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Abstract: Recent insights into the molecular pathogenesis of 

colorectal cancer have given rise to specific target-directed therapies, 

including monoclonal antibodies against epidermal growth factor 

receptor (EGFR) and vascular endothelial growth factor (VEGF). 

These drugs have been approved as second and third line therapies 

for metastatic colorectal cancer (mCRC). Activating mutations of 

the K-Ras family of genes are the most common genetic events in 

tumorigenesis and have been implicated as a predictive factor in 

determining response to anti-EGFR drugs in pivotal studies. Phase II 

and III trials, conducted for investigating the role of K-Ras status on 

anti-EGFR treatment, revealed that patients with wild-type K-Ras had 

better clinical response in terms of prolonged median progression- 

free survival and overall response rates when compared to mutant 

K-Ras. In contrast, patients with mCRC benefit from anti-VEGF 

treatment irrespective of K-Ras status. Interestingly, a combination 

of anti-EGFR and anti-VEGF demonstrates no added value in these 

patients. The studies concluded that pretreatment testing of K-Ras in 

patients with mCRC offers valuable information in deciding treatment 

options. There are several molecular methods for mutation detec-

tion that seem practical enough to apply in clinical practice. Further 

confirmatory prospective studies are needed to evaluate the role of 

K-Ras mutation detections in tumor metastases, early stage CRC, and 

method of sampling specimens. 

Introduction

The advent of target-specific cancer therapeutics has remarkably 
improved the outcomes of patients with colorectal cancer. Mono-
clonal antibodies against 2 specific target proteins, epidermal 
growth factor receptor (EGFR) and vascular endothelial growth 
factor (VEGF) have recently been approved for the treatment of 
metastatic colorectal cancer (mCRC). However, the molecular 
mechanisms underlying the clinical response to these drugs are not 
fully understood. Recent studies have shed some light on the effect 
of intra-cellular signaling pathways involving K-Ras on the safety 
and efficacy of the above drugs. This article aims to review the 
association of K-Ras with the safety and efficacy of drugs targeted 
against these receptors. We will also discuss the clinical implications 
of ascertaining K-Ras status in patients with mCRC.
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Frequency of K-Ras Mutation

K-Ras is considered one of the causal cancer genes in the 
Cancer Gene Census indicating that mutations in the K-
Ras gene are almost certainly involved in the development 
of cancer. The COSMIC (Catalogue of Somatic Mutations 
in Cancer) database reports K-Ras mutations in a total 
of 8,402 samples and no mutations in 29,328 samples   
(ie, approximately 28.7% incidence in all human cancers).1 
Point mutations have been identified most commonly in 
codons 12 and 13 of the K-Ras gene and less commonly 
in codon 61.2 These mutations occur early in the course 
of oncogenesis and are preserved throughout the course 
of tumor progression. K-Ras mutations are found in up 
to 65–100% of pancreatic carcinomas,3 36% of colorectal 
cancers, and 20% of non-small cell lung cancers.5 

Epidermal Growth Factor Receptor  
and K-Ras Mutation

The EGFR is a transmembrane tyrosine kinase that 
signals through at least 2 parallel intracellular pathways 
to regulate cellular proliferation and survival. Mitogen-
activated protein kinases (MAPK) form one of the major 
cell-proliferation signaling pathways from the cell surface 
to the nucleus via a series of intermediate genes includ-
ing RAS, RAF, and MEK (Figure 1). Stimulation of 
EGFR by various signals (EGF, amphiregulin, epiregulin, 
heparin-binding EGF, etc.) results in dimerization and 
phosphorylation of the receptor. This in turn leads to 
activation of RAS via adaptor molecules.4,5 RAS activates 
the cascade through phosphor-inositol kinases (PI3K) as 
well as RAF, and thus acts as a central distributor of the 
signal. Activation of PI3K via AKT inhibits apoptosis, 
whereas RAF activation stimulates cellular proliferation. 
This cascade is involved in the control of growth signals, 
cell survival, and invasion in cancer. Hence, mutations in 
the K-Ras gene lead to an independent activation of the 
downstream signal transduction system.6 

