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ABSTRACT

Background. In patients undergoing resection of col-

orectal liver metastases (CLM), resection margin status is a

significant predictor of survival, particularly in patients

with suboptimal response to preoperative therapy. RAS

mutations have been linked to more invasive and migratory

tumor biology and poor response to modern chemotherapy.

Objective. The aim of this study was to evaluate the

relationship between RAS mutation and resection margin

status in patients undergoing resection of CLM.

Methods. Patients who underwent curative resection of

CLM from 2005 to 2013 with known RAS mutation status

were identified from a prospectively maintained database.

A positive margin was defined as tumor cells\1 mm from

the parenchymal transection line.

Results. The study included 633 patients, of whom 229

(36.2 %) had mutant RAS. The positive margin rate was

11.4 % (26/229) for mutant RAS and 5.4 % (22/404) for

wild-type RAS (p = 0.007). In multivariate analysis, the

only factors associated with a positive margin were RAS

mutation (hazard ratio [HR] 2.439; p = 0.005) and carci-

noembryonic antigen level 4.5 ng/mL or greater (HR

2.060; p = 0.026). Among patients presenting with liver-

first recurrence during follow-up, those with mutant RAS

had narrower margins at initial CLM resection (median

4 mm vs. 7 mm; p = 0.031). A positive margin (HR 3.360;

p\ 0.001) and RAS mutation (HR 1.629; p = 0.044) were

independently associated with worse overall survival.

Conclusion. RAS mutations are associated with positive

margins in patients undergoing resection of CLM. Tumors

with RAS mutation should prompt careful efforts to achieve

negative resection margins.

Historically, the finding of viable tumor cells at the

resection margin after resection of colorectal liver metas-

tases (CLM) has been associated with reduced overall and

recurrence-free survival.1–10 However, reports based on

more recent patient series have called into question the

impact of positive resection margins on survival.11–13 This

discrepancy has been attributed to more effective modern

chemotherapy and targeted therapies administered preop-

eratively and/or postoperatively.13 We recently showed

that a positive resection margin remained significantly

associated with worse prognosis, even in the era of modern

preoperative chemotherapy.14 In a recent report of a

detailed pathologic analysis of resection margins in

patients undergoing resection of CLM, improved survival

was reported in patients with negative margins smaller than

1 mm;15 however, the biologic factor(s) driving these

margin-based differences in prognosis remain unclear.

Rat sarcoma viral oncogene homolog (RAS) mutations

are found in 15–35 % of patients with resectable CLM and

have been associated with reduced overall and recurrence-

free survival after hepatectomy.16–18 Furthermore, RAS

mutations have been found to predict worse morphologic

and pathologic response to chemotherapy, not just to

monoclonal antibodies targeting the epidermal growth

factor receptor.19–22 Other reports have suggested that RAS
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mutation indicates a more migratory and invasive tumor

biology.23–25 Taken together, these findings indicate that

RAS mutation reflects a more aggressive tumor phenotype

and may have implications regarding the optimization of

local therapy in patients with resectable CLM.

Previously, investigators hypothesized that a positive

resection margin is a surrogate marker of worse tumor

biology irrespective of the apparent correlation between a

positive resection margin and poor surgical technique.13,26

Based on this hypothesis, and in support of findings indi-

cating that RAS mutation represents a more aggressive

tumor phenotype, the aim of the current study was to

evaluate the relationship between RAS mutation and

resection margin status in patients undergoing resection of

CLM.

METHODS

Study Population

This study was approved by the Institutional Review

Board (IRB) of the University of Texas MD Anderson

Cancer Center (IRB protocol PA13-0795). The prospective

institutional liver database was searched to identify patients

who underwent curative resection of CLM with known

RAS mutation status at MD Anderson from 2005 to 2013

without concomitant radiofrequency ablation. For each

patient, the following data were extracted from the

prospective institutional liver database, or updated by

journal review if missing: sex, age, location of primary

cancer, lymph node status of primary cancer, disease-free

interval between resection of the primary cancer and pre-

sentation with liver metastases, number of CLM, diameter

of the largest CLM, RAS mutation status, preoperative

chemotherapy, number of cycles of preoperative chemother

apy, type of preoperative chemotherapy, type of liver

resection, pathologic response to preoperative chemother-

apy, site of any recurrence, and overall survival.

