI tumors (17.0%) (P < .001).”'°
In contrast, BRAF V60OE mutation was significantly more fre-
quent in patients with MSI tumors (32.3%) than in those with MSS
tumors (6.4%) (P < .001)”'° (Table 1).
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Prognostic Factors in the Overall Population

With an overall median follow-up of 3.52 years (95% CI, 3.46-3.64
years), higher T and N stage were independently associated with
shorter DFS, whereas proximal site, higher N stage, and higher
tumor grade were independently associated with shorter OS
(Tables 2 and 3). In the biomarker analysis, no interaction was
found between treatment (with or without cetuximab) and MMR
status in terms of DFS or OS, but an interaction was found be-
tween both BRAF V600E and KRAS mutation and MMR status
in terms of DFS and OS. Furthermore, no interaction was found
between treatment (FOLFOX vs FOLFOX plus cetuximab) and
KRAS status in terms of DFS (P = .82) and OS (P = .73); and the
treatment administered significantly influenced neither DFS (HR,
0.88[95% CI, 0.66-1.16]; P = .36) nor OS (HR, 0.98[95% CI, 0.66-
1.45]; P = .91) in patients with KRAS-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, MSI phenotype was not significantly as-
sociated with DFS (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-year DFS rates were 69.4% vs 77.1% among patients
with mutated vs wild-type KRAS tumors (Figure 2B), and 73.8%
Vs 74.7% among patients with mutated vs wild-type BRAF tu-
mors (Figure 2C). In multivariate analysis, KRAS mutation was
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Table 3. Multivariate Cox Proportional Hazards Regression Models for Disease-Free Survival (DFS)

and Overall Survival (OS)

DFS 0s
Parameter HR (95% CI) P Value HR (95% Cl) P Value
Treatment arm, FOLFOX + 1.10 (0.89-1.36) .38 1.03 (0.77-1.40) .83
cetuximab vs FOLFOX
Male vs female sex 1.21 (0.97-1.50) .10 1.28 (0.93-1.74) 13
Age, <70vs >70y 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
pT2vs pTl 0.97 (0.30-3.09) .95 0.66 (0.12-3.63) .63
pT3vspTl 1.85 (0.69-5.02) 22 1.37 (0.33-5.63) .66
pT4vs pT1l 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, 1-2vs 0 1.20 (0.93-1.55) .16 1.72 (1.24-2.40) .001
Bowel obstruction and/or 1.04 (0.80-1.35) 77 1.02 (0.70-1.49) .90
perforation, yes vs no
Vascular invasion and/or lymphatic ~ 1.00 (0.79-1.27) .99 0.93 (0.67-1.30) .66
infiltration, yes vs no
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 Abbreviations: ECOG PS, Eastern
BRAF status 1.74 (1.14-2.69) .01 1.84 (1.01-3.36) .046 Cooperative Oncology Group
In M5! patients performa_mce status; FQLFOX,
leucovorin, fluorouracil, and
Mutated vs wild type oxaliplatin; HR, hazard ratio;
KRAS status 0.94 (0.32-2.74) 91 0.90 (0.23-3.45) .88 MMR, mismatch repair;
BRAF status 0.23 (0.06-0.92) 04 0.19 (0.03-1.24) 08 MSS, microsatellite stability;

MSI, microsatellite instability.

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 BRAF V60OE Mutations

in Patients With MSS 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) and shorter OS (HR,
1.71[95% CI, 1.21-2.41]; P = .002) (Table 3). A similar negative
effect was observed for BRAF V60OE mutation. The 3-year DFS
rates were 67.0% and 74.7%, respectively, among MSS pa-
tients with mutated and wild-type BRAF tumors (Figure 3B).
In multivariate analysis, BRAF V60OE mutation in patients with
MSS tumors remained significantly associated with shorter DFS
(HR, 1.74 [95% CI, 1.14-2.69]; P = .01) and shorter OS (HR, 1.84
[95% CI, 1.01-3.36]; P = .046) (Table 3).