Vascular Endothelial Growth Factor  
and K-Ras Mutation

VEGF is a potent mitogen for micro- and macrovascular 
endothelial cells derived from arteries, veins, and lym-
phatics, and it has been shown to promote angiogenesis 
in in vitro models.7 A variety of input signals upregulate 
VEGF expression. These include epidermal growth factor, 
TGF-β, mutation of p53 gene, as well as Ras mutations 
or amplification. Interestingly, hypoxia is noted to induce 
VEGF expression in solid tumors, a process that appears 
to involve the activation of raf kinases. Pharmacologic 
disruption of mutant Ras protein function in H-Ras trans-

formed rat intestinal epithelial cells by treatment with a 
protein farnesyltransferase inhibitor has been shown to 
cause significant suppression of VEGF. This may suggest 
that Ras oncogenes, in addition to having a direct effect 
on tumor proliferation, may also affect tumor progression 
indirectly by facilitation of angiogenesis.8 

Importance Of K-Ras In Determining 
Response To Anti-Cancer Drugs In  
Colorectal Cancer

EGFR Inhibitors
Two EGFR targeted monoclonal antibodies, cetuximab 
(Erbitux, Bristol-Myers Squibb) and panitumumab 
(Vectibix, Amgen), have been approved by the US Food 
and Drug Administration as second- and third-line agents 
for metastatic colorectal cancer. 

Figure 1.  Downstream signaling pathway of EGFR via 
RAS/RAF/MAPK.
EGFR=epidermal growth factor receptor; MAPK=Mitogen-activated 
protein kinases.
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Cetuximab and K-Ras The phase III CRYSTAL trial 
evaluated the efficacy of cetuximab plus irinotecan based 
on K-Ras status.9 A total of 1,217 patients previously 
untreated for mCRC (expressing EGFR) were random-
ized to FOLFIRI (irinotecan 180 mg/m2, 5-fluorouracil 
[FU] 400 mg/m2 bolus, followed by 2,400 mg/m2 as 46-
hour continuous infusion plus leucovorin) and cetuximab 
plus FOLFIRI (cetuximab 400 mg/m2 intravenously on 
day 1, then 250 mg/m2/week + FOLFIRI every 2 weeks). 
In the cetuximab plus FOLFIRI arm, the median progres-
sion-free survival (PFS) was 8.9 months versus 8 months 
in the FOLFIRI arm (P=.0479). There was a significant 
difference in the overall response rate (ORR) between the 
cetuximab-containing arm and the FOLFIRI only arm 
(46.9% vs 38.7%; P=.0038). 

A retrospective analysis of the study reported by van 
Cutsem and colleagues9 investigated the impact of K-Ras 
mutation in the efficacy of the intention-to-treat arm. 
A total of 540 patient samples were available for K-Ras 
mutation detection, of which 35.6% of patients had 
mutant  K-Ras (Table 1).

In patients with a wild-type K-Ras, the addition 
of cetuximab to FOLFIRI significantly improved the 
median PFS (P=.017) as well as the ORR (P=.0025; 
Table 1). However, patients with mutant K-Ras did not 
derive any clinical benefit with the addition of cetuximab 
as determined by the median PFS (P=.47) or the ORR 
(P=.46).

The safety profiles were similar for patients in both 
arms independent of K-Ras status. Grade 3/4 acne-like 
rash (16% and 17% in wild-type and mutant K-Ras, 
respectively) and infusion reactions (1.7% and 3.8%, 
respectively) were more common in the cetuximab treat-
ment arm. Patients with mutant K-Ras, in the cetux-
imab arm, had a higher incidence of febrile neutropenia 
(3.8%) and fatigue (9.5%) compared to patients with 
wild-type K-Ras. 

Another study looking into the implication of K-
Ras mutation on mCRC outcomes was conducted by  

Bokemeyer and coauthors.10 OPUS, a phase II ran-
domized study performed in Europe, randomized 337 
previously untreated patients expressing EGFR with 
FOLFOX-4 (oxaliplatin 85 mg/m2, 5-FU 400 mg/m2 
bolus, followed by 2,400 mg/m2 as 46-hour continu-
ous infusion, FA 200 mg/m2 on day 1 every 2 weeks) 
and cetuximab (400 mg/m2 initial dose then 250 mg/ 
m2/week) plus FOLFOX-4.11 The median PFS was  
7.2 months in both arms with a trend towards increased 
ORR in the cetuximab arm compared to the FOLFOX 
only arm (45.6% vs 35.7%; P=.063). 