Disease Management

Helical computed tomography of the chest, abdomen,

and pelvis with a triphasic liver protocol was used in all

patients to assess resectability and extrahepatic disease.

Resection of CLM in the presence of extrahepatic disease

was only performed if the extrahepatic disease was judged

to be completely resectable. Two-stage hepatectomy and

portal vein embolization were used to extend resectability

in patients with insufficient standardized future liver rem-

nant volume.27,28 Intraoperative ultrasonography was used

in all patients to assess the vascular anatomy of the portal

pedicles and the hepatic veins, and to assess previously

known and undetected lesions. The parenchymal transec-

tion was performed using a two-surgeon technique with the

Cavitron Ultrasonic Surgical Aspirator (Valleylab, Boul-

der, CO, USA) and saline-linked cautery (Dissecting Sealer

DS 3.0; Tissue Link Medical, Inc., Dover, NH, USA) under

total or selective hepatic inflow.29 Preoperative oxaliplatin-

or irinotecan-based chemotherapy including bevacizumab

(six cycles as a standard) was used in the majority of

patients. In most patients, chemotherapy was reintroduced

after surgery to complete a total of 12 cycles. Radiological

follow-ups were performed every 4 months after surgery to

assess for recurrence.

Histological Examination and RAS Mutation Profiling

Upon histological examination of the resected specimen,

the pathologist verified the presence of CLM and assessed

the width of the margin and the percentage of viable tumor

cells. A positive resection margin was defined as viable

tumor cells \1 mm from the resection margin, as previ-

ously described5. Complete or major pathologic response

to preoperative chemotherapy was defined as 49 % or

fewer viable tumor cells.30 DNA from CLM was used to

determine RAS mutation status: routine polymerase chain

reaction-based primer extension assay was performed to

screen for mutations in KRAS codons 12 and 13 in all

patients, and for mutations in KRAS codons 64 and 161 and

NRAS codons 12, 13, and 62 in the majority of patients in

the most recent years of the study period. The lower limit

of detection of this assay was approximately one mutant

allele in the background of nine wild-type alleles. Single

mutations in the various codons of KRAS and NRAS were

analyzed together and reported as RAS mutations.

Statistical Analysis

The Shapiro–Wilk test was used to assess whether

continuous data were normally distributed and could thus

be summarized in terms of mean with standard deviation

and compared using independent t tests. Non-normally

distributed continuous data were summarized in terms of

median with range and compared using the Mann–Whitney

U test. Categorical data were compared using Pearson Chi

square tests. A p value \0.05 was considered statistically

significant. When the continuous variables of carcinoem-

bryonic antigen level and diameter of the largest CLM

were converted into binary categories, the cutoff was set

between the median/mean values of the groups to be

compared. Factors with a p value \0.1 from univariate

analyses were entered into multivariate analyses. Binary

logistic regression with enter method for the covariates was

used to perform a multivariate analysis to assess predictors

of a positive margin. Cox regression survival analyses with
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enter method for the covariates were conducted to deter-

mine factors associated with overall survival. Only factors

with p value \0.1 in multivariate analyses were reported.

The Kaplan–Meier method was used to estimate survival

rates, and survival curves were compared using the log-

rank test. The statistical analyses were performed using

SPSS version 19.0 (IBM Corporation, Armonk, NY, USA).

RESULTS

Patient Characteristics According to the Status of the

Resection Margin

RAS mutation status was available in 757 patients who

underwent resection of CLM from 2005 to 2013. Of these

757 patients, 633 underwent curative resection without the

concomitant use of radiofrequency ablation, and were thus

eligible for analyses (Fig. 1). Patient characteristics, char-

acteristics of the CLM, use of preoperative chemotherapy

and targeted therapies, types of resection (only resection

characteristics that differed significantly by margin status

are shown), and pathologic response according to resection

margin status are listed in Table 1. The mean age was

55.8 years (range 23–84 years), and there were 371 men

(58.6 %) and 262 women (41.4 %). The primary cancer

was located in the colon in 484 patients (76.5 %) and in the

rectum in 149 patients (23.5 %). Positive lymph nodes in

relation to the primary cancer were found in 403 patients

(63.7 %). There were no associations between a positive

resection margin and sex, age, location of the primary

cancer, or lymph node status of the primary cancer.

