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Original Article

Backgrounds/Aims: It is generally accepted that non-anatomical resection (NAR) in colorectal liver metastasis (CRLM) has com-
parable safety and efficacy compared to anatomical resection (AR); however, there are reports that AR may have better outcomes in 
KRAS mutated CRLM. This study aimed to determine the effects of KRAS mutations and surgical techniques on survival outcomes in 
CRLM patients.
Methods: Two hundred fifty patients who underwent hepatic resection of CRLM with known KRAS mutational status between 2007 
and 2018 were analyzed. A total of 94 KRAS mutated CRLM and 156 KRAS wild-type CRLM were subdivided by surgical approach 
and compared for short- and long-term outcomes. 
Results: In both KRAS wild-type and mutated type, there was no difference in estimated blood loss, postoperative complications, and 
30-day mortality. There was no difference in disease-free survival (DFS) between AR and NAR in both groups (p = 0.326, p = 0.954, re-
spectively). Finally, there was no difference in intrahepatic DFS between AR and NAR groups in both the KRAS groups (p = 0.165, p = 0.516, 
respectively). 
Conclusions: The presence of KRAS mutation may not be a significant factor when deciding the approach in simultaneous resection 
of CRLM. 
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INTRODUCTION

Colorectal liver metastases (CRLM) are a leading cause of 
cancer associated morbidity and mortality. Despite the onco-
logical and surgical advances made, only about 25% of patients 
present with tumors that are amenable to surgical resection, 
which is regarded as the only way to achieve lasting cure [1]. 

To date, numerous biological markers such as RAS, BRAF, PIK-

3CA, TP53, SMAD4, and others have been reported to be associat-
ed with tumor aggressiveness and subsequent oncologic outcomes 
in patients with CRLM [2]. KRAS and NRAS mutations in partic-
ular, which are commonly screened for in clinical practice, have 
been associated with resistance to anti-EGFR (epidermal growth 
factor receptor) therapy and worse overall outcomes. Therefore, 
they are used as prognostic markers for predicting patterns of 
recurrence in patients with CRLM [3,4]. Besides these, RAS mu-
tation has been associated with a trend toward positive surgical 
margins when performing resections for CRLM. Furthermore, 
unlike wild-type KRAS, RAS mutation has no survival benefit 
even with clear margins of 1 cm or more [5,6].

The potential oncological benefits of anatomical resection 
(AR) for CRLM have been in discussion for a long time; how-
ever, its benefits are not standardized when compared to AR 
for hepatocellular carcinoma [7,8]. Most reports found no 
difference in long-term oncologic outcomes in relation to the 
type of liver resection while others have stated that extensive 
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liver resection may provide better outcomes when compared to 
non-anatomical resection (NAR) [7,9-13]. One report showed 
oncologic benefits when extensive anatomical hepatectomies 
were performed in KRAS mutation positive CRLM patients, 
and the authors suggested that such procedures may be nec-
essary due to the generally observed highly aggressive tumors 
in such patients [13]. Currently, there is no standardized treat-
ment strategy for synchronous CRLM, cases are best treated by 
multidisciplinary treatment teams including surgeons, medical 
oncologists, radiation oncologists, and radiologists. [14,15]. 

According to a recent RCT study, it is acceptable for patients pre-
senting with colorectal cancer and synchronous resectable liver me-
tastases to undergo simultaneous resection [16]. This study aimed 
to determine the effects of KRAS mutations and surgical techniques 
on long-term outcomes in synchronous CRLM patients.

