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RAS Mutation Is Associated with Decreased Survival in Patients
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Abstract
Background The relationship between RAS mutation status and outcome for patients undergoing repeat hepatectomy (RH) for
recurrent colorectal liver metastases (CLM) has not been defined.
Objective The objective of this study was to evaluate the relationship between RAS mutation status and outcome in patients
undergoing RH for CLM.
Methods All patients who underwent RH for CLMwith known RASmutation status between January 2005 and November 2014
were identified, and the outcomes of patients with and without RAS mutations were compared.
Results Ninety-eight patients underwent RH, of whom 34 (35 %) harbored a RAS mutation. Wild-type (WT) and mutant RAS
groups had similar clinicopathologic characteristics.Median recurrence-free survival (RFS) for patients withWTandmutant RAS
was 12.2 and 6.1 months, respectively (p = 0.03). Median overall survival (OS) for the WT and mutant RAS patients were 42.5
and 26.6 months, respectively (p < 0.01). On multivariate analysis, RAS mutations [hazard ratio (HR) = 1.69, p = 0.04] were
associated with worse RFS, while multiple tumors (HR = 1.92, p = 0.045) and RAS mutations (HR = 2.11, p = 0.02) predicted
worse OS.
Conclusion Patients with recurrent CLM that harbor RAS mutations have worse RFS and OS than patients with WT RAS, and
RASmutations are independently associated with worse RFS and OS. RASmutation status should be determined prior to RH, as it
may impact treatment decisions.

Keywords RASmutation . Colorectal livermetastases .

Repeat hepatectomy . Survival

Introduction

The RAS family of proteins is involved in cell signaling and
regulation of cell division and proliferation.1

,2 KRAS muta-
tions occur frequently in colorectal cancer and other types of
cancer and have long been implicated in carcinogenesis.1

,2

More recently, there has been a resurgence of interest in RAS
mutations with the advent of targeted therapies.3 Van Cutsem
et al. published a randomized trial in patients with metastatic
epidermal growth factor receptor (EGFR)-positive colorectal
cancer in which patients received FOLFIRI alone or in com-
bination with cetuximab.3 The addition of cetuximab reduced
the risk of disease progression, but this risk reduction was
limited to patients with wild-type (WT) KRAS tumors. Over
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the next several years, it became apparent that RAS mutations
were a marker of tumor biology and had potential prognostic
value.4

–8 Several series have evaluated patients with colorectal
liver metastases (CLM) and have found that RAS mutations
are associated with worse survival,4

,9 higher rates of lung
recurrence,4

,10 poor radiologic and pathologic responses to
chemotherapy,5 and higher rates of margin positive
resections.6 A recent meta-analysis found that KRAS muta-
tions were negatively associated with recurrence-free survival
(RFS) and overall survival (OS).11 The preponderance of ev-
idence suggests that RAS mutation status in CLM has prog-
nostic significance and may help guide therapy.

Hepatectomy is well accepted as the best treatment for
CLM and effectively prolongs survival.12

,13 Despite good
long-term survival,12

,13 most patients develop recurrence after
hepatectomy for CLM.14

,15 Several studies have demonstrated
the safety and efficacy of repeat hepatectomy (RH) in selected
patients.15

–18 Despite 5-year survival rates up to 73 %

following RH,16 recurrence rates remain high with median
RFS of 7 months.16 Andreou et al. reported that a positive
surgical margin at RH was associated with worse RFS.16 In
summary, although long-term survival can be achieved fol-
lowing RH, recurrence following RH develops early and of-
ten. Hepatobiliary surgeons and their multidisciplinary part-
ners are in need of molecular and other biomarkers that will

Table 1 Tissue site used for RAS mutational analysis

Total WT RAS Mutant RAS p value
n = 98 n = 64 n = 34

Tumor site, N (%) .264

Primary only 27 (28) 21 (33) 6 (18)

Metastatic only 57 (58) 34 (53) 23 (68)

Both 14 (14) 9 (14) 5 (15)

Table 2 Clinicopathologic
characteristics of patients
undergoing repeat hepatectomy
for recurrent CLM with known
RAS mutation status