An RAS mutation was found in 229 patients (36.2 %),

and RAS mutation was associated with a positive resection

margin in univariate analysis (rate of positive margins,

11.4 % in patients with mutant RAS vs. 5.4 % in patients

with wild-type RAS; p = 0.007) [Table 1; Fig. 1]. Fur-

thermore, RAS mutation status was not associated with

metastasis size (p = 0.753), numbers (p = 0.476), disease-

free interval (p = 0.774), carcinoembryonic antigen level

(p = 0.090), or primary tumor lymph node status

(p = 0.215).

Preoperative chemotherapy was used in 545 patients

(86.1 %) and the rate of a positive margin was 7.5 %,

compared with 8.0 % in patients not treated with preop-

erative chemotherapy (p = 0.887). After exclusion of

patients receiving multiple and complex preoperative reg-

imens, patients receiving oxaliplatin-based (n = 273) and

irinotecan-based (n = 125) preoperative chemotherapy had

similar rats of positive margins. Furthermore, the RAS

mutation rate was similar in patients treated with oxali-

platin-based (35.9 %) and irinotecan-based (30.4 %)

preoperative chemotherapy (p = 0.283). A total of 420

(66.4 %) patients received bevacizumab preoperatively,

and the rate of a positive resection margin was the same in

these patients as in those who did not receive bevacizumab.

Thirty-one patients (4.9 %) received cetuximab or panitu-

mumab perioperatively, and the rate of a positive resection

margin was the same in these patients as in those who did

not receive these treatments.

Factors Associated with a Positive Resection Margin

In univariate analyses (Table 2), factors associated

with a positive resection margin were diameter of the

largest CLM of 30 mm or more, carcinoembryonic anti-

gen level 4.5 ng/mL or more, RAS mutation, extended

liver resection, left hepatectomy, and non-partial hepate-

ctomy. Major hepatectomy (more than three segments),

right hepatectomy, the second stage of two-stage hepa-

tectomy, and bilateral resection were not associated with a

positive resection margin. The only independent factors

predicting a positive resection margin were carcinoem-

bryonic antigen level 4.5 ng/mL or more (hazard ratio

[HR] 2.060, 95 % confidence interval [CI] 1.090–3.893;

p = 0.026) and RAS mutation (HR 2.439, 95 % CI 1.300–

4.575; p = 0.005).

Resection of Colorectal Liver Metasta-
ses with Known RAS Mutation Status 

2005 - 2013 
n = 757

Resection Combined with 
Radiofrequency Ablation 

n = 77
Noncurative Resection 

n = 47

Curative Resection without 
Radiofrequency Ablation

n = 633

RAS Wild-Type
n = 404

RAS Mutation
n = 229

5.4%
(n = 22)

11.4% 
(n = 26)

P = 0.007

Positive Margin

FIG. 1 Study population according to RAS mutation status and

resection margin positivity
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TABLE 1 Patient, disease, and treatment characteristics and pathologic response according to resection margin status

Characteristic All patients Resection margin status p Value

Positive Negative

Total number of patients 633 48 (7.6) 585 (92.4)

Sex

Female 262 23 (8.8) 239 (91.2) 0.340

Male 371 25 (6.7) 346 (93.3)

Age, years [mean (SD)] 55.8 56.6 (12.1) 55.8 (10.7) 0.626

RAS mutation status of CLM

Wild-type 404 22 (5.4) 382 (94.6) 0.007

Mutant 229 26 (11.4) 203 (88.6)

Disease-free intervala

[12 months (metachronous CLM) 187 11 (5.9) 176 (94.1) 0.295

B12 months (synchronous CLM) 446 37 (8.3) 409 (91.7)

Number of CLM

Single 296 22 (7.4) 274 (92.6) 0.851

Multiple 332 26 (7.8) 306 (92.2)