MATERIALS AND METHODS

Study population and patient selection
Between September 2007 and December 2018, a total of 496 pa-

tients diagnosed with synchronous CRLM treated by curative resec-
tion at the Severance Hospital in Seoul, Korea, and available data on 
KRAS mutation status were identified. Patients undergoing only an 
ablative procedure without concurrent hepatic resection and those 
who underwent mixed AR and NAR were excluded from the final 
analysis. Patients with extrahepatic metastasis who underwent a 
staged operation, and those with an incomplete macroscopic resec-
tion (R2 resection) were also excluded from the study. This resulted 
in a final cohort of 250 patients meeting the criteria for analysis 
(Fig. 1). This study was approved by the Institutional Review Board 
of Yonsei University College of Medicine (registered on June 23rd, 

2020, with registration number 2020-1392-001).
The extent and type of liver resection were mainly determined 

by the possibility of removing all tumors with a negative margin 
and leaving enough remnant volume for postoperative recovery. In 
addition, when the tumor was located in the deep liver parenchyma, 
AR was preferred only in case that enough remnant volume was 
guaranteed. AR was defined as resection of two or more complete 
segments as described by Couinaud, including sectionectomy, right 
hepatectomy, left hepatectomy, extended left hepatectomy, extended 
right hepatectomy or a combination of these according to previous 
studies (Table 1) [17,18]. When the tumor was located in the superfi-
cial liver parenchyma, NAR (wedge resection), defined as removing 
the tumor without regard to hepatic anatomy, was performed [13]. 
In addition, multiple tumors were removed by parenchymal pre-
serving hepatectomy or multiple wedge resections in cases that not 
having enough remnant volume. 

Detailed information including age, sex, site of primary colorec-
tal cancer, primary tumor staging, and lymph node status were 
obtained. Data concerning preoperative factors were collected as 
well. Liver metastases were defined as synchronous when diag-
nosed before or at the time of colorectal resection. Tumor size was 

CRC with synchronous liver
metastasis (n = 496)

Resectable CRC with synchronous
liver metastasis (n = 344)

Exclusion
Extrahepatic metastasis other
than liver
Impossible to macroscopic
resection
Staged operation
Solitary ablation
Missing data (KRAS etc..)

KRAS mutation (n = 117) KRAS wild (n=227)

Exclusion
Mixed with AR and NAR (n = 23)

Exclusion
Mixed with AR and NAR (n = 71)

Anatomical resection
(n = 28)

Non-anatomical resection
(n = 66)

Anatomical resection
(n = 51)

Non-anatomical resection
(n = 105)

Fig. 1. Study flow diagram. CRC, colorectal cancer; AR, anatomical resection; NAR, non-anatomical resection.

Table 1. The extent and type of liver resection

Anatomical resection Non-anatomical resection 

Sectionectomy (bisegmentectomy) Segmentectomy
Right hepatectomy Wedge resection
Left heptectomy
Extended right hepatectomy
Extended left hepatectomy
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Table 2. Clinical and pathological characteristics according to KRAS mutational status

Characteristic Total (n = 250)

KRAS wild-type (n = 156) KRAS mutated (n = 94)

Anatomical  
(n = 51)

Non-
anatomical  

(n = 105)
p-value

Anatomical  
(n = 28)

Non-
anatomical  

(n = 66)
p-value

Patient demographics
   Age (yr) 58.59 ± 10.65 57.08 ± 10.93 59.30 ± 10.73 0.231 55.39 ± 9.73 59.98 ± 10.48 0.050
   Male 170 (68.00) 34 (66.67) 75 (71.43) 0.800 21 (75.00) 40 (60.61) 0.239
Primary tumor characteristics
   Rectal primary tumor 82 (39.23) 16 (31.37) 35 (33.33) 0.908 6 (21.43) 25 (37.88) 0.350
   Primary tumor location > 0.999 0.631
      Left 45 (18.00) 6 (11.76) 12 (11.43) 7 (25.00) 20 (30.30)
      Right 205 (82.00) 45 (88.24) 93 (88.57) 21 (75.00) 46 (69.70)
   T stage > 0.999 > 0.999
      T1 or T2 stage 22 (8.80) 4 (7.84) 10 (9.52) 2 (7.14) 6 (9.09)
      T3 or T4 stage 228 (91.20) 47 (92.16) 95 (90.48) 26 (92.86) 60 (90.91)
   Node-positive  
      primary tumor 