Characteristics Total WT RAS Mutant RAS p value
n = 98 n = 64 n = 34

Patient demographics, N (%)

Age, median (range) 57 (29–80) 57 (32–76) 57 (29–80) .40

Male sex 63 (64) 44 (69) 19 (56) .21

Tumor characteristics, N (%)

Primary tumor

Rectal 24 (24) 18 (28) 6 (18) .25

Lymph node metastases 73 (74) 45 (70) 28 (82) .19

Disease-free interval, months 14.7 (1.6–53) 15.3 (1.6–53) 13.1 (3.4–44) .09

(range)

CLM

No. of CLM 1 (1-8) 1 (1-8) 1 (1-3) .65

Solitary 66 (67) 43 (67) 23 (68) .96

Size of largest CLM (cm) 1.8 (0.6-12) 1.8 (0.6-12) 1.9 (0.6-11) .93

Treatment variables, N (%)

Chemotherapy 91 (93) 59 (92) 32 (94) .72

Cycles, >6 32 (33) 22 (34) 10 (29) .70

Lines, ≥2 4 (4) 3 (5) 1 (3) .66

Oxaliplatin 41 (45) 23 (39) 18 (56) .11

Irinotecan 48 (53) 15 (47) 33 (56) .41

Bevacizumab 47 (52) 30 (51) 17 (73) .84

Cetuximab 14 (15) 11 (19) 3 (9) .24

Surgery

Major resection 22 (22) 16 (25) 6 (18) .41

Ablation 11 (11) 8 (13) 3 (9) .58

EBL, ml, median (range) 212 (40-1500) 238 (40-1500) 200 (50-1500) .64

Pathologic variables, N (%)

Positive margin 12 (12) 7 (11) 5 (15) .59

Major pathologic response 30 (33) 20 (34) 10 (31) .18

CLM colorectal liver metastasis, EBL estimated blood loss
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aid in treatment decision making for patients with recurrent
metastatic disease.

To date, the relationship between RAS mutation status and
RH for CLM has not been defined. The present study sought
to evaluate the relationship of RAS mutation status in patients
undergoing RH for recurrent CLM and hypothesized that RAS
mutation status may help predict which patients would derive
the most benefit from RH.

Materials and Methods

Study Population

The Institutional Review Board of the University of Texas
MD Anderson Cancer Center approved this study of patients
undergoing repeat hepatectomy for CLM. The institutional
liver surgery database was used to identify all patients who
underwent hepatectomy for CLM with known RAS mutation
status between January 2005 and November 2014. Next, we
identified patients who underwent repeat hepatectomy

following recurrence of CLM. Two-stage hepatectomies were
considered as one procedure.

Disease Treatment

Computed tomography (CT) of the chest, abdomen, and pel-
vis with a triphasic liver protocol was used in all patients to
assess resectability and extrahepatic disease. After diagnosis
of recurrent disease, preoperative oxaliplatin or irinotecan-
based chemotherapy was administered to the majority of pa-
tients. Parenchymal transection was performed using a two-
surgeon technique with the cavitron ultrasonic surgical aspi-
rator (Valleylab, Boulder, CO, USA) and saline-linked cautery
(Dissecting Sealer DS 3.0; TissueLink Medical, Inc., Dover,
NH, USA) under hepatic inflow and/or outflow occlusion.19

Following repeat hepatectomy, patients received postopera-
tive chemotherapy and returned every 3–4 months for fol-
low-up, which included surveillance CT scans to assess for
recurrence. When recurrence was identified, therapy was at
the discretion of the treatment team.
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Fig. 1 a Recurrence patterns
following repeat hepatectomy for
recurrent CLM. Percentage of
wild-type and mutant RAS recur-
rences in the liver (62 vs. 50 %,
p = 0.32), lung (21 vs. 39 %, p =
0.09), lymph nodes (17 vs. 14 %,
p = 0.76), and peritoneum (9 vs.
11 %, p = 0.75). b Treatment of
recurrent disease following repeat
hepatectomy for recurrent CLM.
Percentage of wild-type and mu-
tant RAS patients who received an
additional resection (30 vs. 21 %,
p = 0.43), ablation (17 vs. 11 %,
p = 0.46), or chemotherapy (53
vs. 68 %, p = 0.21)
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Histological Evaluation and RAS Mutation Analysis

