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Abstract

Background and purpose: KRAS and BRAF are mutated in 35% and 10% of colorectal 

cancers, respectively. However, data specifically for locally advanced rectal cancers are scarce, and 

the frequency of KRAS mutations in codons 61 and 146 remains to be established.

Materials and methods: DNA was isolated from pre-therapeutic biopsies of 94 patients who 

were treated within two phase-III clinical trials receiving preoperative chemoradiotherapy. 

Mutation status of KRAS exons 1–3 and BRAF exon 15 was established using the ABI PRISM 

Big Dye Sequencing Kit and subsequently correlated with clinical parameters.

Results: Overall, KRAS was mutated in 45 patients (48%). Twenty-nine mutations (64%) were 

located in codon 12, 10 mutations (22%) in codon 13, and 3 mutations (7%) in codons 61 and 146. 

No V600E BRAF mutation was detected. The presence of KRAS mutations was correlated neither 

with tumor response or lymph node status after preoperative chemoradiotherapy nor with overall 

survival or disease-free survival. When KRAS exon 1 mutations were separated based on the 

amino-acid exchange, we again failed to detect significant correlations (p = 0.052). However, 

G12V mutations appeared to be associated with higher rates of tumor regression than G13D 

mutations (p = 0.012).

Conclusion: We are the first to report the mutation status of KRAS and BRAF in pre-therapeutic 

biopsies from locally advanced rectal cancers. The high number of KRAS mutations in codons 61 

and 146 emphasizes the importance to expand current mutation analyses, whereas BRAF 
mutations are not relevant for rectal carcinogenesis. Although the KRAS mutation status was not 

correlated with response, the subtle difference between G12V and G13D mutations warrants 

analysis of a larger patient population.
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The MAP kinase (MAPK) pathway is a fundamental signal transduction pathway with 

impact on cellular functions such as proliferation, differentiation and apoptosis, and is 

hyper-activated in about 30% of human cancers [ 1 ]. KRAS and BRAF are two important 

members of this pathway and are mutated in 30–40% and 5–10% in colorectal cancer 

(CRC), respectively [2].

KRAS is a membrane-bound G protein and is activated by receptor tyrosine kinases. 

Mutations within the gene increase the kinase activity and correlate with a more aggressive 

biological behavior [3]. In patients with stage IV CRC receiving anti-epidermal growth 

factor receptor (EGFR) agents mutations in this gene are associated with poor treatment 

response [4,5]. Several studies analyzed the role of KRAS mutations for outcome prediction 

in patients treated solely with 5-FU with conflicting results. However, in a multicenter study 

conducted on 3439 patients sub-analysis of the mutations revealed a decreased failure-free 

survival and overall survival for the glycine to valine mutation in codon 12 [6].

A thymidine to adenosine transversion at nucleotide 1799 accounts for about 90% of all the 

BRAF mutations and is located within the kinase domain of the gene leading to an elevated 

activity compared to the wild type [7,8]. To some extent BRAF mutations and KRAS 
mutations can be considered as equivalent in their tumorigenic effect [9,10], and at least the 

T1799A transversion seems to be inversely correlated with the frequency of KRAS 
mutations [7,9,11]. These findings are in line with the recently published data indicating that 

the usefulness of anti-EGFR therapy in metastatic CRC depends on the presence of BRAF 
wild type [12].

Since rectal cancers represent a clinical entity that is distinct from that of colon cancers, we 

focused our analysis on this tumor type. Beside the well-known mutations in codons 12 and 

13, which are located in exon 1, we aimed to detect the less frequent mutations including 

those in codons 61 (exon 2) and 146 (exon 3) using bidirectional sequence analysis. To 

estimate the BRAF mutation frequency we focused on exon 15 which was analyzed in its 

entire length. We then explored a possible correlation of KRAS and BRAF mutations with 

pertinent clinical parameters, including response to preoperative chemoradiotherapy and 

survival data.

Materials and methods

Selection of patients, study design and treatment

All 94 patients were enrolled in the CAO/ARO/AIO-94 [13] or CAO/ARO/AIO-04 

(EudraCT-Number: 2006-002385-20) [14] trial of the German Rectal Cancer Study Group; 

64 were males and 30 were females with a median age of 62.3 years (range: 35–81 years). 