166 (70.04) 34 (73.91) 74 (72.55) > 0.999 18 (66.67) 40 (64.52) > 0.999

Preoperative factors
   Preoperative chemotherapy 140 (56.00) 32 (62.75) 61 (58.10) 0.606 14 (50.00) 33 (50.00) > 0.999
   Initial CEA (ng/mL) 165.28 ± 1283.07 535.44 ± 2,803.80 76.87 ± 175.42 0.249 99.58 ± 206.91 44.94 ± 77.52 0.193
   Preoperative CEA (ng/mL) 120.35 ± 1274.65 454.80 ± 2,797.06 20.14 ± 51.95 0.272 48.49 ± 75.23 49.66 ± 197.03 0.976
   ASA class 0.509 0.268
      I 88 (35.20) 20 (39.22) 35 (33.33) 11 (39.29) 22 (33.33)
      II 112 (44.80) 25 (49.02) 50 (47.62) 13 (46.43) 24 (36.36)
      III 50 (20.00) 6 (11.76) 20 (19.05) 4 (14.29) 20 (30.30)
      IV 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
CRLM characteristics
   Number of CRLM 2.85 ± 3.00 2.94 ± 2.49 3.26 ± 3.81 0.591 2.61 ± 1.87 2.23 ± 2.10 0.410
   Size of largest CRLM (cm) 2.37 ± 1.80 3.57 ± 2.52 1.94 ± 1.26 < 0.01 3.47 ± 1.95 1.69 ± 0.98 < 0.01
   Bilateral disease 76 (30.40) 11 (21.57) 43 (40.95) 0.020 5 (17.86) 17 (25.76) 0.443
Details of surgical procedure
   Resection plus ablation 27 (10.80) 0 (0.00) 17 (16.19) 0.014 0 (0.00) 10 (15.15) 0.030
   Major hepatectomy 61 (24.40) 38 (74.51) 0 (0.00) < 0.01 20 (71.43) 0 (0.00) < 0.01
Regimen of adjuvant CTx 0.245 0.680
   None 18 (7.20) 3 (5.88) 6 (5.71) 1 (3.57) 8 (12.12)
   FOLFOX 147 (58.80) 26 (50.98) 61 (58.10) 19 (67.86) 41 (62.12)
   FOLFIRI 80 (32.00) 20 (39.22) 38 (36.19) 7 (25.00) 15 (22.73)
   Other 5 (2.00) 2 (3.92) 0 (0.00) 1 (3.57) 2 (3.03)
Recurrence
   Rate of recurrence 173 (69.20) 32 (62.75) 72 (68.57) 0.587 21 (75.00) 48 (72.73) > 0.999
   Site of recurrence 0.106 0.774
      Intrahepatic 75 (30.00) 11 (21.57) 42 (40.00) 5 (17.86) 17 (25.76)
      Extrahepatic 75 (30.00) 18 (35.29) 23 (21.90) 12 (42.86) 22 (33.33)
      Combined 23 (9.20) 3 (5.88) 7 (6.67) 4 (14.29) 9 (13.64)
R status for liver resection 0.597 0.552
   R0 resections 49 (96.1) 103 (98.1) 28 (100.00) 63 (95.5)
   R1 resections 2 (3.9) 2 (1.9) 0 (0.00) 3 (4.5)

Values are presented as mean ± standard deviation or number (%).
CEA, carcinoembryonic antigen; ASA class, American Society of Anaesthesiologists classification; CRLM, colorectal liver metastasis; CTx, chemotherapy.
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defined as the maximum diameter of the tumor in the resected 
specimen with the largest lesion used for reference in patients with 
multiple tumors. Detailed information is presented in Table 2.

Operative procedures
The surgical approach (open, laparoscopy, and robotic) was 

determined by considering the case complexity in both colorectal 
surgery and liver surgery. This resulted in 336 patients (67.7%) un-
dergoing conventional open surgery, 92 (18.5%) undergoing lapa-
roscopic colorectal resection and open hepatectomy, and 67 (13.5%) 
undergoing minimally invasive colorectal and liver resection.