Diameter of largest CLM, mm [mean (SD)] 28 35 (30) 27 (22) 0.024

CEA, ng/mL [median (range)] 3 (0–2915) 6 (1–1993) 3 (0–2915) 0.031

Preoperative chemotherapy

Yes 545 41 (7.5) 504 (92.5) 0.887

No 88 7 (8.0) 81 (92.0)

Cycles of preoperative chemotherapy

B6 374 24 (6.4) 350 (93.6) 0.216

[6 182 17 (9.3) 165 (90.7)

Preoperative chemotherapy regimenb

Oxaliplatin-based 273 22 (8.1) 251 (91.9) 0.561

Irinotecan-based 125 8 (6.4) 117 (93.6)

Preoperative bevacizumab

Yes 420 33 (7.9) 387 (92.1) 0.743

No 197 14 (7.1) 183 (92.9)

Preoperative cetuximab/panitumumab

Yes 31 2 (6.5) 29 (93.5) 0.807

No 602 46 (7.6) 556 (92.4)

Extended liver resection

Yes 144 18 (12.5) 126 (87.5) 0.011

No 489 30 (6.1) 459 (93.9)

Left hepatectomy

Yes 43 7 (16.3) 36 (83.7) 0.023

No 586 40 (6.8) 546 (93.2)

Partial (including wedge) resection

Yes 461 28 (6.1) 433 (93.9) 0.019

No 172 20 (11.6) 152 (88.4)

Pathologic response, n (%)

Complete or major (0–49 % VTCs) 255 19 (7.5) 236 (92.5) 0.222

Minor (50–100 % VTCs) 175 19 (10.9) 156 (89.1)

Data are expressed as n (%) unless otherwise specified

SD standard deviation, CEA carcinoembryonic antigen level at resection of CLM, Preop preoperative, Chemo chemotherapy, VTC viable tumor cells
a Interval between resection of the primary colorectal cancer and diagnosis of CLM
b Patients treated with multiple chemotherapy regimens preoperatively excluded
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Width of the Resection Margin in Patients with RAS-

Mutant and RAS Wild-Type Colorectal Liver

Metastases

Among all patients, the median width of the resection

margin was similar between patients with RAS-mutant

CLM (5 mm, range 0–80) and patients with RAS wild-type

CLM (6 mm, range 0–90) [p = 0.131]. However, in the

group of patients with resection margins of 10 mm or less

(n = 448), the median width of the resection margin

was significantly smaller in patients with RAS-mutant

CLM: 3 mm (range 0–10) versus 4 mm (range 0–10)

[p = 0.045].

The mean follow-up time for the entire cohort was

26 months, during which 407 patients (64.3 %) developed

recurrence. Of the 407 patients with recurrence, 225

(55.3 %) developed liver-first recurrence (Fig. 2). Among

these patients with liver-first recurrence, the median width

of the resection margin at initial resection of CLM was

smaller in patients with RAS-mutant CLM than in patients

with RAS wild-type CLM: 4 mm (range 0–70) versus

7 mm (range 0–67) (p = 0.031). Among the same patients,

the mean diameter of the largest metastasis at initial

resection of CLM (RAS mutant, 28 mm; RAS wild-type,

30 mm; p = 0.476) and the mean number of metastases at

initial resection of CLM (RAS mutant, 2.6 mm; RAS wild-

type, 2.5 mm; p = 0.825) were similar between patients

with RAS-mutant and RAS wild-type CLM.

Impact of Resection Margin Status and RAS Mutation

Status on Overall Survival

Factors potentially associated with overall survival after

resection of CLM were analyzed (Table 3). Factors inde-

pendently associated with reduced overall survival in

multivariate analysis were a positive resection margin (HR

3.360, 95 % CI 1.741–6.485; p\ 0.001) and RAS mutation

(HR 1.629, 95 % CI 1.013–2.620; p = 0.044). Kaplan–

Meier plots of overall survival by RAS mutation status and

margin status are shown in Fig. 3.