They were exclusively treated at the Department of General and Visceral Surgery, University 

Medicine Göttingen, Germany. Preoperative CT/RT, surgical resection and pathological 

work-up were standardized according to the guidelines of these randomized phase-III trials. 
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Pre-therapeutic staging included rigid rectoscopy and endorectal ultrasound, colonoscopy, 

abdominal and pelvic computed tomography and chest X-ray. Only locally advanced 

adenocarcinomas (cUICC II/III) located within 12 cm from the anocutaneous verge were 

included (Table 1). All patients subsequently received a total radiation dose of 50.4 Gy 

(single dose of 1.8 Gy) accompanied by either (n = 57) a 120-h continuous intravenous 

application of 5-FU (1000 mg/m2/day on days 1–5 and days 29–33) or (n = 37) a 

combination of an intravenous infusion of oxaliplatin (50 mg/m2 on days 1, 8, 22 and 29 

over 2 h) and a continuous infusion of 5-FU (250 mg/m2/day on days 1–14 and days 2235). 

Four to six weeks after the completion of preoperative CT/RT, standardized surgery was 

performed including total mesorectal excision [15]. The patients were followed up within 

these two clinical trials and data of recurrence (local relapse or distant metastases) or death 

(tumor-associated death or death from other reasons) were recorded.

Ascertainment of tumor biopsies and DNA isolation

From each patient, we prospectively collected pre-therapeutic biopsies from representative 

adjacent areas of the tumors, adhering to the guidelines set by the Local Ethical Review 

Board. The first one was used for histopathological confirmation of tumor diagnosis; the 

second one was immediately stored in RNAlater (Ambion, Austin, TX) for subsequent 

extraction of nucleic acids. DNA isolation was performed using TRIZOL (Invitrogen, 

Carlsbad, CA) following standard procedures as previously described [16] (details can be 

found at http://www.riedlab.nci.nih.gov/protocols.asp).

Mutation analysis

Sequence analysis of KRAS exons 1, 2, and 3, and BRAF exon 15 was performed with 

genomic tumor DNA. Considered regions were amplified by multiplex PCR and the 

obtained fragments were subjected to direct sequencing in both directions on an ABI-3100 

Sequencer. Primer sequences for KRAS were as follows: 1F: 5’-

TCCCAAGGAAAGTAAAGTTCCCATATTAATG-3’, 1R: 5’-

CGCAGAACAGCAGTCTGGCTATTTAG-3’, 2F: 5’-

CACTGCTCTAATCCCCCAAGAACTTC-3’, 2R: 5’-

GGAGCAGGAACAATGTCTTTTCAAGTC-3’, 3F: 5’-CAAAGCCA 

AAAGCAGTACCATGGA-3’, and 3R: 5’-

AGCCAAATTTTATGACAAAAGTTGTGGACAG-3’. The sequences for BRAF were F15: 

5’-GTGGATCACACCTGCCTTAAATTGC-3’ and R15: 5’-

GAGAATATCTGGGCCTACATTGCTAAAATC-3’. Briefly, multiplex PCR using Qiagen 

Multiplex Kit (Qiagen, Hilden, Germany) was carried out according to the protocol using 40 

cycles at an annealing temperature of 64 °C. Product contamination was monitored using 

negative controls in each PCR run. PCR products were analyzed on a 2% agarose gel 

(NuSieve® 3:1 Agarose, Lonza, Rockland, USA). Non-incorporated primers and nucleotides 

were digested with 3 and 5 U of shrimp alkaline phosphatase and Escherichia coli 
exonuclease I (USB, Staufen, Germany), respectively, per 10 μl of multiplex PCR product. 

Direct sequencing was then carried out using ABI PRISM Big Dye Terminator v3.1 Cycle 

Sequencing Kit (Applied Biosystems, Carlsbad, CA). Sequencing primers were identical to 

PCR-Primers except for BRAF 15F where 5’-

CAGCATCTCAGGGCCAAAAATTTAATC-3’ was used. DNAs from colorectal cancer cell 
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lines SW480 and HT29, known for KRAS and BRAF mutations, were used as positive 

controls. Mutation analysis was performed using the STADEN package (http://

staden.sourceforge.net/).