All surgical specimens underwent histologic evaluation by the
pathology department, and the presence of CLM was con-
firmed, the surgical margins were assessed, and the percentage
of viable tumor cells was recorded. A positive margin was
defined as viable tumor cells <1 mm from the margin.20 A
major pathologic response to preoperative chemotherapy was
defined as ≤49 % viable tumor cells.21 DNA from the primary
tumor or CLM was used to determine RAS mutation status as
previously described.4

,6 We screened for mutations in KRAS
codons 12 and 13 in all patients and for mutations in KRAS
codons 61 and 146 and NRAS codons 12, 13, and 61 in the
majority of patients treated since 2012.6

,22 The lower limit of
detection of the assay was approximately one mutant allele in

the background of nine wild-type alleles.6 Mutations in KRAS
and NRAS codons were collectively reported as RAS
mutations.

Statistics

Clinicopathologic variables for patients undergoing first re-
peat hepatectomy for CLM with WT and mutant RAS
tumors were compared. Quantitative and qualitative variables
were expressed as frequency and median (range).
Comparisons between groups were analyzed with chi-square
or Fischer’s exact test for categorical data and the Mann-
Whitney test for continuous data. RFS and OSwere calculated
using the Kaplan-Meier method from the date of repeat hepa-
tectomy until the date or recurrence and last follow-up, respec-
tively, and compared using the log-rank test. Univariate anal-
ysis was performed to evaluate potential variables associated
with RFS and OS. Potential variables included gender, age,
primary tumor location (colon vs. rectum), primary tumor
lymph node status, number of CLM, size of largest CLM,
carcinoembryonic antigen (CEA) level, preoperative chemo-
therapy (cycles, lines, and agents), types of hepatectomy [ma-
jor (≥3 Couinaud’s segments) vs. minor], estimated blood loss
(EBL), radiofrequency ablation (RFA), margin status of repeat
hepatectomy (R0 vs. R1), and RAS mutational status (mutant
vs. wild-type). All variables associated with RFS or OS on
univariate analysis with p value <0.10 were included in a
multivariate cox proportional hazard model. p Value <0.05
was considered statistically significant. All statistical analysis
was performed using SPSS version 17.2 (SPSS Inc., Chicago,
IL, USA).

Results

Patient Characteristics

During the study period, 922 patients with known RAS muta-
tion status underwent curative-intent hepatectomy. Ninety-
eight of these were first repeat hepatectomies—64 patients
had wild-type RAS tumors and 34 (35 %) had tumors with a
mutant RAS. For the majority of patients, RAS mutational
analysis was performed on a metastatic tumor (Table 1). Of
note, 14 patients had RAS mutational analysis performed on a
primary tumor and a metastatic site. The mutational status
from the primary and metastatic site was concordant in all
14 of these cases. KRAS mutations (n = 32) predominated
and two patients were found to have NRAS mutations. KRAS
mutations were identified in exon 12 (n = 22), exon 13 (n = 8),
and exon 61 (n = 2).

Clinicopathologic variables were similar between WT and
mutant RAS groups (Table 2). Two thirds of patients had a
solitary CLM prior to repeat hepatectomy. One third of

Fig. 2 a Recurrence-free survival following repeat hepatectomy for
recurrent CLM.Median recurrence-free survival for wild-type andmutant
RAS patients was 12.2 and 6.1 months, respectively. b Overall
survival following repeat hepatectomy for recurrent CLM. Median
overall survival for wild-type and mutant RAS patients was 42.5 and
26.6 months, respectively
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Table 3 Univariate and
multivariate analysis of
recurrence-free survival (RFS)

RFS (%)a

N 1 year 3 years Univariate Pb Hazard ratio Multivariate Pc

All patients 98 45 20 – – –

Background characteristics

Sex

Male 63 48 21 0.341 – –

Female 35 40 18

Age at hepatectomy, years

≥60 38 44 25 0.160 – –

<60 60 46 18

Primary tumor

Primary tumor location

Rectum 24 46 25 0.899 – –

Colon 74 45 18

Lymph node metastasis

Yes 73 46 19 0.277 – –

No 25 44 25

Liver metastasis

Preoperative chemotherapy

Yes 91 60 25 0.359 – –

No 7 83 21

Preoperative chemotherapy (cycles)

