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ABSTRACT

BACKGROUND

Treatment with cetuximab, a monoclonal antibody directed against the epidermal
growth factor receptor, improves overall and progression-free survival and preserves
the quality of life in patients with colorectal cancer that has not responded to che-
motherapy. The mutation status of the K-ras gene in the tumor may affect the re-
sponse to cetuximab and have treatment-independent prognostic value.

METHODS

We analyzed tumor samples, obtained from 394 of 572 patients (68.9%) with colo-
rectal cancer who were randomly assigned to receive cetuximab plus best support-
ive care or best supportive care alone, to look for activating mutations in exon 2 of
the K-ras gene. We assessed whether the mutation status of the K-ras gene was as-
sociated with survival in the cetuximab and supportive-care groups.

RESULTS

Of the tumors evaluated for K-ras mutations, 42.3% had at least one mutation in exon 2
of the gene. The effectiveness of cetuximab was significantly associated with K-ras
mutation status (P=0.01 and P<0.001 for the interaction of K-ras mutation status with
overall survival and progression-free survival, respectively). In patients with wild-type
K-ras tumors, treatment with cetuximab as compared with supportive care alone sig-
nificantly improved overall survival (median, 9.5 vs. 4.8 months; hazard ratio for death,
0.55; 95% confidence interval [CI], 0.41 to 0.74; P<0.001) and progression-free survival
(median, 3.7 months vs. 1.9 months; hazard ratio for progression or death, 0.40; 95%
CI, 0.30 to 0.54; P<0.001). Among patients with mutated K-ras tumors, there was no
significant difference between those who were treated with cetuximab and those who
received supportive care alone with respect to overall survival (hazard ratio, 0.98;
P=0.89) or progression-free survival (hazard ratio, 0.99; P=0.96). In the group of pa-
tients receiving best supportive care alone, the mutation status of the K-ras gene was not
significantly associated with overall survival (hazard ratio for death, 1.01; P=0.97).

CONCLUSIONS

Patients with a colorectal tumor bearing mutated K-ras did not benefit from cetuximab,
whereas patients with a tumor bearing wild-type K-ras did benefit from cetuximab. The
mutation status of the K-ras gene had no influence on survival among patients treated
with best supportive care alone. (ClinicalTrials.gov number, NCT00079066.)
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RANDOMIZED TRIAL (CO.17) CONDUCT-

ed by the National Cancer Institute of Can-

ada Clinical Trials Group (NCIC CTG) in
collaboration with the Australasian Gastro-Intes-
tinal Trials Group (AGITG) showed that among
patients with colorectal cancer that had not re-
sponded to advanced chemotherapy, monotherapy
with cetuximab, a monoclonal antibody directed
against the epidermal growth factor receptor
(EGFR), improved overall survival and progres-
sion-free survival and preserved the quality of life
better than did best supportive care alone.* How-
ever, resistance to cetuximab was common: at the
first assessment of disease response, the disease
had progressed in more than 50% of treated pa-
tients.

K-ras, a small G-protein downstream of EGFR
and an essential component of the EGFR signal-
ing cascade, can acquire activating mutations in
exon 2, thus isolating the pathway from the effect
of EGFR? and rendering EGFR inhibitors in-
effective.311

We undertook correlative analyses to determine
whether the mutation status of the K-ras gene
modified the effect of cetuximab on overall sur-
vival and progression-free survival in the CO.17
trial. We also assessed the association of K-ras mu-
tation status with overall survival and progression-
free survival among patients receiving best sup-
portive care alone.

METHODS

A protocol committee that included members of
the NCIC CTG and the AGITG designed the study.
The NCIC CTG collected and analyzed the data and
maintained full, unrestricted rights to submit the
study data for publication. One of the academic
authors reviewed all the data, another conducted
the statistical analyses, and a third wrote the first
draft of the manuscript; these authors vouch for
the completeness and accuracy of the data pre-
sented. The initial draft of the manuscript was re-
viewed and commented on by all the authors as
well as by employees of Bristol-Myers Squibb, who
did not make substantive changes. The relevant
institutional review boards approved the study pro-
tocol, including the use of archived tumor tissue.
Written informed consent for tumor tissue research
was obtained from the majority of patients. For
use of tissue from those in whom a clinical de-
cline prevented consent, approval was granted by
the ethics board at the patient’s institution on the

basis of the patient’s consent to the original re-
search.