Classification of response

Response was defined as T-category downsizing or as UICC downstaging. Both methods 

compared the pre-therapeutic assessment determined by endorectal ultrasound with the 

histopathological diagnosis after surgery (Table 1). As previously described, tumors 

exhibiting a T-level downsizing or a UICC downstaging of at least one category were 

considered responsive [17]. Furthermore, response was assessed using a histopathological 

tumor regression grading (TRG) as assessed by an experienced pathologist. Based on the 

residual tumor mass, chemoradiotherapy-in-duced fibrotic changes and irradiation 

vasculopathy, the resection specimen was evaluated semi-quantitatively according to a five-

point grading system, a modification of the tumor regression grading (TRG) as described by 

Gavioli et al. [18]. Briefly, tumor samples without any fibrosis/regression were considered as 

TRG 0, whereas complete regression (TRG 4) was defined as the absence of viable tumor 

cells in the primary tumor. The tumor samples with more than 50% viable tumor cells (less 

than 50% fibrosis) were considered as TRG 1. A regression within 50–70% was classified as 

TGR 2, while samples were scored as TRG 3 if tumor regression exceeded 70%.

Statistical analysis

Response levels and clinical parameters were compared between patients without and those 

with distinct KRAS mutations by the Kruskal-Wallis test. Additionally, TRG levels were 

compared by subsequent pairwise Wilcoxon rank-sum tests. The global significance level 

was set to α = 5%. Due to non-significant differences in the all-group-comparisons, the 

significance level was adjusted for the pairwise comparisons by the Bonferroni method. 

Correlation of disease-free survival and KRAS mutation was done using Kaplan-Meier 

Curves. All analyses were performed with the free software R (version 2.8, www.r-

project.org).

Results

BRAF mutation status

Activating BRAF mutations are known to be predominantly located within codon 600, 

which resides in exon 15. To detect rare mutations the entire exon 15 was sequenced. 

Surprisingly, none of the 94 patients showed a typical V600E mutation. However, a single 

patient showed a G1780A mutation resulting in the amino acid exchange G594N. The 

known mutation in HT29 cells, which served as positive control, was consistently detected.

KRAS mutation status

For KRAS mutation analysis the entire exons 1, 2, and 3 were sequenced to detect the 

mutation hotspots at codons 12 and 13 as well as to screen for rare mutations such as those 

in codons 61 and 146 or additional rare ones previously described in the literature. In total, 

45 (48%) mutations were found in 94 patients, whereas 29 (64%) were located in codon 12, 
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10 (22%) in codon 13, and 3 (7%) in codons 61 and 146, respectively (Table 2). Only one 

patient exhibited more than one mutation (34G>T and 36T>G).

KRAS mutations and clinical parameters

Therapy response levels (TRG, T-level downsizing and UICC downstaging) as well as 

postoperative T-category and lymph node status (ypT and ypN) were compared between 

patients without KRAS mutation and those with a mutation in either codons 12, 13, 61 or 

146. None of these comparisons showed a significant difference between the groups (Table 

3).

Due to small sample sizes, further analyses of response levels were performed excluding 

patients that carried mutations in codons 61 and 146. Based on the change of amino acids 

codon 12 mutations were analyzed separately. In eight patients glycine was replaced by 

valine (G12V) and in fifteen patients by aspartate (G12D). In these analyses T-level 

downsizing and UICC downstaging again showed no significant association with KRAS 
mutation status (Table 4). However, TRG showed a high association with the individual 

mutations (p = 0.052, Fig. 1). Although statistically not significant this association was 

mainly due to the differences between G12V and G13D (p = 0.012) and the differences 

between the wild type and G12V (p = 0.04), respectively, when pairwise comparison was 

performed. This association did not maintain significance after the Bonferroni adjustment 

was applied (Bonferroni-adjusted significance level: 0.05/6 = 0.008).

KRAS mutations and follow-up data

After a median follow-up of 30.7 months (range: 3–86 months), three patients developed 

recurrent disease and died 15, 21, and 57 months after operation. Two patients died three and 

four months after the operation due to sudden cardiac death, respectively. Accordingly, we 

calculated a median overall survival (OS) of 20 months (range: 3–57 months). One of these 

three patients showed a KRAS mutation (G12W), the others were wild type. Twelve patients 

suffered tumor recurrence, three showed local recurrence, nine distant metastases in lung, 

liver, cerebrum and/or systemic lymph nodes resulting in a median disease-free survival 

(DFS) of 22.8 months (range: 2–50 months). In one of the three patients with local 

recurrence a single KRAS mutation (G12D) was found as well as in six of the nine patients 

with distant metastases (66.7%). However, none of the amino acid exchanges (2×G12D, 

G12C, G12W, G13D, and G12V) was overrepresented significantly. To further investigate if 

a KRAS mutation has an impact on DFS we used Kaplan-Meier Curves but failed to show a 

significant difference (p = 0.58, Fig. 2).