A retrospective analysis of the study investigated 233 
patients evaluable for K-Ras status; 134 patients (58%) 
had wild-type K-Ras and 99 patients (42%) had mutant 
K-Ras (Table 2). In patients with wild-type K-Ras, the 
addition of cetuximab to FOLFOX resulted in a longer 
median PFS (P=.016) and a significant improvement 
in ORR (P=.011). Patients with mutant K-Ras had a 
decreased median PFS compared to patients with wild-
type K-Ras (5.5 vs 8.6 months; P=.0192) and a trend 
towards decrease in ORR (32.7% vs 48.9%; P=.106). 

The safety profile differed in terms of K-Ras status 
in the 2 treatment arms. In the cetuximab arm, patients 
with a mutant K-Ras had a higher incidence of infusion 
reactions compared to wild-type K-Ras (7.7% vs 1.4%) 
but a lower incidence of any grade 3/4 events (67.3%  
vs 83.6%). 

A phase II trial (EVEREST) was conducted by Tejpar 
and colleagues to determine the link between cetuximab 
and K-Ras response.12 Patients with grade 0/1 skin reac-
tions after 22 days of treatment with irinotecan and stan-
dard-dose cetuximab were randomized to receive standard 
dose (250 mg/m2) or escalated (up to 500 mg/m2) doses 
of cetuximab. Of the 86 samples available for K-Ras 
analysis, 62% were wild-type and 37.2% were mutant K-
Ras. Patients with wild-type K-Ras enjoyed considerable 
benefit from irinotecan plus dose-escalated cetuximab 
treatment (Table 3). They had a higher ORR when com-
pared to patients with mutant K-Ras. Patients with K-Ras 

Table 1. CRYSTAL Trial: K-Ras and FOLFIRI With/Without Cetuximab 

Efficacy measure

Wild-type K-Ras (n=346) Mutant K-Ras (n=192)

FOLFIRI  
(n=176)

CET/FOLFIRI  
(n=172)

FOLFIRI  
(n=87)

CET/FOLFIRI 
(n=105)

Median PFS 
(months)

8.7 9.9 8.1 7.6

P=.017 P=.47

ORR(%)

43.2 59.3 40.2 36.2

P=.0025 P=.46

CET=cetuximab; FOLFIRI=leucovorin/fluorouracil/irinotecan; ORR=overall response rate; PFS=Progression-free survival
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mutation did not benefit from either standard or dose-
escalated cetuximab treatment, and their median PFS was 
shorter (2.8 months) that those with wild-type K-Ras  
(5.8 months). This study further confirms that patients 
with irinotecan-refractory disease, who have mutant  
K-Ras, do not benefit from cetuximab therapy. 

Panitumumab and K-Ras A phase III trial compared 
panitumumab, a fully human monoclonal antibody 
directed against the EGFR, plus best supportive care 
(BSC) to that of BSC alone in patients with mCRC who 
progressed after standard chemotherapy.13 A total of 463 
patients with mCRC were randomized to panitumumab 

(6 mg/kg every 2 weeks) plus BSC (n=231) or BSC 
alone (n=232). Patients were allowed to cross over to the 
panitumumab arm if their disease progressed. The mean 
PFS was significantly prolonged with panitumumab (8 vs  
7.3 weeks; P<.0001; Table 4). 

Amado and colleagues examined the effect of pani-
tumumab on PFS by K-Ras status.14 K-Ras status was 
ascertained in 427 of 463 (92%) patients (208 pani-
tumumab, 219 BSC). K-Ras mutations were found 
in 43% of patients. In the group of patients receiving 
panitumumab, responses were only seen in patients 
with wild-type K-Ras (P<.0001; Table 4). They also 
had a longer median time to progression (TTP). When 

Table 2. OPUS Trial: K-Ras and FOLFOX With/Without Cetuximab

Efficacy measure

Wild-type K-Ras (n=134) Mutant K-Ras (n=99)

FOLFOX (n=73) CET/FOLFOX (n=61) FOLFOX (n=47) CET/FOLFOX (n=52)

Median PFS  
(months)

7.2 7.7 8.6 5.5

P=.016 P=.0192

ORR (%)
37 60.7 48.9 32.7

P=.011 P=0.106

CET=cetuximab; FOLFOX=leucovorin/fluorouracil/oxilaplatin; ORR=overall response rate; PFS=progression-free survival.