PATIENTS AND TRIAL DESIGN
The trial design and eligibility criteria have been
reported previously.* The primary objective of the
phase 3 CO.17 study was to examine the effect of
cetuximab on survival among patients with ad-
vanced colorectal cancer in whom all chemother-
apy for colorectal cancer had failed and for whom
no other standard anticancer therapy was available.
Eligible patients were enrolled in the trial between
December 2003 and August 2005. None of the pa-
tients had received previous therapy directed against
EGEFR. After enrollment, patients were randomly
assigned to receive cetuximab plus supportive care
or supportive care alone. Cetuximab was given as
an intravenous loading dose of 400 mg per square
meter of body-surface area, administered over a
period of 120 minutes, on day 1 of treatment, fol-
lowed by an infusion of 250 mg per square meter,

administered over a period of 60 minutes, once a
week. Patients in both groups were evaluated for
tumor response or progression every 8 weeks by
means of radiologic imaging. Cetuximab therapy
was continued until the disease progressed or un-
til the patient could not tolerate the toxic effects.

TUMOR COLLECTION AND PROCESSING
Formalin-fixed, paraffin-embedded samples of tu-
mor tissue from archival specimens collected at
the time of diagnosis were stored at a central tu-
mor bank located at Queen’s University in Kings-
ton, Ontario, Canada. If tumor blocks were unavail-
able, unstained slides were retrieved. Assays of
tissue samples for K-ras mutations were performed
in a blinded fashion by members of the Depart-
ment of Clinical Biomarkers—Oncology at Bristol-
Myers Squibb, Hopewell, New Jersey. All available
tissue samples were classified as having mutated
or wild-type K-ras.

NUCLEOTIDE SEQUENCE ANALYSIS
Mutation analysis of K-ras was performed by ex-
traction of genomic DNA from formalin-fixed,
paraffin-embedded tissue slides or sections with
the use of the QIAamp DNA Mini Kit (Qiagen).
For K-ras analyses, the following nested prim-
er sets for exon 2 were used: huKRAS2 ex2F,
5'GAATGGTCCTGCACCAGTAA3; huKRAS2 ex2R,
5'GTGTGACATGTTCTAATATAGTCA3; huKRAS
ex2Fint, 55GTCCTGCACCAGTAATATGC3"; and
huKRAS?2 ex2Rint, 5ATGTTCTAATATAGTCACA-
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TTTTC3". Each 25-ul polymerase-chain-reaction
(PCR) cocktail contained at least 15 ng of genom-
ic DNA, 2.5 mM magnesium chloride, 300 mM
deoxynucleotide triphosphates, and 2.5 U of
AmpliTaq Gold DNA Polymerase (Applied Bio-
systems). PCR conditions were as follows: 1 cycle
at 94°C for 10 minutes; 45 cycles at 94°C for 30
seconds, 64°C for 30 seconds, and 72°C for 30 sec-
onds; followed by 1 cycle at 72°C for 7 minutes.
Primer extension sequencing was performed with
the use of the BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems). Reactions were
run on a 3730x1 DNA Analyzer (Applied Biosys-
tems). Analyses of the DNA sequences were per-
formed with the use of Mutation Surveyor v2.61
(SoftGenetics), along with visual inspection of each
sample trace in both forward and reverse direc-
tions. Appropriate positive and negative controls
were included for K-ras. The persons who performed
the mutation analyses had no knowledge of the
clinical outcome.