Discussion

The MAPK pathway plays a major role in cell proliferation and is involved in up to 30% of 

CRC [1]. Both KRAS and BRAFare the members of the signaling pathway and are known to 

be activated by oncogenic mutations. In contrast to the literature indicating a mutation 

frequency of about 10% in CRC, we only observed one mutation in 94 rectal cancer biopsies 

(1%). Furthermore, this single mutation was detected in codon 594, which, according to the 

published data, is very rarely affected [7]. The absence of V600E BRAF mutations in our 
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group of locally advanced rectal cancer patients confirms the data from Kim et al. [19] who 

compared cancer of the right (n = 73) and left (n = 72) colon as well as rectal cancers (n = 

79). Compromising UICC-stages I-IV they showed a significant reduction of mutational 

events between right colon and rectum as well as between right and left colon. In accordance 

with our data, no mutations were found in rectal cancers. In contrast, Di Nicolantonio et al. 

[12] found a single V600E allele in 43 rectal samples, whereas Fransen et al. [20] even 

found two mutations in 55 rectal cancers. However, the frequency of BRAF mutations 

decreases from the right to the left colon [19] and since our data represent only rectal cancer 

biopsies from the middle and the lower third of the rectum one could speculate that the 

mutation found was located within the upper third of the rectum. Taken together, these data 

clearly show that BRAF mutations only play a very minor role for rectal carcinogenesis 

compared to colon carcinogenesis.

EGFR targeting chemotherapeutics have recently been added to the preoperative treatment 

options of patients with rectal cancer [21–23]. Though BRAF mutations are considered as 

activating mutations of the MAPK pathway and recent findings indicate that response 

against anti-EGFR therapy requires the presence of the wild-type allele [12], testing for the 

mutation would have an impact on therapeutic outcome and on planning individualized 

therapy concepts. According to our data indicating the complete absence of V600E BRAF 
mutations in adenocarcinomas of the lower and middle rectum, this test would be 

superfluous.

Mutations in the KRAS gene are found in about 30–35% of CRC. This number varies 

depending on the extent of screening, but is mainly comprised of nucleotide transversions in 

codons 12 and 13. In our analysis 45 of 94 patients (48%) showed a mutant KRAS gene in 

the cancer biopsies. Focusing on the hotspot regions codons 12 and 13 still 39 (41.5%) 

cancers are non-wild type implicating that the frequency of mutations in locally advanced 

rectal cancer is comparable to colon cancers.

However, far not all publications about KRAS mutation include analyses of codon 61 (exon 

2), which is expected to account for 1–5% of mutations. Furthermore, very little is known 

about the mutation frequency in codon 146 (exon 3), although a partial transforming activity 

could be shown [24]. To detect these and other rare KRAS mutations we sequenced exons 2 

and 3 in their entire length and found three mutations (3.2%) in codons 61 and 146 each, 

counting for 13.3% of all mutations. For rectal cancer patients the relative high number of 

codon 146 mutations compared to codon 61 mutations has not been described previously. 

For CRC, Edkins et al. [25] investigated two different patient groups, one from the US and 

the other one from Hong Kong. In 94 patients from the US, they found two codon 146 

mutations whereas in 126 patients from Hong Kong seven mutations were found. This 

emphasizes that mutation analysis for codon 146 should be included in future analyses.

KRAS mutations influence therapeutic outcome in patients treated with anti-EGFR agents 

[4,5,26,27] and potentially mediate resistance to ionizing radiation [28,29]. In patients with 

rectal cancer receiving preoperative chemoradiotherapy (CT/RT) in combination with anti-

EGFR agents, an association between KRAS mutations and response has already been 

shown. In contrast, data for patients with locally advanced rectal cancer and preoperative 
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treatment with non-EGFR agents are rare. In 2000 Luna-Perez et al. [30] found KRAS 
mutations in rectal cancer to be associated with longer DFS and OS. While these data were 

retrieved from the tissue taken after preoperative CT/RT, we analyzed 94 biopsies from 

patients with locally advanced rectal cancer that were taken prior to the therapy. We then 

aimed to correlate the KRAS mutation status with clinical parameters such as tumor 

regression grading, T-level downsizing and downstaging. These markers are of major 

interest because the degree of TRG is predictive for disease-free survival [31] and the 

prediction of response could therefore allow for an adjustment of therapy. The correlation of 

KRAS-mutated type versus wild type failed to show any significance for our response 

markers. The lack of significance remained even when adjusting the groups according to the 

codon which carried the mutation. Although preoperative treatment was slightly different 

our data support the recently published work from Zauber et al. [32] who showed in 53 

patients that the mutation status of codons 12 and 13 does not predict response to 

preoperative CT/RT.