Table 3. EVEREST Trial: K-Ras and Irinotecan Plus Cetuximab Versus Dose-escalated Cetuximab 

Efficacy measure

Wild-type K-Ras (n=54) Mutant K-Ras (n=32)

Standard CET  
(n=23)

Dose escalated  
CET (n=31)

Standard CET  
(n= 20)

Dose escalated CET 
(n=12)

ORR(%) 30.4% 41.9% 0 0

Median PFS 5.8 months 2.8 months

CET=cetuximab; ORR=overall response rate; PFS=progression-free survival

Table 4. K-Ras Status and Best Support Care With/Without Panitumumab

Efficacy measure

Wild-type K-Ras (n=243) Mutant K-Ras (n=184)

BSC (n=119) BSC + PAN (n=124) BSC (n=100) BSC + PAN (n=84)

Median PFS (weeks)
7.3 12.3 7.3 7.4

HR .00 (P<.0001) HR 0.99 

Median OS (months)
7.6 8.1 4.4 4.9

NR NR

BSC=best supportive care; HR=hazard ratio; NR=Not reported; OS=overall survival; PAN=panitumumab; PFS=progression-free survival
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patients in the panitumumab group were analyzed 
together with crossover patients, a longer OS was 
seen in wild-type tumors than mutant K-Ras tumors 
(Hazard ratio [HR], 0.67; confidence interval [CI], 
0.55–0.82). 

This study revealed that the efficacy of panitumumab 
monotherapy in mCRC is limited to patients with normal 
K-Ras. Hence, K-Ras status determination should be con-
sidered prior to this treatment.

Another study by Hecht and coauthors investigated 
the interaction of K-Ras status and efficacy of panitu-
mumab in chemorefractory mCRC patients with low 
(1–9%) or negative (<1%) EGFR tumor cell expression 
by immunohistochemistry.15 The patients received pani-
tumumab (6 mg/kg every 2 weeks) until their disease 
progressed or they developed unacceptable toxicity. 

Of the patients evaluable for K-Ras (n=171), 55% 
had wild-type and 45% had mutant K-Ras. EGFR expres-
sion level did not correlate with response rates. Response 
to panitumumab was significantly higher in patients 
with wild-type K-Ras. The median PFS doubled in pani-
tumumab patients with wild-type compared to mutant 
K-Ras (15 vs 7.1 months). ORR was determined by wild-
type K-Ras (12% vs 0%) and median OS nearly doubled 
(54.0 vs 29.1 months). Wild-type K-Ras patients had a 
higher incidence of grade 3 skin-related toxicities (17% vs 
8%) and hypomagnesaemia (20% vs 8%). 

The cumulative results of these studies strongly 
support the notion that patients with mCRC should be 
assessed for K-Ras mutation prior to starting anti-EGFR 
treatment. This would help in predicting clinical response 
and avoiding unwarranted financial burden, as well as 
side-effects, some of which can be fatal. Patients with 
wild-type K-Ras have improved PFS and ORR compared 
to patients with mutant K-Ras.

Gefitinib and K-Ras Gefitinib is a potent small-mol-
ecule inhibitor of the tyrosine kinase domain of EGFR. It 
had been studied in patients with lung and head and neck 
cancers, but studies in patients with CRC are limited. 
Ogino and colleagues looked into 30 tumors evaluable for 
K-Ras status and found that 33% of patients (10/30) had 
mutations.16 However, no significant association between 
K-Ras status and response to gefitinib was found. The 
relationship between EGFR overexpression and response 
to gefitinib is not well understood.17 Further studies are 
needed to evaluate the molecular alterations of the EGFR 
gene and response to geftinib in CRC . 