Minimally invasive liver resection procedure started in 2006. 
Case selection was dependent on tumor size of < 5 cm and no 
major vascular or other organ involvement as well as a favorable 
tumor location (segment 2, 3, 4, 5, and 6) and achievable R0 re-
section. As we gained experience, indications were expanded to 
include even unfavorable tumor locations (segments 1, 7, and 8). 
For robotic surgery, only patients requiring major liver resection 
were selected. Patients who did not agree to the robotic approach 
were offered simultaneous laparoscopic colorectal and open liver 
resection, or open colorectal and liver resection, as deemed appro-
priate. Surgical technique for robotic surgery adhered to those in 
previously published literature [19,20]. All surgical options were 
explained to each patient when obtaining informed consent. 

Liver resection was mostly performed after colorectal sur-
gery. AR was performed with individual ligation and resection 
of inflow vessels through hilar access and glissonean approach 
following the ischemic demarcation line. An intraoperative 
ultrasound facilitated the identification of resection margins in 
cases resected with an NAR approach. Parenchymal transec-
tion was performed using a bipolar coagulator and a Cavitron 
Ultrasonic Surgical Aspirator (CUSA; Valleylab, Boulder, CO, 
USA). The Pringle’s maneuver was not routinely used. 

Statistical analysis
All statistical analyses were performed using SPSS Statistical 

software (version 25.0, IBM SPSS Statistics for Windows; IBM 
Corp., Armonk, NY, USA). Continuous variables were expressed 
as means ± standard deviations or ranges, and categorical vari-
ables were expressed as frequencies or percentages. Student’s 
t-test was used for comparing continuous variables. Chi-squared 
test and Fisher’s exact test were used for comparing categorical 

data. Survival estimates for the study population were generated 
using the Kaplan-Meier curve. A Cox proportional hazards re-
gression model was generated to assess the association of several 
variables with disease-free survival (DFS) rates. Statistically sig-
nificance was considered when p-value was less than 0.05. 

RESULTS

Patient characteristics
A total of 250 patients were grouped according to KRAS 

mutational status and further divided into AR and NAR sub-
groups. Among them, 156 (62.4%) had KRAS wild-type tu-
mors, while 94 (37.6%) had KRAS mutated tumors. The rates 
of AR and NAR were similar between the KRAS wild-type and 
mutated groups (32.70% vs. 29.80% AR; p = 0.675, Supplemen-
tary Table 1). Likewise, there were no significant differences 
in patient demographics, primary tumor characteristics, and 
preoperative factors between the AR and NAR groups in both 
KRAS mutational status groups. In regards to CRLM char-
acteristics, the number of CRLM in both KRAS mutational 
groups was not significantly different between AR and NAR 
groups (2.61 ± 1.87 vs. 2.23 ± 2.10; p = 0.410). However, it was 
noted, that the AR subgroup tended to have significantly larger 
tumors than the NAR subgroup in both KRAS wild and KRAS 
mutated groups (p < 0.01). Also, in the KRAS wild-type group, 
patients who underwent a NAR were more likely to present 
with bilateral disease compared to the KRAS mutated group 
(p  = 0.020, p  = 0.443). Pathological examination found that 
the frequency of R1 was similar between the AR and NAR 
groups regardless of the KRAS mutation status (p = 0.597, p = 
0.552). Adjuvant chemotherapy was administered to both AR 
and NAR groups at a similar rate with the regimen of adjuvant 
chemotherapy also being similar between the two groups, ir-
respective of KRAS mutational status (p  = 0.245, p  = 0.680). 
Details are provided in Table 2.

Short-term surgical outcomes
Patients in the NAR group had significantly more extended 

hospital stays and showed more severe complications (Cla-
vien-Dindo Classification ≥ IIIA) than those in the AR group 
(p  < 0.01, p  = 0.031). All other factors were not significantly 
different between the two groups (Table 3).