However, when we considered the nature of the nucleotide exchange in codons 12 (G12D 

and G12V) and 13 (G13D), we discovered an association (p = 0.052) between these 

subtypes and the TRG. This relation was mainly attributable to the differences between 

G12V and G13D (p = 0.012) as well as between wild type and G12V (p = 0.04) indicating 

that tumors with G12V mutations show less regression than tumors that carry G13D. 

However, the differences do not remain significant after applying the Bonferroni adjustment. 

In combination with the small sample size these associations have to be interpreted very 

carefully. Nevertheless, the observation that the G12V mutation may result in a more 

resistant tumor would be consistent with a large multicenter study on 3439 patients 

indicating that the subtype G12V is associated with shorter disease-free and overall survival 

in Dukes’ B and C CRC [6]. The increased kinase activity, and associated with this the 

increased activation of the ras pathway confirm the data reported by Guerrero and colleagues 

[33–36].

Interestingly, we did not observe significant associations between any KRAS mutation and 

survival data. However, these results need to be interpreted very carefully. First of all, the 

number of relapse events is very small and may represent a sample bias. Second, the follow-

up period is far too short to draw definitive conclusions. Although patients from the 

CAO/ARO/AIO-94 trial have been followed up for more than 5 years, many patients from 

the ongoing CAO/ARO/AIO-04 trial were diagnosed less than 1 or 2 years ago.

In summary, we screened biopsies from 94 patients with locally advanced rectal cancers for 

KRAS and BRAF mutations. Interestingly, no V600E BRAF mutation was found suggesting 

limited relevance of BRAF mutations for rectal carcinogenesis. KRAS mutations in codons 

12 and 13 showed comparable frequency to colon cancers but revealed a high number of 

mutations in codons 61 and 146. Consequently, these two codons should be included in 

future studies. While none of these mutations was significantly associated with response to 

preoperative CT/RT or as a predictor of relapse and/or survival, the G12V and G13D types 

of KRAS mutations revealed a tendency to positively correlate with the response to 

preoperative CT/RT. To further elucidate the impact of distinct KRAS nucleotide changes, 

analyses of a larger patient population will be performed.
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Fig. 1. 
Distribution of the tumor regression grade in the distinct mutation groups.
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Fig. 2. 
Kaplan-Meier Curves for disease-free survival (DFS) depending on KRAS mutation status 

(p = 0.58).
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Table 1

Pre- and postoperative tumor stage, T-level and lymph node (LN) status.

Stage T-level LN status

Preoperative

II 31 uT2 2 N+ 2

uT3 90 N− 31

III 63 N+ 59

uT4 2 N+ 2

Postoperative

0 11 pT0 13 N− 11

N+ 2

I 32 pT1 13 N− 2

N+ 11

II 20 pT2 24 N− 3

N+ 21

III 28 pT3 37 N− 17

N+ 20

IV 3 pT4 7 N− 3

N+ 4

 T-level downsizing  Downstaging

Yes  51 57

No  43 37

Tumor regression gradinga

TRG 0 1

TRG 1 12

TRG 2 30

TRG 3 38

TRG 4 12

a
For one case tumor regression grading was not assessable.
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Table 2

Types of KRAS mutations within 94 locally advanced rectal cancer biopsies.

Codon Number Nucleotide exchange Amino acid

12 (n = 29) 1 34G>A Gly12Ser

1 34G>T Gly12Cys

1 34G>T + 36T>G Gly12Trp

15 35G>A Gly12Asp

3 35G>C Gly12Ala

8 35G>T Gly12Val

13 (n = 10) 10 38G>A Gly13Asp

61 (n = 3) 2 182A>T Gln61Leu

1 182A>G Gln61Arg

146 (n = 3) 2 436G>A Ala146Thr

1 436G>C Ala146Pro
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