VEGF-Inhibitor
Bevacizumab is a monoclonal antibody to VEGF. Beva-
cizumab in combination with chemotherapy (irinotecan, 
fluorouracil and leucovorin) has been shown to prolong 

both PFS and OS in the first- and second-line treatment  
of mCRC.18 

A retrospective analysis was conducted to describe 
the clinical benefit of bevacizumab according to K-Ras 
mutation status in patients with mCRC. Formalin-fixed, 
paraffin-embedded (FFPE) colorectal cancer tissue blocks 
and corresponding pathology reports were obtained for 
295 of the 813 patients who participated in the bevaci-
zumab trial from multiple centers. Patients included in 
these subset analyses had demographic and pathologic 
characteristics that were representative of the total patient 
population in the original trial. Tissue samples were 
analyzed by DNA sequence analysis. Mutations in K-Ras 
were found in 88 of 255 evaluable samples (35%) and all 
the mutations were in codon 12.

Addition of bevacizumab significantly improved 
the median PFS irrespective of the K-Ras status. Also, 
an increase in the OS was seen across the wild-type and 
mutant K-Ras groups (Table 5). ORR was increased with 
bevacizumab treatment in the wild-type K-Ras group; no 
difference was observed in the mutant K-Ras group. These 
findings suggest the independence of the VEGF and RAS 
signaling pathways regarding the therapeutic effect of 
bevacizumab. Thus, it can be concluded that K-Ras test-
ing is not warranted in patient selection for treatment of 
mCRC patients with bevacizumab.

Dual Biologic Therapy (Anti-EGFR and Anti-VEGF) 
A large phase III trial, known as the Panitumumab 
Advanced Colorectal Cancer Evaluation Study 
(PACCE), investigated the role of panitumumab in the 
first-line therapy of mCRC.19 Data from the PACCE 
trial is presented in Table 6. There were 2 separate study 
groups, depending on the investigator’s choice: the 
first group (n=800) received oxaliplatin-based therapy 
(FOLFOX) plus bevacizumab with or without panitu-
mumab. The second cohort (n=200) received irinotecan- 
based therapy (FOLFIRI) plus bevacizumab with or 
without panitumumab.

In the first cohort, the median PFS and ORR were 
9.6 months and 45%, respectively, in the panitumumab; 
they were 11.1 months and 46%, respectively, in the 
bevacizumab only arm. Serious adverse events were higher 
in the panitumumab arm, affecting 60% of the patients, 
compared with 38% in the control arm. In the panitu-
mumab arm, 27% of patients discontinued therapy due 
to adverse events, and in the bevacizumab arm, 24% 
discontinued. Hence, the addition of panitumumab to 
FOLFOX in combination with bevacizumab worsened 
PFS and increased toxicity. 

In the second cohort, the median PFS and ORR were 
10.1 months and 43%, respectively, in the panitumumab 
arm; they were 11.7 months and 39%, respectively, in the 
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bevacizumab only arm. Toxicity of FOLFIRI plus beva-
cizumab/panitumumab was considerable, with 37% of 
patients developing grade 3/4 skin toxicity, 17% develop-
ing grade 3/4 neutropenia, 2% developing grade 5 infec-
tions, and 1% developing grade 5 pulmonary embolism. 
More patients died in the panitumumab arm than in the 
control arm (23% vs 16%). Worse outcomes were noticed 
in older patients (>80 years) and in those who had worse 
ECOG status. Therefore, although clinical efficacy is not 
compromised in this second cohort, there is significant 
toxicity with the addition of panitumumab and bevaci-
zumab to FOLFIRI. 

A retrospective analysis of tumor samples avail-
able for K-Ras mutation analysis revealed that 57 of 103 
patients (55%) treated in the panitumumab arm and 58 
of 97 (60%) patients in the control arm had wild-type  
K-Ras.19 In patients with wild-type K-Ras, the response 
rate was higher in the panitumumab arm compared with 
the control arm (54% vs 47%). The response was lower in 
the panitumumab arm among the patients with a mutant 
K-Ras, relative to those in the control arm (30% vs 38%).

Hence, looking at the impact of K-Ras status on 
outcome, the results were consistent with what has been 
seen with panitumumab monotherapy. 

CAIRO 2 was a randomized phase III trial investi-
gating the efficacy of dual therapy (anti-EGFR + anti-
VEGF) in the treatment of mCRC.20 Efficacy results 
from the BOND 2 study (cetuximab + bevacizumab + 
irinotecan) showed a response rate of 20% and a median 
TTP of 5.6 months. These results appeared to be supe-
rior to those obtained with the use of bevacizumab or 
cetuximab as single agents. 