≤6 73 44 19 0.942 – –

>6 25 47 22

Fluorouracil-based chemotherapy regimen

Oxaliplatin

Yes 41 41 15 0.706 – –

No 57 47 23

Irinotecan

Yes 48 43 22 0.912 – –

No 50 47 17

Use of bevacizumab

Yes 47 46 23 0.489 – –

No 51 45 18

Use of anti-EGFR

Yes 14 50 29 0.739 – –

No 84 44 18

CEA (ng/mL)

≥5 43 42 23 0.675 – –

<5 55 48 19

Number of tumorsd

Multiple 32 35 11 0.042 1.47 (0.90–2.37) 0.124

Solitary 66 50 24

Maximum size of tumor, cmd

≥3 23 26 7 0.015 1.65 (0.93–2.82) 0.085

<3 75 50 24

Residual tumor

R1 12 22 0 0.191 – –

R0 86 48 22

Estimated blood loss, mld
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patients received >6 cycles of chemotherapy prior to repeat
hepatectomy. A major hepatectomy was performed in 22% of
patients, and 11 % of patients had an RFA. On pathologic
evaluation, 12 patients were found to have a positive margin.
There were no major differences between the WT and mutant
RAS groups with regards to demographics, tumor characteris-
tics, treatments, or pathologic features.

Recurrence

At a median follow-up of 35 months, 75 (77 %) patients had
developed a recurrence. The two most common sites of dis-
ease recurrence were the liver and lungs. Liver recurrence was
seen in 62 and 50 % of WT and mutant RAS patients, respec-
tively, while lung recurrence was seen in 21 and 39 %, respec-
tively (Fig. 1a). Recurrent disease was treated with local ther-
apy in 31 (41 %) patients—47 % of WT and 32 % of mutant
RAS patients (Fig. 1b). The differences in recurrence patterns
and treatment of recurrent disease were not significantly dif-
ferent between the two groups.

Survival

The median RFS and OS for the entire cohort were 7.8 and
34.6 months, respectively. Patients with mutant RAS had a

median RFS of 6.1 months, compared to 12.2 months for
those with WT RAS (p = 0.03) (Fig. 2a). The median overall
survival was 26.6 versus 42.5 months for mutant and wild-
type RAS, respectively (p = 0.005) (Fig. 2b).

Univariate and Multivariate Analyses

Patient, tumor, treatment, and pathologic variables were incor-
porated into a multivariate analysis to determine which factors
impacted RFS and OS. On univariate analysis, multiple tu-
mors, tumor size >3 cm, EBL >750 ml, and RAS mutation
status were associated with RFS, but only RASmutation status
[HR = 1.69 (1.03–2.72), p = 0.04] was associatedwith RFS on
multivariate analysis (Table 3). Gender, multiple tumors, ma-
jor hepatectomy, and RAS mutation status were associated
with OS on univariate analysis, but only multiple tumors
[HR = 1.92 (1.02–3.54), p = 0.045] and RAS mutation status
[HR = 2.11 (1.11–3.98), p = 0.02] were associated with OS
(Table 4).

Discussion

The present study is the first to investigate the relationship of
RAS mutation status and outcomes following repeat

Table 3 (continued)
RFS (%)a

N 1 year 3 years Univariate Pb Hazard ratio Multivariate Pc

>750 9 22 0 0.052 1.43 (0.63–2.91) 0.371

≤750 89 47 23

Surgical procedure

Major resection 22 62 16 0.818 – –

Minor resection 76 40 22

Concomitant RFA

Yes 11 64 21 0.315 – –

No 87 43 20

RAS mutation statusd

Mutant 34 26 12 0.028 1.69 (1.03–2.72) 0.037

Wild-type 64 54 24

Extrahepatic disease

Yes 9 44 11 0.444 – –

No 89 45 21

Values in parentheses represent 95 % confidence intervals.