STATISTICAL ANALYSIS
All statistical analyses were performed by the NCIC
CTG in accordance with a protocol for statistical
analysis that was written before the assessment of
K-ras mutation was performed. All randomly as-
signed patients for whom data on K-ras mutation
status were available were included in the analy-
sis. Overall survival, the primary end point, was
defined as the time from randomization until death
from any cause. The secondary end points were
progression-free survival, defined as the time from
randomization until the first objective evidence of
disease progression or death from any cause; re-
sponse rates, defined according to the Response
Evaluation Criteria in Solid Tumors (RECIST); and
quality of life, assessed with the use of the Euro-
pean Organisation for Research and Treatment
of Cancer (EORTC) quality-of-life questionnaire
(QLQ-C30). Wilcoxon tests were used to compare
the two treatment groups with respect to the mean
change from baseline in scores on the global
quality-of-life scale. A difference of more than 10
points was considered to indicate clinical signifi-
cance.'?

The survival of patients in each K-ras-mutation
group and treatment group was summarized with
the use of Kaplan—Meier curves, and the difference
between these groups was compared with the use
of the log-rank test, with the hazard ratio and its
95% confidence intervals calculated from a Cox
regression model with a single covariate. To assess

whether K-ras was an independent prognostic fac-
tor for patients receiving supportive care, a multi-
variate Cox regression model was fitted to data for
patients receiving supportive care alone; it included
the following covariates specified by the protocol:
Eastern Cooperative Oncology Group (ECOG) per-
formance status (0 or 1 vs. 2, on a scale of 0 to 5,
with lower scores representing a higher level of
functioning), sex (male vs. female), age (>65 years
vs. <65 years), baseline lactate dehydrogenase level
(higher than the upper limit of the normal range
vs. the upper limit or lower), baseline alkaline
phosphatase level (higher than the upper limit of
the normal range vs. the upper limit or lower),
baseline hemoglobin (lower than the lower limit
of the normal range vs. the lower limit or higher),
number of disease sites (>2 vs. £2), number of
previous chemotherapy drug classes (>2 vs. £2),
primary tumor site (rectum only vs. colon), and
presence of liver metastases (yes vs. no). We used
the Cox model, with treatment, K-ras—mutation
status, and their interaction as covariates, to as-
sess the interaction between treatment and K-ras—
mutation status. All reported P values are two-
sided and were not adjusted for multiple testing.

RESULTS

CHARACTERISTICS OF THE PATIENTS
Of 572 patients who underwent randomization,
287 were assigned to receive cetuximab plus sup-
portive care, and 285 were assigned to receive sup-
portive care alone. A total of 394 tumor specimens
(198 from the cetuximab group and 196 from the
supportive-care group) were examined for K-ras—
mutation status (accounting for 68.9% of the to-
tal study population). Tumor specimens from the
remaining patients could not be retrieved despite
our best efforts; the most common reasons were
lack of patient consent, insufficient tissue, and re-
fusal or inability of the laboratory of origin to
release the tissue for research. A K-ras mutation
was detected in 40.9% of tumor specimens in the
cetuximab group and in 42.3% of tumor speci-
mens in the supportive-care group. Table 1 shows
the K-ras mutations we identified and the distri-
bution according to the treatment group. Table 2
summarizes the baseline demographic and dis-
ease characteristics of the total study population
and of the patients who were evaluated for the
K-ras mutation. The group of patients with K-ras mu-
tations and the group with wild-type K-ras were
similar with respect to baseline characteristics,
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Table 1. Distribution of K-ras Mutations According to Treatment Group.