In contrast, the PACCE trial demonstrated decreased 
efficacy and increased toxicity with the addition of dual 
biologic therapy to standard chemotherapy.

The CAIRO2 trial randomized patients into 2 groups: 
One group (n=368) received capecitabine (1,000 mg/m2 
twice daily on days 1–14 of a 3 week cycle) plus oxaliplatin 

(130 mg/m2 on day 1) plus bevacizumab (7.5 mg/kg on day 
1) and the other group (n=368) received capecitabine plus 
oxaliplatin plus bevacizumab plus cetuximab (250 mg/m2 
after an initial loading dose of 400 mg/m2). Oxaliplatin 
was omitted after the sixth cycle and capecitabine was then 
increased to a dose of 1,250 mg/m2. The primary endpoint 
of PFS was significantly lower in the cetuximab treatment 
arm (9.6 months) compared to the capecitabine plus beva-
cizumab plus oxaliplatin arm (10.7 months) with a HR of 
1.21 (P=.018). However, the addition of cetuximab to the 
treatment arm did not alter the OS (20.3 vs 20.4 months; 
P=.21) or the ORR (44% vs 44%; P=.88; Table 7). 

Regarding the safety profile, overall grade 3/4 events 
were significantly higher in patients in the cetuximab 
arm (72% vs 82%; P=.0013). The authors of the CAIRO 
2 trial looked at skin toxicity caused by cetuximab. They 
found a higher incidence of grade 3 acneiform skin reac-
tions (25% vs 0.5%, P<.001) and grade 3 nail changes 
(4% vs 0.3%, P<.001) in the cetuximab containing arm 
compared to the capecitabine/irinotecan/bevacizumab 
(COB) only arm. There was no significant increase in 
noncutaneous toxicity, with the exception of an increase 
in grade 3/4 diarrhea in the cetuximab arm (19% vs 
26%; P=.026) 

A subgroup analysis of treatment outcomes and rela-
tionship to K-Ras status was performed. A total of 501 
patients were evaluable, of which 305 (60.8%) patients 
had a wild-type K-Ras and 196 (39.1%) patients had 
a mutant K-Ras. Patients with wild-type K-Ras showed 
no difference in response rates between the 2 treat-
ment arms. However, patients with mutant K-Ras who 
received cetuximab experienced a shorter median PFS 
(8.6 months) than patients who received no cetuximab 
(12.5 months; P=.043). There was no difference in the 
OS (Table 7).21 

Therefore, the CAIRO 2 study did not reveal any 
added benefit of adding cetuximab to bevacizumab plus 
CAPOX (capecitabine + oxaliplatin). These results are 

Table 5. K-Ras and Bevacizumab 

Efficacy measure

Wild-type K-Ras (n=152) Mutant K-Ras (n=78)

IFL+placebo (n=67) IFL+BEV (n=85) IFL+placebo (n=34) IFL+BEV (n=44)

PFS (months)
7.4 13.5 5.5 9.3

P<.0001 P=.0008

OS (months)
17.6 27.7 13.6 19.9

P=.04 P=.26

ORR (%)
37.3 60 41.2 43.2

P=.006 P=.86

BEV=bevacizumab; IFL=irinotecan/fluorouracil/leucovorin; ORR=overall response rate; OS=overall survival; PFS=progression-free survival.
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consistent with the findings of the PACCE trial, which 
showed that the addition of panitumumab to bevaci-
zumab plus FOLFOX or bevacizumab plus FOLFIRI did 
not benefit response rates, and might even be detrimental. 
Among patients with K-RAS mutant tumors, the addi-
tion of panitumumab was associated with a decrease in 
PFS, but did not significantly affect OS.

Based on the findings of these 2 studies, the use  
of dual agents with anti-EGFR and anti-VEGF anti-
bodies is not indicated in the treatment of mCRC. 
Patients with mutant K-Ras do not react favorably to the  
addition of EGFR inhibitors. K-Ras status does not 
appear to play a major role in determining response to 
VEGF inhibitors.

Detection of K-Ras Gene Mutation 

Tumor DNA is obtained from FFPE tissue specimens. 
Five unstained slides and 1 H&E–stained slide at 10 µM 
or a tissue block are collected. A minimum of 2  2 mm 
tumor area with more than 50% tumor cells should be 
available for accurate test interpretation. 