EGFR epidermal growth factor receptor, CEA carcinoembryonic antigen, CLM colorectal liver metastases, RFA
radiofrequency ablation
a Kaplan-Meier analysis
b Log rank test
c Cox regression model
d Variables entered into the Cox regression model

J Gastrointest Surg (2017) 21:68–77 73



Table 4 Univariate and
multivariate analysis of overall
survival (OS)

OS (%)a

Number 3 years 5 years Univariate Pb Hazard ratio Multivariate Pc

All patients 98 69 44 – – –

Background characteristics

Sexd

Female 35 60 31 0.091 1.35 (0.72–2.51) 0.351

Male 63 74 52

Age at hepatectomy, years

≥60 38 68 50 0.523 – –

<60 60 69 39

Primary tumor

Primary tumor location

Rectum 24 76 40 0.380 – –

Colon 74 66 45

Lymph node metastasis

Yes 73 67 44 0.898 – –

No 25 72 44

Liver metastasis

Preoperative chemotherapy

Yes 91 67 41 0.181 – –

No 7 83 67

Preoperative chemotherapy (cycles)

≤6 73 66 48 0.685 – –

>6 25 76 35

Fluorouracil-based chemotherapy regimen

Oxaliplatin

Yes 41 64 38 0.723 – –

No 57 71 46

Irinotecan

Yes 48 68 42 0.702 – –

No 50 69 46

Use of Bevacizumab

Yes 47 68 44 0.728 – –

No 51 70 44

Use of anti-EGFR

Yes 14 71 46 0.774 – –

No 84 69 44

CEA (ng/mL)

≥5 43 72 44 0.321 – –

<5 55 66 44

Number of tumorsd

Multiple 32 59 33 0.073 1.92 (1.02–3.54) 0.045

Solitary 66 73 50

Maximum size of tumor, cm

≥3 23 49 33 0.347 – –

<3 75 74 47

Residual tumor

R1 12 28 28 0.286 – –

R0 86 74 46

Estimated blood loss, ml
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hepatectomy for recurrent CLM. Thirty-four (35 %) of 98
patients undergoing RH were found to have mutant RAS tu-
mors—32 KRAS mutations and 2 NRAS mutations. Brudvik
et al. reported a RAS mutation rate of 36 % in patients under-
going hepatectomy for CLM.6 Another recent study reported a
KRAS mutation rate of 39.5 % in CLM.23 In CLM, the most
commonly identified RAS mutation is KRAS, which compro-
mises about 80 % of identified mutations with the remaining
being mutations in NRAS.4

,5 In this cohort, KRAS mutations
were most frequently identified exons 12 and 13 (69 and
25 %, respectively). The incidence and specific type of RAS
mutations found in the present RH study is similar to the larger
population of patients who undergo hepatectomy for CLM.

It is well established that recurrence after hepatectomy for
CLM remains high; up to 73 % of patients will develop
recurrence.14

,15 In the current study, at a median follow-up
of 35months following RH, 75 (77%) patients had developed
recurrence. Andreou et al. reported a recurrence rate of 70 %
after a median follow-up of 33months after RH for CLM.16 In
the current study, recurrence in the liver and lung were the
most common at 57 and 28 %, respectively. Of note, lung
recurrence was seen in 21 % of patients with WT tumors
compared to 39 % in those with mutant RAS tumors (p = 0.09).
Previous studies demonstrate that the lung recurrence following
hepatectomy for CLM is more commonly seen in patient
with RAS mutations.4

,10 Although the current study did not

find a statistically significant difference, this is likely due to
sample size, and this may represent a clinically significant
difference in concordance with other studies.

In the current study, about 40 % of the patients who devel-
oped recurrence following RH were able to undergo local
therapy (resection 27 % and ablation 15 %). It would stand
to reason that patients with mutant RAS tumors would be less
likely to undergo local therapy, if they have the same rate of
liver recurrence and a higher rate of lung recurrence following
RH, but this was not seen in the current study; local therapy
was utilized in 47 and 32 % of WT and mutant RAS patients,
respectively. Recurrence following RH for CLM is common;
however, patients with RASmutant tumors may have a higher
risk of lung recurrence, and when they do recur, they appear
less likely to be candidates for aggressive therapy.