Table 3. Short-term surgical outcomes

Variable Non-anatomical (n = 171) Anatomical (n = 79) p-value

Length of stay (day) 15.65 ± 11.58 11.27 ± 5.73 < 0.01
Estimated blood Loss (mL) 600.51 ± 481.18 499.71 ± 493.12 0.131
Transfusion 31 (18.10) 17 (21.50) 0.605
Complication (CD≥IIIA) 19 (11.11) 17 (21.50) 0.031
Mortality 0 (0.00) 0 (0.00) > 0.999

Values are presented as mean ± standard deviation or number (%).
CD, Clavien-Dindo Classification.
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Factors associated with recurrence after hepatectomy 
At a median follow-up, the majority of patients (n = 173, 

69.20%) had developed recurrence. Median, 1-, 3-, 5-year DFS 
of the entire cohort were 12 months, 52.8%, 19.2%, and 10.4%, 
respectively. One third of patients (n = 75, 30.0%) experienced 
recurrence only at an intrahepatic site, whereas 75 (30.0%) 
patients experienced recurrence at an extrahepatic site. When 
comparing the DFS of patients who underwent AR or NAR, 
there was no significant difference (p = 0.405, Fig. 2). In mul-
tivariate analysis of DFS rates, only the presence of ≥ 3 tumors 
(hazard Ratio [HR]: 1.733; 95% confidence interval [CI], 1.281–
2.344; p  < 0.01) (Supplementary Table 2) was independently 
associated with lower overall DFS. 

In the KRAS wild-type group, intrahepatic, extrahepatic, and 
combined recurrence rates were not significantly different be-
tween the AR and NAR subgroups (p = 0.106; Table 2). Patients 
who underwent AR had comparable median DFS with those 
who underwent NAR (19.00 vs. 13.00 months; p = 0.326) (Fig. 3A). 

Similar to the general findings, in multivariable analysis, only 
the presence of ≥ 3 tumors (HR, 1.843; 95% CI, 1.253–2.711; 
p  < 0.01) (Supplementary Table 3) was significantly related 
to lower DFS. AR was not significantly associated with DFS 
changes based on a univariable analysis (HR, 1.228; 95% CI, 
0.808–1.866; p  = 0.337) (Supplementary Table 3). Analysis of 
the DFS of patients with intrahepatic recurrence showed no 
significant differences between the two groups (63.00 vs. 27.00 
months; p = 0.165) (Fig. 4A). In multivariable analysis of DFS 
in patients with later development of intrahepatic recurrence, 
only the bilobar localization of the disease preoperatively (HR, 
2.277; 95% CI, 1.454–3.567; p < 0.01) (Supplementary Table 4) 
was independently associated with lower DFS.

In the KRAS mutated group, intrahepatic, extrahepatic, and 
combined recurrence rates were not significantly different be-
tween the AR and NAR subgroups (p = 0.774, Table 2). There was 
no difference in the DFS associated with either surgical approach 
(11.00 vs. 9.00 months; p = 0.954) (Fig. 3B). DFS was not signifi-
cantly associated with AR and NAR in those who later developed 
intrahepatic recurrence (35.00 vs. 39.00 months; p = 0.516) (Fig. 
4B). Similar to the general findings and those observed in the 
KRAS wild-type, only the presence of ≥ 3 tumors (HR, 1.797; 95% 
CI, 1.091–2.959; p = 0.021; Supplementary Table 5) (HR, 2.717; 95% 
CI, 1.509–4.893; p < 0.01; Supplementary Table 6) in the multivar-
iate analysis was significantly associated with lower DFS. 

Overall, the presence or absence of KRAS mutation showed 
no significant association to DFS regardless of surgical ap-
proach and was not regarded as a significant prognostic factor 
by multivariable analysis.

DISCUSSION

The purpose of this study was to determine the relationship 
between surgical approach and oncological outcomes accord-
ing to KRAS mutational status in patients with synchronous 
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CRLM. To that end, we collated a large retrospective cohort of 
patients who underwent surgery with or without neoadjuvant 
chemotherapy. We found no survival benefit associated with 
AR in patients with both KRAS wild-type, and KRAS mutated 
type. Only the presence of ≥ 3 tumors was associated with a 
lower DFS in most patients who developed intrahepatic recur-
rence of the disease. Bilobar localization of disease was also 
related to lower DFS in KRAS wild-type group. 