GI12A
Gl12C
G12D
G12R
G12S
G12v
GI13A
G13C
G13D
G13v

Mutation*

Cetuximab plus Best Best Supportive
All Patients Supportive Care Care Alone
(N=164) (N=81) (N=83)
no. of mutations (%)

11 (6.4) 7(8.3) 4 (4.6)
9(5.3) 6(7.1) 3 (3.4)
61 (35.7) 28 (33.3) 33 (37.9)
2(1.2) 1(1.2) 1(11)
17 (9.9) 7 (8.3) 10 (11.5)
48 (28.1) 28 (33.3) 20 (23.0)
1(0.6) 0 1(L1)
1(0.6) 0 1(L)
20 (11.7) 7(8.3) 13 (14.9)
1(0.6) 0 1(L1)

Patients Receiving Patients Receiving

* Seven patients had more than one mutation type.
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including ECOG performance status and the oth-
er variables associated with survival in the multi-
variate analysis. The distribution of these charac-
teristics among the patients who were evaluated
for K-ras mutations was similar to that in the to-
tal study population. In the supportive-care group,
13 patients had protocol violations and crossed
over to cetuximab treatment. Four of them re-
ceived cetuximab before progression of the dis-
ease, and nine received cetuximab after progres-
sion. All of the patients who had been assigned to
the cetuximab group and who were included in
the K-ras—mutation analysis did receive cetuximab.

OVERALL SURVIVAL

Among patients with mutated K-ras tumors, the
median overall survival was 4.5 months in the
group receiving cetuximab and 4.6 months in the
group receiving supportive care only, with 1-year
overall survival rates of 13.2% and 19.6%, respec-
tively (hazard ratio for death in the cetuximab
group as compared with the supportive-care group,
0.98; 95% confidence interval [CI], 0.70 to 1.37;
P=0.89) (Fig. 1A). Among patients with wild-type
K-ras tumors, the median overall survival was 9.5
months in the cetuximab group as compared with
4.8 months in the supportive-care group, with
1-year overall survival rates of 28.3% and 20.1%,
respectively (hazard ratio, 0.55; 95% CI, 0.41 to
0.74; P<0.001). In a multivariate Cox regression
model, this difference remained significant after

adjustments for potential prognostic factors spec-
ified in the protocol (hazard ratio, 0.62; 95% CI,
0.44 to 0.87; P=0.006) (Fig. 1B). The effect of
cetuximab on overall survival was significantly
greater among the patients with wild-type K-ras
tumors than among those with mutated K-ras tu-
mors (P=0.01 for the interaction between K-ras—
mutation status and the assigned treatment).

PROGRESSION-FREE SURVIVAL
Among patients with mutated K-ras tumors, the
median progression-free survival was 1.8 months
in both the cetuximab and supportive-care groups
(hazard ratio for progression or death in the cetux-
imab group as compared with the supportive-care
group, 0.99; 95% CI, 0.73 to 1.35; P=0.90) (Fig. 2A).
The precipitous drop in progression-free survival
at 8 weeks was consistent with the tumor-imaging
schedule mandated by the protocol. For patients
with wild-type K-ras tumors, the median progres-
sion-free survival was 3.7 months in the cetuximab
group and 1.9 months in the supportive-care group
(hazard ratio for progression or death in the cetux-
imab group as compared with the supportive-care
group, 0.40; 95% CI, 0.30 to 0.54; P<0.001) (Fig.
2B). This difference remained significant after ad-
justment for potential prognostic factors specified
in the protocol (adjusted hazard ratio, 0.42; 95% CI,
0.30 to 0.58; P<0.001). The effect of cetuximab on
progression-free survival was significantly greater
among the patients with wild-type K-ras tumors
than among those with mutated K-ras tumors
(P<0.001 for the interaction between K-ras—muta-
tion status and the assigned treatment).

RESPONSE TO TREATMENT
None of the patients in the supportive-care group
had an objective tumor response. In the cetuximab
group, the response rate among patients with wild-
type K-ras tumors was 12.8%, whereas only one
patient with a mutated K-ras tumor (1.2%) had a
response. Significantly more patients with wild-
type K-ras tumors than patients with mutated K-ras
tumors had a rash during cetuximab treatment
or within 30 days after completion of the treat-
ment (94.9% vs. 84.0%, P=0.02).