Prognostic Effect of KRAS and BRAF V60OE Mutations

in Patients With MSI Tumors

The 3-year DFS rates were 82.8% and 77.5%, respectively, among
MSI patients with mutated and wild-type KRAS tumors

JAMA Oncology Published online January 14, 2016

(Figure 3C). In multivariate analysis, KRAS status in patients with
MSI tumors was not significantly associated with DFS (HR, 0.94
[95% CI, 0.32-2.74]; P = .91) or OS (HR, 0.90[95% CI, 0.23-3.45];
P =.88) (Table 3). As observed in patients with MSS tumors, BRAF
V600E mutation was again associated with clinical outcome in
patients with MSI tumors, but the prognostic effect was in the
opposite direction. Indeed, the 3-year DFS rates were 85.2% and
74.3%, respectively, among MSI patients with mutated and wild-
type BRAF tumors (Figure 3D). In multivariate analysis, MSI tu-
mors harboring BRAF V60OE mutation were associated with lon-
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 FOLFOX with or without cetuximab in a ran-
domized trial of adjuvant therapy. We found that MMR status
was not predictive of either DFS or OS. Most previous studies
have shown a favorable prognostic effect of the MSI
phenotype,2°:2:26:29-32 bt others showed no significant dif-
ference in clinical outcome between patients with MSIand MSS

jamaoncology.com
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Figure 2. Kaplan-Meier Curves for Disease-Free Survival According
to Mismatch Repair, KRAS, and BRAF Status

E DFS according to mismatch repair status
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HR indicates hazard ratio.

tumors.33-> This discrepancy might be explained by a lack of
adjustment for BRAF and KRAS 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 Il and III tumors, and the fa-
vorable prognostic effect seemed to be stronger in stage II
disease.?"*¢ In the NCCTG NO0147 study, which had a design
similar to that of the PETACC-08 trial, analysis of the 2580 pa-
tients with stage III colon cancer participating in this trial
showed that MMR status had no prognostic value.'® Further-

jamaoncology.com
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more, in vitro studies have shown that oxaliplatin,®” contrary
to fluorouracil,3® is active on CRC cell lines independently of
MMR status, suggesting that the clinical effect of MMR status
might be attenuated in patients receiving FOLFOX-based ad-
juvant chemotherapy.

We found that BRAF V60OE mutation influenced neither
DFS nor OS in the overall study population, whereas a nega-
tive effect on DFS and OS was observed in the MSS subgroup.
Recently, data from the NCCTG NO147 trial showed that BRAF
V600E mutation was significantly associated with shorter DFS
in multivariate analysis (HR, 1.37 [95% CI, 1.08-1.701;
P =.009).’° However, the adverse effect of BRAF V60OE mu-
tation was limited to patients with MSS tumors after stratifi-
cation on MMR status.!® It seems important to adjust the BRAF
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 V60OE mutation was
independently associated with shorter OS but not with disease-
free or recurrence-free survival”'*18 (eTable 2 in the Supple-
ment). However, when MMR status was taken into account in
these studies, the worse prognostic value of BRAF V60OE mu-
tation was attenuated in patients with MSI tumors. Indeed,
MSI/BRAF wild-type patients had the best prognosis, whereas
the MSS/BRAF V600E mutation subgroup had the worst prog-
nosis. Patients with MSS/BRAF wild-type or MSI/BRAF V600E-
mutated tumors had intermediate survival.'*-18

Here we found that BRAF V600E mutation was signifi-
cantly associated with longer DFS but not OS in patients with
MSI tumors. This suggests that the prognostic effect of BRAF
V600E mutation in MSI patients treated with FOLFOX with or
without cetuximab adjuvant chemotherapy may be indi-
rectly related to the CIMP phenotype. Indeed, there is consid-
erable overlap among tumors characterized as MSI, mutated
BRAF V600E, and CIMP.® Tumors with BRAF V600OE muta-
tion and MSI phenotype occur almost exclusively as a conse-
quence of CIMP, associated with methylation of the MLHI pro-
moter. The prognostic value of the CIMP phenotype in patients
receiving fluorouracil-based adjuvant chemotherapy is
controversial.>***! To our knowledge, only 1retrospective study
has evaluated the prognostic effect of both MMR and CIMP sta-
tus in patients with stage III colon cancer receiving FOLFOX-
based adjuvant chemotherapy, showing that MSI/CIMP-
positive tumor status was associated with poorer DFS than MSI/
CIMP-negative tumor status.*? However, in the MSI/CIMP-
positive subgroup analysis, patients with MLHI methylation
had a longer DFS than those with methylation at other loci.*2