According to Margonis et al. [13], on the method of deter-
mining the surgical approach depending on KRAS mutational 
status in an era of parenchyma-sparing hepatectomies (PSH)/
NAR, the performance of AR was significantly associated 
with a decreased risk of tumor recurrence. They also claimed 
that DFS was improved in the group with KRAS mutated 
group; however, the study excluded patients who underwent 
simultaneous AR and NAR. Thus, this study can help guide 
the decision regarding surgical approach, especially with the 
recent trend toward an increasing proportion of simultaneous 
resections in synchronous CRLM [21]. The presented analysis, 
in this manner, adds a new piece to the puzzle. It must be noted 
that as definition of the anatomical resection differs for each 
institution and has some ambiguity, it was important that the 
definition used in previous studies be followed so as to have 
uniformity of data [13]. 

Moris et al. [7] conducted a systematic review for PSH vs AR 
for CRLM and concluded that PSH had a comparable safety and 
efficacy profile compared with AR and did not compromise 
oncologic outcomes. PSH should be considered an appropriate 
surgical approach as a treatment for CRLM that facilitates pres-
ervation of hepatic parenchyma. And specific concerns have 
been raised by surgeons, and that safe and adequate oncologic 
outcome could be achieved by PSH/NAR. Torzilli et al. [22] re-
ported that the ultrasound-guided parenchyma-sparing surgery 
is feasible in most patients with ill-located CRLM and they re-
port that the parenchymal sparing policy has the higher chance 

of repeat surgery in case of recurrence. On the same point of 
view, Mise et al. [8] found that PSH does not increase recurrence 
in liver remnants, and more importantly, there is a significant 
increase in 5-year survival, if there were recurrences, so PSH/
NAR in CRLM should be a standard procedure. 

This study had findings which support the current main-
stream PSH dominant trend in CRLM. It is important to note 
however, a similar study done by Margonis et al. [23], which 
had different findings, compared to ours. They found that the 
R0 resection rate in the KRAS mutated group was more than 
double that in the NAR group. The present study reported that 
the R1 resection rate of the KRAS mutated group was 0.00% 
in the NAR group and 4.5% in the AR group. This potentially 
shows more valuable results because bias caused by margin 
issues could be excluded. Finally, another study shows that R0 
resection is a prerequisite in order to ensure long-term survival 
and cure [24].

For synchronous CRLM, there are two mainstays in regards 
to therapeutic approach: simultaneous resection and staged 
resection. In general, simultaneous resection has been reported 
to prevent the need for secondary surgery, reduce the overall 
length of hospital stay, and to shorten the time required for ad-
juvant therapy [25]. On the other hand, there is a concern that 
the risk of morbidity increases as the operation time increases. 
Staged resection can potentially minimize surgical morbidity 
but results in an extended total hospital stay and possible wors-
ening of liver metastasis. 

In this study, the length of hospital stay tended to be longer 
in the NAR group compared to that of the AR group (p < 0.01). 
Estimated blood loss, transfusion rate, complication of CD≥II-
IA and mortality rate did not differ between the two groups. 
Thus, the short-term surgical outcome is not considered a fac-
tor that biases the oncologic outcome and makes the results of 
this study more reliable. 

Previously reported prognostic factors for CRLM patients in-
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cluded: the absence of extrahepatic metastases, < 5 metastatic 
lesions, R0 resection, presence of bilobar disease, and the size 
of the largest metastatic lesion. Similarly, the prognostic factors 
associated with DFS in this study were associated with three 
or more metastatic lesions in both the KRAS mutated and wild 
types. The bilaterality of the tumor in the KRAS wild-type 
group was significant in regards to later development of intra-
hepatic recurrence.

For our study, several limitations need to be considered when 
interpreting the data. First, there may be inherent selection bi-
ases due to the retrospective design. Second, only patients who 
underwent simultaneous operation were included and those 
undergoing staged procedures were excluded from the analysis. 
Further subgroup analysis on recurrence types such as local re-
currences, intrasegmental recurrences, and other intrahepatic 
recurrences would be merited in future similar studies. 

In conclusion, the presence of KRAS mutation may not be a 
significant factor when deciding the surgical approach in si-
multaneous resection of colorectal liver metastasis. In a future 
study, an appropriately designed clinical trial may be warrant-
ed to address this issue definitively.
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