DISCUSSION

Several studies have recently reported worse overall and

recurrence-free survival in patients with RAS mutation

after resection of CLM, independent of perioperative

chemotherapy or targeted therapy.16–18,31,32 In the current

study, the resections were performed without knowledge of

RAS status, and RAS mutations were associated with double

the positive margin rate (11.4 vs. 5.4 %), suggesting

CLM of Patients Who Later 
Presented With Liver-First Recur-
rence (n = 225)
     RAS Mutation (n = 86)
     RAS Wild-Type (n = 139)
     Mean Tumor Diameter
     Median Resection Margin

4 mm 7 mm

P = 0.476

P = 0.031

28 mm 30 mm

FIG. 2 Mean diameter of the largest tumor and median width of the

resection margin according to RAS mutation status in patients who

presented with liver-first recurrence (n = 225) after resection of

CLM. CLM colorectal liver metastases

TABLE 2 Logistic regression analyses of factors associated with a positive resection margin

Factor Univariate analyses Multivariate analysis

HR 95 % CI p Value HR 95 % CI p Value

Diameter of largest CLM C 30 mm 1.897 1.030–3.495 0.040

CEA C 4.5 ng/mL 2.283 1.256–4.150 0.007 2.060 1.090–3.893 0.026

RAS mutation 2.224 1.229–4.023 0.008 2.439 1.300–4.575 0.005

Extended resection 2.186 1.180–4.050 0.013

Left hepatectomy 2.654 1.111–6.341 0.028

Non-partial hepatectomy 2.035 1.114–3.718 0.021

HR hazard ratio, CI confidence interval, CLM colorectal liver metastases, CEA carcinoembryonic antigen
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FIG. 3 Kaplan–Meier plots of overall survival in all patients according to (a) RAS mutation status and (b) resection margin status, and in

patients with (c) negative resection margins and (d) positive resection margins stratified by RAS mutation status

TABLE 3 Cox regression analyses of factors associated with overall survival

Factor Univariate analyses Multivariate analysis

HR 95 % CI p Value HR 95 % CI p Value

Positive resection margin 2.423 1.414–4.153 0.001 3.360 1.741–6.485 \0.001

Positive lymph nodes in relation to primary cancer 1.539 1.053–2.247 0.026

Disease-free interval[12 months 1.293 0.891–1.877 0.176

Diameter of largest CLM C30 mm 1.564 1.106–2.214 0.012

CEA C4.5 ng/mL 1.288 0.919–1.804 0.141

RAS mutation 2.181 1.547–3.077 \0.001 1.629 1.013–2.620 0.044

Minor pathologic response (50–100 % VTCs) 1.728 1.095–2.727 0.019 1.562 0.973–2.506 0.065

HR hazard ratio, CI confidence interval, CLM colorectal liver metastases, CEA carcinoembryonic antigen, VTCs viable tumor cells
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phenotypic differences associated with the mutational sta-

tus of the tumor. In multivariate analysis, both RAS

mutation and a positive margin independently predicted

worse survival, confirming the importance of adequate

local surgical therapy for curative treatment of

CLM.14,15,33 To our knowledge, this is the first study

reporting an association of a higher positive margin rate

with a feature indicating worse tumor biology.

Two types of tumor growth have been described in

CLM: infiltrating growth pattern and pushing growth pat-

tern. Tumors with infiltrating growth have been associated

with worse survival and increased risk of liver recurrence

after resection of CLM.34–37 Mentha et al. further investi-

gated the halo surrounding CLM and described a dangerous

halo of viable tumor cells that infiltrated the surrounding

liver parenchyma. In contrast, the good halo had the

appearance of a physiological pseudocapsule where the

viable tumor cells were contained within a fibroinflam-

matory reaction and did not penetrate the surrounding liver

parenchyma.38 RAS mutations were not assessed in these

studies, but other studies have indicated an association

between RAS mutations and a more migratory and invasive

tumor biology.23–25 As such, the higher rate of positive

margins among patients with RAS-mutant CLM in the

current study may indicate that RAS mutations are associ-

ated with a more infiltrating and/or migratory tumor

phenotype.

Several studies have reported the presence of micro-

scopic tumor deposits separate from CLM, and

investigators have aimed to identify the optimal tumor-free

resection margin width to clear all viable tumor cells.