QUALITY OF LIFE
Among patients with wild-type K-ras tumors, those
in the cetuximab group had an improvement in
global health status at 8 weeks, whereas those in
the supportive-care group had a deterioration in
global health status (mean change in score, 3.2 vs.
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Table 2. Characteristics of Patients Included in the Analysis for K-ras Mutation.*

Characteristic
Age
Median —yr
Range —yr
<65 yr—no. (%)
265 yr — no. (%)
Sex —no. (%)
Female
Male
ECOG performance status — no. (%)
0
1
2
Site of primary cancer — no. (%)
Colon only
Rectum only
Colon and rectum
Any previous radiotherapy — no. (%)
Previous chemotherapy — no. (%)
Adjuvant therapy
No. of regimens
lor2
3
4
>5
Thymidylate synthase inhibitor
Irinotecan
Oxaliplatin
Sites of disease — no. (%)
Liver
Lung
Nodes
Ascites
No. of sites of disease — no. (%)
1
2
3
>4
Treatment — no. (%)
Cetuximab plus supportive care

Supportive care alone

All Patients Who Underwent
Randomization (N=572)

63.2
28.6-88.1
335 (58.6)
237 (41.4)

204 (35.7)
368 (64.3)

136 (23.8)
302 (52.8)
134 (23.4)

332 (58.0)
133 (23.3)
107 (18.7)
202 (35.3)

211 (36.9)

104 (18.2
217 (37.9
159 (27.8

92 (16.1
572 (100.0)
550 (96.2)
559 (97.7)

)
)
)
)

463 (8
368 (64.
247 (4

6 (15.

0.9)

3)
3.2)
0)

1
153 (26.
173

153

93 (
(26
(3
2

6.3)

7)
0.2)
6.7)

287 (50.2)
285 (49.8)

Patients with Mutated
K-ras (N=164)

62.0
37.4-88.1
99 (60.4)
65 (39.6)

63 (38.4)
101 (61.6)

34 (20.7)
94 (57.3)
36 (22.0)

108 (65.9)
32 (19.5)
24 (14.6)
50 (30.5)

7 (34.8)

27 (16.5)
69 (42.1)
46 (28.0)
22 (13.4)
164 (100.0)
161 (98.2)
163 (99.4)
129 (78.7
8 (59.

—_— o~~~
w

Patients with Wild-Type
K-ras (N=230)

63.5
28.6-85.9
133 (57.8)
97 (42.2)

74 (32.2)
156 (67.8)

56 (24.3)
127 (55.2)
47 (20.4)

137 (59.6

(59.6)
0(21.7)
43 (18.7)
77 (33.5)

83 (36.1)

46 (20.0)

86 (37.4)

63 (27.4)

5 (15.2)
230 (100.0)
219 (95.2)
(

222 (96.5)

189 (82.2)
144 (62.6)
103 (44.8)
8 (16.5)
17.4
27.

3

40 (17.4)
63 (27.4)
(26)
2 (22.6)

117 (50.9)
113 (49.1)

P Value

0.57

0.20

0.70

0.41

0.53

0.79
0.70

0.12
0.06

0.38
0.57
0.25
0.50
0.27

0.77

* P values, which are for the comparison of patients who had mutated K-ras tumors with patients who had wild-type K-ras tumors, were calcu-
lated with the use of the chi-square test for categorical variables and Student’s t-test for continuous variables. ECOG denotes Eastern

Cooperative Oncology Group.
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Figure 1. Kaplan—Meier Curves for Overall Survival According to Treatment.
Panel A shows results for patients with mutated K-ras tumors, and Panel B
for patients with wild-type K-ras tumors. Cetuximab as compared with best
supportive care alone was associated with improved overall survival among
patients with wild-type K-ras tumors but not among those with mutated
K-ras tumors. The difference in treatment effect according to mutation sta-
tus was significant (test for interaction, P=0.01).