This assay detects 7 K-Ras mutations in codons 12 
and 13. Since preparation of DNA from tissue samples 

is dependent on the quality of the specimen provided, 
inadequate DNA extraction may occur in a significant 
number of paraffin-embedded samples. The methods used 
in this assay are highly selective. They can detect approxi-
mately 1% of mutant DNA in a background of wild-type 
genomic DNA depending on the total amount of DNA 
present. The assay has a limit of detection of between 5 
and 10 copies.22 

Different Methods of Identification of Mutation
Sequencing Methods Dideoxysequencing is the most 
widely used sequencing method. It is suitable for reading 
longer stretches of DNA and has readily available advanced 
software for analysis. However, its use is limited by the cost 
of sequencing equipment and time to prepare samples. It 
may not detect a minority of mutant sequences present in 
a background of abundant wild type sequence.23 

Pyrosequencing is a relatively faster method with 
a real-time readout suitable for sequencing shorter 
stretches of nucleotides (up to 40–50). Since most of the 
K-Ras mutations are concentrated in codons 12 and 13, 
its shorter reading length does not pose a disadvantage. 
Pyrosequencing can accurately quantify the amount of 
each allele, which is useful in assay validation and assures 

Table 6.  PACCE Trial: K-Ras and Dual Biologic Therapy

Efficacy measure OX-CT +BEV (n=410) OX-CT +BEV +PAN (n=413) HR (95% CI)

PFS (months) 11. 1 9.6 1.27 (1.05–1.53)

ORR (%) 46% 45%

IRI-CT +BEV (n=115) IRI-CT +BEV + PAN (n=115) HR

PFS (months) 11.7 10.1 1.21 (0.80–1.82)

ORR (%) 39% 43% 1.15 (OR)

BEV=bevacizumab; HR=hazard ratio; IRI-CT= Irinotecan based chemotherapy; ORR=overall response rate; OX-CT=oxaliplatin-based  
chemotherapy; PAN=panitumumab; PFS=progression-free survival.

Table 7. CAIRO 2 Trial: Anti-EGFR + Anti-VEGF and K-Ras

Efficacy measure Wild-type K-Ras (n=305) Mutant K-Ras (n=195)

COB (n=152) COB-C (n=153) COB (n=103) COB-C (n=93)

PFS (months)
10.7 10.5 12.5 8.6

P=.10 P=.043

Median OS (months)
23.0 22.2 24.9 19.1

P=.49 P=.39

COB=capecitabine/irinotecan/bevacizumab; COB–C=Capecitabine/irinotecan/bevacizumab + cetuximab; OS=overall survival; PFS=progression-free 
survival.
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quality control. It is also more efficient in designing rela-
tively small PCR products from degraded DNA samples. 
Since DNA derived from paraffin-embedded tissue is 
commonly degraded in short fragments, pyrosequencing 
is a more efficient technique.24

Allele-specific Amplification Techniques Allele-specific 
PCR techniques include MASA (mutant allele specific 
amplification), PASA (PCR amplification of specific 
allele), MS-PCR (mutagenically separated PCR), MAMA 
(mutant allele-specific amplification), ARMS (amplifica-
tion refractory mutation system), and ASO (allele specific 
oligonucleotide hybridization). These techniques cannot 
detect the full spectrum of K-Ras mutations. They are also 
more prone to false positive signals from either minute 
contamination or from introduction of point mutations 
by polymerase errors during PCR amplification.25,26

Allele Discrimination There are 4 general mechanisms 
for sequence-specific detection for allelic discrimination: 
allele-specific hybridization, allele-specific nucleotide 
incorporation, allele-specific oligonucleotide ligation, and 
allele-specific invasive cleavage.27 Allele discrimination 
assays are fast and sensitive, and allow for concurrent 
amplification and discrimination. 

Multiplex Polymerase Chain Reaction/Ligase Detec-
tion Reaction (PCR/LDR) PCR/LDR separates the 
amplification and mutation discrimination and hence 
reduces the false positive rates. It allows detection of 
mutations in a high background of wild-type alleles and 
provides higher sensitivity and specificity.25 

PCR-restriction Fragment Length Polymorphism 
(RFLP) A point mutation in a certain DNA segment 
can create or destroy a restriction enzyme recognition 
site, resulting in RFLP. Mismatched primers are used 
to create (or destroy) a restriction enzyme site in PCR-
amplified DNA. This is a sensitive, quick, and easy assay. 
Its reliability depends on the efficacy of the restriction 
enzyme digestion. 