Kokudo et al. investigated the normal liver parenchyma

surrounding CLM, and demonstrated the presence of

KRAS-mutant tumor DNA outside the measured tumor

margin in patients with KRAS-mutant metastases.39 Simi-

larly, Holdhoff et al. reported detection of mutant tumor-

specific DNA 4 mm beyond the visible tumor margin.40

Wakai et al. identified micrometastases, defined as satel-

lites of tumor tissue undetectable on imaging and spatially

separated from the gross CLM by normal liver tissue, upon

histological analysis of the resected CLM specimens.41 In

the current study, the median tumor-free margin was 3 mm

narrower among patients with RAS-mutant CLM than

among patients with RAS wild-type CLM who later pre-

sented with liver recurrence. This finding indicates that the

optimal tumor-free margin width may be inappropriate to

investigate without considering differences in the under-

lying tumor biology. As such, for now the ideal tumor-free

margin width remains unknown, and further studies eval-

uating tumor growth pattern, micrometastases, and RAS

mutations are warranted.

We recently reported that a positive resection margin

did not worsen survival in patients with a major pathologic

response to preoperative chemotherapy;14 however, a

positive resection margin was significantly associated with

reduced survival in patients with suboptimal or poor

response to preoperative chemotherapy, who represented

the majority of patients.14 Mise et al. investigated RAS

mutations in the context of pathologic and radiologic

response and found a strong correlation between RAS

mutation rate and the proportion of viable tumor cells in

the specimen.19 In the current study, administration of

preoperative chemotherapy, the number of preoperative

chemotherapy cycles, and the administration of beva-

cizumab were not associated with a positive resection

margin, indicating that the association between RAS

mutation and a positive resection margin is independent

and unaffected by the association between RAS mutation

and response to preoperative chemotherapy.

The current study had the following limitations. First,

it does not provide data on margin recurrence. A previous

study showed a low but definite increase in margin

recurrence in patients with positive margins of resection

of CLM;5 however, given the low incidence of margin

recurrence reported in that study (3.8 %),5 an analysis of

margin recurrence in the current study would not have

had sufficient power to detect a difference, even if the

recurrence data had been available. Second, mutations in

KRAS codons 64 and 161 and NRAS mutations were not

part of the standard set of mutations analyzed at the

beginning of the study period, and some patients may

have been misclassified with respect to RAS mutation

status as a result; however, given the low rate of muta-

tions at these codons (\20 %),22,42,43 this would represent

\10 % of the patients in the current study. Furthermore,

if analysis of mutations in KRAS codons 64 and 161 and

NRAS had been performed in all patients, the difference

between patients with RAS-mutant and patients with RAS

wild-type CLM would most likely have been even greater

as the oncologic function of the different RAS mutations

is similar. Finally, as RAS mutation status has been linked

to pathologic and morphologic response to preoperative

chemotherapy, poor response in RAS mutants may

increase the chance of a positive resection margin.

However, studying different regimens and no preopera-

tive chemotherapy, we were not able to identify an

impact on the positive margin status rate, and the char-

acteristics of the RAS-mutated metastases were similar to

the RAS wild-type metastases.

The ideal width of the margin for RAS-mutant CLM

remains unknown. Therefore, in patients with RAS-mu-

tant CLM, we recommend the cautious approach

proposed by Are et al.8 of obtaining a 10-mm margin if

the margin is not limited by anatomical relationships,

even though narrower margins have been proposed by

other authors.39,40,44
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CONCLUSION

RASmutations are associated with a higher rate of positive

margins after resection of CLM. No specific recommenda-

tions can be made as to the optimal width of margins in the

subset of patients with RAS mutation, but future studies

regarding tumor growth pattern, micrometastases, and local

recurrence may contribute to optimization of local therapy

for such patients. However, in the meantime, we recommend

careful intraoperative assessment of the resection margins in

patients with known RAS mutations with the goal of

achieving a 1-cm margin unless the margin is limited by

anatomical relationships. Inversely, these findings support

the use of aggressive surgery with margins smaller than 1 cm

in patients with RAS wild-type tumors.
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