—7.7 points; difference, 10.9; 95% CI, 4.2 to 17.6;
P=0.002). The patients in the cetuximab group
also had less deterioration at 16 weeks than did
those in the supportive-care group (mean change
in score, —0.2 vs. —18.1 points; difference, 17.9; 95%
CI, 7.6 to 28.2; P<0.001). Among patients with
mutated K-ras tumors, there was no significant
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difference in global health status between the
cetuximab group and the supportive-care group
at 8 weeks (mean change in score, —4.7 and -9.6
points, respectively; difference, 4.9; 95% CI, —4.2 to
14.0; P=0.53) or at 16 weeks (mean change in score,
—9.5 and —13.9 points, respectively; difference, 4.4;
95% CI, —9.2 to 17.9; P=0.62).

EFFECT OF MUTATION STATUS IN THE SUPPORTIVE-
CARE GROUP

In the supportive-care group, there was no signifi-
cant difference in overall survival between pa-
tients with wild-type K-ras tumors and those with
mutated K-ras tumors. As seen above, the median
overall survival among the patients with mutated
K-ras tumors was 4.6 months, as compared with
4.8 months among those with wild-type K-ras tu-
mors, with 1-year overall survival rates of 19.6%
and 20.1%, respectively (hazard ratio for death
among patients with K-ras mutations, 1.01; 95% CI,
0.74 to 1.37; P=0.97) (Fig. 3). The median progres-
sion-free survival was 1.8 months and 1.9 months
for patients with mutated and wild-type K-ras tu-
mors, respectively (hazard ratio for progression,
1.12; 95% CI, 0.84 to 1.49; P=0.46). The differences
remained nonsignificant after adjustment for oth-
er factors specified by the protocol (adjusted haz-
ard ratio for death, 1.33; 95% CI, 0.95 to 1.86;
P=0.10; adjusted hazard ratio for progression, 1.24;
95% CI, 0.90 to 1.70; P=0.19).

DISCUSSION

Our findings show that the mutation status of the
K-ras gene is associated with overall survival among
patients with advanced colorectal cancer who are
being treated with cetuximab after previous che-
motherapy has failed. Treatment with cetuximab
as compared with supportive care alone was as-
sociated with almost a doubling of the median
overall and progression-free survival among pa-
tients with wild-type K-ras tumors. There was no
significant survival benefit from cetuximab, how-
ever, among patients with tumors that had K-ras
mutations. Several small, retrospective studies have
shown an association between K-ras—-mutation sta-
tus and responsiveness of a colorectal tumor to
cetuximab.>”13 Treatment with another mono-
clonal antibody directed against EGFR, panitum-
umab, has been compared with supportive care
in a phase 3 trial.'* A K-ras analysis showed, as
with our findings, that the benefit associated with
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panitumumab was limited to patients with wild-
type K-ras tumors.? The group with wild-type K-ras
tumors had a progression-free survival benefit from
treatment with panitumumab, although an over-
all survival benefit was not shown.

We also examined the treatment-independent
effect of K-ras—mutation status. The clinical signifi-
cance of K-ras mutations has varied in reported
studies, most of which have been compromised by
a small sample size. In the largest reported series,
K-ras mutations, as compared with wild-type K-ras,
were associated with a risk of death that was in-
creased by 26%. In particular, a mutation in K-ras
codon 12 with substitution of valine for glycine
(G12V), which was found in 8.6% of all patients,
had a significant effect on failure-free and over-
all survival.®> Mutations in K-ras, B-type Raf
kinase (BRAF), or phosphatidylinositol 3-kinase
(PI3K) genes were also significantly associated
with shorter survival in another study, which in-
volved 586 patients.'® Less favorable clinical out-
comes, particularly shorter survival, have been as-
sociated with the presence of K-ras mutations at
codon 13.1* No association with the outcome was
found in a study of stage 3 colon cancer, but only
55 cases were examined.?” In the randomized trial
of panitumumab therapy as compared with sup-
portive care, multivariate analysis confirmed that
wild-type K-ras was significantly associated with
overall survival, but since most patients in the
supportive-care group crossed over and received
the monoclonal antibody when their disease pro-
gressed, the significance of K-ras—-mutation status
was ultimately uncertain.?