We found that KRAS mutations were 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 the MSS subgroup whereas no effect of KRAS status
was seen in the MSI subgroup. Large population-based cohorts
and retrospective analyses of randomized adjuvant trials have
reported conflicting results concerning the prognostic value of
KRAS exon 2 mutations”!>%34> (eTable 2 in the Supplement). Ret-
rospective analyses of 3 randomized adjuvant trials (CKVO 90-
11, CALGB 89803, and PETACC-3) failed to demonstrate any as-
sociation between KRAS codon 12 and 13 mutations and
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Figure 3. Effect of KRAS and BRAF Status on Disease-Free Survival (DFS) in Patients With Microsatellite-Stable and Microsatellite-Unstable Tumors
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recurrence-free survival or OS in patients with stage ITand III co-
lon cancer.”#445 In contrast, multivariate analysis of data from
patients with stage ITI colon cancer included in the NCCTG NO147
study showed that KRAS mutations in either codon 12 or 13 were
independently associated with poorer DFS." More recently, data
on patients enrolled in the PETACC-8 trial showed that both KRAS
codon 12 and 13 mutations were related to prognosis in patients
with distal tumors only.'® We report here that KRAS mutations
were associated with a poor outcome in patients with MSS tu-
mors, which represent approximately 90% of all stage III colon
cancer. This is in accordance with our previous report'® because
MSS tumors are more frequently distal, whereas MSI tumors are
mainly located in the proximal site. A lack of stratification on
MMR tumor status may, at least in part, explain discrepancies
concerning the prognostic value of KRAS mutation among pre-
viously published studies.

In randomized studies including patients with KRAS-
mutated metastatic CRC, oxaliplatin-based chemotherapy in
combination with epidermal growth factor receptor inhibitors
(cetuximab and panitumumab) is associated with worse survival
than oxaliplatin-based chemotherapy alone,*¢-*” which is not the
case for irinotecan-based chemotherapy.*® In our study, cetux-
imab in combination with oxaliplatin-based chemotherapy did
not worsen the clinical outcomes of patients with stage Il colon
cancer with KRAS-mutated tumors. Further analysis based on

JAMA Oncology Published online January 14,2016

the complete assessment of KRAS/NRAS exons 2, 3, and 4, as well
assurvival after recurrence and treatments received after recur-
rence, is needed to better elucidate the real predictive effect of
KRAS mutations in the adjuvant setting.

Strengths of our study include biomarker analysis in a pro-
spective collection of tumor blocks from patients with stage III
colon cancer treated in arandomized trial with the current stan-
dard FOLFOX-based adjuvant chemotherapy. The present study
population was representative of the entire PETACC-8 popu-
lation because no statistically significant difference was ob-
served in terms of clinical and pathological characteristics (see
eTable lin the Supplement). This large study allowed us to ana-
lyze the prognostic effect of BRAF V600OE and KRAS mutations
according to MMR status. Study limitations include the lack of
patients treated with fluorouracil alone, making it difficult to
analyze the predictive value of MMR status for the response to
oxaliplatin-based adjuvant chemotherapy. The percentages of
patients with mutated KRAS tumors were lower than expected
in the MSI and MSS groups,” following amendment of the
PETACC-8 trial eligibility criteria to restrict random assignment
to patients with KRAS wild-type tumors. We also 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
FOLFOX with or without cetuximab in the adjuvant setting. In-
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deed, recent data from randomized studies demonstrated that
patients with metastatic CRC who have RAS wild-type tumors

Original Investigation Research

Conclusions

derived a significant survival benefit from the addition of epi-

dermal growth factor receptor inhibitors (panitumumab or ce-
tuximab) to chemotherapy, whereas patients with RAS tumor
mutations did not.*”*° Finally, our hypothesis suggesting that
CIMP status may play a role in the good prognostic effect of
BRAF V600E mutation in patients with MSI tumors should be
interpreted with caution because of the small number of patients
and the lack of CIMP profiling of the tumors. These results need
to be confirmed on pooled data from large phase III adjuvant

trials using FOLFOX.
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eTable 1: Clinical and pathological characteristics of the present study population tested for MMR status and the entire PETACCS trial population