Other Sources of Clinical Samples for  
Detection of K-Ras Mutations
In order to diagnose and assess cancer susceptibility at an 
early stage, the type of collected sample and molecular 
genetic technique applied is a very important decision. 
Clinical samples suitable for molecular diagnosis include 
body secretions, lavage fluids, and cytology specimens, 
which represent the state of the entire organ. For the 
detection of colorectal cancer, various studies have found 
mutated K-Ras sequences as tumor markers in feces, lavage 
fluid (collected prior to colonoscopy), plasma, serum, and 

urine. However, in the above clinical samples, the ratio 
of neoplastic or preneoplastic to normal cells is very low 
and has an inter-individual variability. Hence, extremely 
sensitive molecular methods are needed to detect the 
minute amount of neoplastic or preneoplastic cells with 
mutations.28 Various studies have looked at different 
samples including stool, plasma/serum, lavage fluid, and 
urine.29-40 The modified sensitivity in these studies var-
ies from 29–100%, in part due to the variability of the 
detection method used. The specificity ranged 81–100%. 
There appear to be very few false positives. 

However, most of the patients with positive assays 
tended to have more extensive tumors, mainly metastatic 
tumors. More data are needed to evaluate the usefulness of 
detecting K-Ras mutations in body fluid samples in cases 
of lower stage cancers, before drawing any conclusions.41 

Currently, the most commonly used test is the K-Ras 
mutational kit, based on a PCR developed by DxS Diag-
nostic Innovations.42 The kit is used on DNA samples and 
provides a qualitative assessment of mutation status. After 
DNA extraction, real time PCR assays are performed to 
detect the target molecule. By comparing control and 
mutant sample reactions, users can detect and estimate 
low levels of mutation. No further sample processing is 
necessary and the time to result is less than 3 hours. DxS 
has combined ARMS (allele specific PCR) with the Scor-
pions real-time PCR technology to develop this sensitive 
tool for tumor-borne K-RAS mutations. This particular 
kit was also used in the studies performed with cetuximab 
and panitumumab. This kit detects 7 K-Ras mutations in 
codons 12 and 13, presented below:
1. Gly12Asp (GGT>GAT) 
2. Gly12Ala (GGT>GCT) 
3. Gly12Val (GGT>GTT) 
4. Gly12Ser (GGT>AGT) 
5. Gly12Arg (GGT>CGT) 
6. Gly12Cys (GGT>TGT) 
7. Gly13Asp (GGC>GAC) 

This kit is highly selective and, depending on the total 
amount of DNA present, can detect approximately 1% 
of mutant in a background of wild-type genomic DNA. 
The assays have limits of detection of between 5 and 10 
copies. These selectivity and detection limits are superior 
to technologies such as dye terminator sequencing. 

Future Directions
Mutations in genes such as K-Ras and p53 cause major 
clonal expansion of colorectal tumors. Metastases from 
colorectal cancer patients are also clonal, and whether 
they carry the same K-Ras and p53 mutations as the pri-
mary tumor is controversial. Few studies have described 
the presence of de novo mutations in metastases derived 
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from colorectal carcinomas or the absence in the distant 
recurrence of mutations present in the primary tumor. 
Whether K-Ras mutations are stable throughout the 
progression of disease or whether they undergo clonal 
evolution during tumor progression is still a matter of 
debate.43-45 This may have implications in the treatment 
of metastatic colorectal cancer.

Conclusions

We are entering an era of personalized medicine in cancer 
therapy where treatment is tailored to the individual. The 
predictive value of K-Ras mutations in the treatment of 
mCRC is very useful to clinicians and patients in terms 
of decision making, avoiding toxicities, and decreasing 
financial burden. The results of recent studies are highly 
encouraging for assessment of K-Ras status prior to 
starting anti-EGFR therapy. Because there is no effect of 
K-Ras on the treatment response with anti-VEGF drugs, 
a pre-treatment mutation assessment is not warranted in 
those patients. The studies also highlight the need to use 
sensitive molecular methods of mutation detection. 
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