We examined the association of K-ras—muta-
tion status with survival among patients in the
supportive-care group, in whom no effect of cetux-
imab would be expected. Such an analysis repre-
sents the best method for evaluating the signifi-
cance of a variable, since its potential predictive
effect is not relevant. We did not observe a signi-
ficant difference in survival according to K-ras—
mutation status in the supportive-care group.

Although K-ras mutations may be a common
genetic aberration involved in carcinogenesis, mu-
tations of other genes, such as phosphatase and
tensin homologue (PTEN), BRAF, or PI3K, that can
lead to unrestricted growth of cancer cells may
also be useful biomarkers. Loss of PTEN activity,
for example, has been associated with lack of ef-
ficacy of cetuximab in 11 patients with colorectal
cancer.” Further upstream in the signaling path-
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tation status was significant (test for interaction, P<0.001).

Figure 2. Kaplan—Meier Curves for Progression-free Survival According to

Panel A shows results for patients with mutated K-ras tumors, and Panel B
for patients with wild-type K-ras tumors. Cetuximab as compared with best
supportive care alone was associated with improved progression-free sur-
vival among patients with wild-type K-ras tumors but not among those with
mutated K-ras tumors. The difference in treatment effect according to mu-

way, high expression of EGFR ligands, particularly
amphiregulin and epiregulin, has been observed
in tumors that respond to cetuximab, and these
ligands may be targets for new treatments.'® Im-
munohistochemical studies suggest that EGFR,

N ENGLJ MED 359;17 WWW.NEJM.ORG OCTOBER 23, 2008

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

1763



The NEW ENGLAND JOURNAL of MEDICINE

100+
80
g 60 "—.Lleld-type K-ras
s ] ,
5 ]
hd R Mutated
T 404 K-ras
g ]
> 4
3 1 T
04 T Tz
1 P=0.97 :
O o e e 0 B e e o e o N S
0 2 4 6 8 10 12 14
Months after Randomization
No. at Risk
Mutated K-ras 76 64 39 26 19 12 10 7
Wild-type K-ras 105 88 65 34 23 17 12 5
Figure 3. Kaplan—Meier Curves for Overall Survival According to K-ras—
Mutation Status among Patients Receiving Supportive Care Alone.

the principal target of cetuximab, is not a useful
predictive factor'©-22; responses to cetuximab have
been reported in patients with advanced colo-
rectal cancers that do not have immunohisto-
chemical evidence of EGFR expression.2*2* The
problems with immunohistochemical assessment
include inaccuracy of and variations in the pro-
cedure, heterogeneity of EGFR expression in
the tumor, and variable affinity of EGFR for
cetuximab.2%2¢ Assessment of the EGFR copy
number may be more reliable, but the findings
have been inconsistent.?”2° These discrepant re-
sults highlight the need for standardization of the
measurement of EGFR expression and activity.

The inactivation of the effect of cetuximab by
K-ras mutation is biologically plausible and is sup-

ported by previous studies. A lack of activity of
therapy directed against EGFR, particular tyrosine
kinase inhibitors, has also been shown in patients
who have non-small-cell lung cancer with K-ras
mutations.3°-32 Our analysis was focused on K-ras
and was based on a statistical plan that was
specified before the assessment of K-ras status was
performed. Evaluation of multiple correlative bio-
markers was not performed.

Treatment with cetuximab, which is relatively
expensive, would be most cost-effective if it were
given to patients with the highest chance of ben-
efiting from it. Our analysis identified a biomarker
that would effectively exclude a clinically signifi-
cant proportion of patients with colorectal cancer
— those with tumors bearing K-ras mutations
(42%) — from receipt of a therapy offering little
prospect of a benefit. Nevertheless, there were also
patients with wild-type K-ras tumors who did not
have a response to cetuximab and in whom the
tumor rapidly progressed. Additional reliable and
easily measured biomarkers are clearly needed to
improve the identification of patients who will
benefit from treatment with cetuximab.
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