Present study Entire
population tested PETACCS8
for MMR status 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%)
i Gender (n) 1791 2559 0.95
Male 1025 (57.2%) 1462 (57.1%)
Female 766 (42.8%) 1097 (42.9%)
B Age (n) 1791 2559
Age <70 years 1609 (89.8%) 2289 (89.4%) 0.68
B Median age (range) 60.0 (19.9-75.0) 60.0 (19.9-75.0) 0.99
B 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%)
B Tumor site (n) 1762 2520 0.67
Distal 1074 (61.0%) 1552 (61.6%)
Proximal 688 (39.0%) 968 (38.4%)
N Tumor Grade (n) 1768 2526 0.90
G1-G2 1435 (81.2% 2054 (81.3%)
G3-G4 333 (18.8%) 472 (18.7%)
B 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 Entire
population tested PETACCS8
for MMR status 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 Ill colon cancer patients included in adjuvant randomized controlled trials

DFS * (ON)
Randomized adjuvant No. of Tumor | Frequency of HR 95% CI p HR 95% ClI p
trials Patients Stage mutations adjusted adjusted
MMR status
(MSI vs MSS)
Pooled analysis of 5FU- 515 1T+ 111 15.3% 0.51 0.29-0.89 | 0.009 0.47 0.26-0.83 | 0.004
adjuvant trials *' (surgery
group)
512 (5FU | II+111 16.8% 0.79 049-1.25| 030 0.78 049-1.24 | 0.28
group)
PETACC3’ 912 111 11.4% 0.59 0.38-0.91 0.02 0.48 0.28-0.81 | 0.006
CALGB 89803 8 505 I 15.2% 0.57 0.37-0.88 -- 0.61 0.38-0.97 -
NSABP-C07 and C08 ™ 1796 G 11.5% 0.48 0.33-0.70 | <0.001 0.64 0.46-0.89 | 0.008
N0147" 2580 111 12.2% 1.04 0.83-129 | 0.75 - -- -
KRAS exon 2
(mutant vs wild type)
PETACC3’ 1299 111 37.5% 1.21 095-1.54 | 0.12 1.28 097-1.71 | 0.09
in MSS subgroup 1.29 1.01-1.66 | 0.04 1.33 0.99-1.79 | 0.055
CALGB 89803 ¥ 506 111 24.3% 1.09 0.78 - 1.54 -- 0.98 0.66 - 1.47 -
(codon 12)
10.5% 0.82 0.50-1.36 -- 0.80 0.46 - 1.42 -
(codon 13)
NSABP-C07 and C08 ™ 2081 JIEI 38.1% 1.12 094-1.32 | 021 1.09 092-1.29 | 033
No0147" 2579 111 27.8% 144 | 1.21-1.70 | <0.001 - - -
in MSS subgroup 1.45 1.22-1.73 | <0.001
in MSI subgroup 0.91 040-2.10 | 0.83
BRAFE Vo0E
(mutant vs wild type)
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PETACC3’ 829 111 7.9% 1.23 0.79-192 | 035 1.67 1.04-2.68 | 0.035
in MSS subgroup 1.23 0.74-2.04 | 042 1.62 0.96-2.74 | 0.07
CALGB 89803 '® 506 III 14.8% 1.48 0.96 -2.27 -- 1.66 1.05-2.63 -
NSABP-C07 and C08 ™ 2226 II+1I1 14.2% 1.02 0.82-1.28 | 0.86 1.46 1.20-1.79 | <0.001
NO1477 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 *'

PETACCS3 trial has randomized: 5FU +/- irinotecan ’

CALGB 89803 trial has randomized : 5FU +/- irinotecan '>*

NSABP-C07 trial has randomized: 5FU +/- oxaliplatin; NSAPB-C08 trial has ramdomized: 5FU/oxaliplatin +/- bevacizumab 1

NO147 trial has randomized: 5FU/oxaliplatin +/- cetuximab "
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