Recurrence-free survival following RH for CLM remains
poor. Andreou et al. previously reported a median
progression-free survival of 7 months in patients undergoing
repeat hepatectomy for CLM, after excluding patients treated
with ablation.16 Herein, we report a median RFS of 7.8 for the
entire cohort of patients following RH for CLM. Fortunately,
as discussed above, many of these early recurrences have
treatment options. Andreou et al. reported a positive surgical
margin at RH as predictor of worse PFS.16 In the current study,
a positive surgical margin occurred in 12 % of the patients
undergoing RH, but was not associated with RFS. RAS

Table 4 (continued)
OS (%)a

Number 3 years 5 years Univariate Pb Hazard ratio Multivariate Pc

>750 9 50 17 0.411 – –

≤750 89 71 48

Surgical procedured

Major resection 76 65 35 0.050 1.87 (0.87–4.65) 0.113

Minor resection 22 80 74

Concomitant RFA

Yes 11 67 53 0.554 – –

No 87 69 43

RAS mutation statusd

Mutant 34 47 26 0.005 2.11 (1.11–3.98) 0.024

Wild-type 64 78 52

Extrahepatic disease

Yes 9 60 45 0.691 – –

No 89 70 44

Values in parentheses represent 95 % confidence intervals

EGFR epidermal growth factor receptor, CEA carcinoembryonic antigen, CLM colorectal liver metastases, RFA
radiofrequency ablation
a Kaplan-Meier analysis
b Log rank test
c Cox regression model
d Variables entered into the Cox regression model
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mutation status (HR = 1.69, p = 0.037) was the only predictor
of RFS, and the median RFS for WTand mutant RAS patients
were 12.2 and 6.1 months, respectively (p = 0.028). These
data indicate that RAS mutations are a predictor of poor RFS.

Despite high recurrence rates, overall survivals following
RH for CLM have remained comparable to first resection
patients.16

,18 This undoubtedly reflects appropriate selection
of patients with favorable tumor biology for RH.24 Luo et al.
conducted a systematic review and meta-analysis to determine
predictors of survival following RH for CLM.24 They found
six predictors of survival following RH: disease-free interval
>1 year, solitary CLM, unilobar CLM, size ≤5 cm, lack of
extrahepatic disease, and R0 resection.24 These reported pre-
dictors of survival are similar to the numerous scoring systems
and predictive models that have been previously published for
first hepatectomies.25

–27 A comparable set of factors was eval-
uated in the current study following RH, but only multiple
tumors (HR = 1.92, p = 0.045) and mutant RAS (HR = 2.11,
p = 0.005) were found to be associated with worse OS.
Furthermore, the OS for patients with wild-type and mutant
RAS was 42.5 and 26.6 months, respectively (p = 0.005).
These data strongly suggest that RAS mutation status needs
to be incorporated into historical prognostic models as it is a
powerful predictor of OS.

The retrospective design of this study is a potential limita-
tion. Only patients with known RAS mutation status were
included in the study, and the decision of whether or not to
perform a RASmutational analysis was up to the discretion of
the treatment team. This having been said, the denominator
cohort of patients with genetic evaluation was large, and the
outcomes are well tracked with a long median follow-up in-
terval. Another area of challenge in the study of RAS muta-
tions is the tissue source, be it primary tumor, previous meta-
static tissue, or the current metastatic tissue under treatment.
Importantly, on the 14 patients with both primary and metas-
tasis tissue assessed, there was RAS mutation concordance in
100 %. Lastly, RAS mutation testing has rapidly evolved and
will continue to progress. Over the first many years of this
study, only KRAS exons 12 and 13 were analyzed, so it is
possible that some patients were classified as WT RAS and
actually possessed amutation in an exon that was undetectable
at that time. However, correction of any potential misclassifi-
cations of this type would be likely to identify even larger
difference in outcomes betweenWTand mutant RAS patients.

Conclusion

In general, patients with CLM that harbor RASmutations have
worse RFS and OS than patients with WT RAS. This study
demonstrates that in the specific population of patients with
recurrent liver CLM, RAS mutational status has prognostic
value, with RAS mutations independently associated with

worse RFS and OS. Thus, RAS mutation status should be
determined prior to RH, as it may impact treatment decisions.
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