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Abstract

Background Anatomical resection (AR) for colorectal liver metastasis (CLM) is disputable. We investigated the
impact of AR on short-term outcomes and survival in CLM patients.

Methods Patients having hepatectomy with AR or nonanatomical resection (NAR) for CLM were reviewed.
Comparison was made between AR and NAR groups. Group comparison was performed again after propensity score
matching with ratio 1:1.

Results AR group (n = 234 vs n = 89 in NAR group) had higher carcinoembryonic antigen level (20 vs 7.8 ng/mL,
p < 0.001), more blood loss (0.65 vs 0.2 L, p < 0.001), more transfusions (19.2% vs 3.4%, p = 0.001), longer
operation (339.5 vs 180 min, p < 0.001), longer hospital stay (9 vs 6 days, p < 0.001), more tumors (p < 0.001),
larger tumors (4 vs 2 cm, p < 0.001), more bilobar involvement (20.9% vs 7.9%, p = 0.006), and comparable
survival (overall, p = 0.721; disease-free, p = 0.695). After propensity score matching, each group had 70 patients,
with matched tumor number, tumor size, liver function, and tumor marker. AR group had more open resections
(85.7% vs 68.6%, p = 0.016), more blood loss (0.556 vs 0.3 L, p = 0.001), more transfusions (17.1% vs 4.3%,
p = 0.015), longer operation (310 vs 180 min, p < 0.001), longer hospital stay (8.5 vs 6 days, p = 0.002), compa-
rable overall survival (p = 0.819), and comparable disease-free survival (p = 0.855).

Conclusion Similar disease-free survival and overall survival of CLM patients were seen with the use of AR and
NAR. However, AR may entail a more eventful postoperative course. NAR with margin should be considered

whenever feasible.

Introduction

Hepatectomy is potentially curative for patients with
resectable colorectal liver metastasis (CLM), with a 5-year
survival rate up to 58% [1-3]. There are many factors that
affect long-term survival, including node-positive primary
disease, carcinoembryonic antigen level, extrahepatic dis-
ease, poor tumor grade, the presence of more than one liver
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metastasis, tumor diameter>3 cm, and positive resection
margin [4]. Factors that can be altered by surgical tech-
nique should be surgeons’ top concern, and therefore,
anatomical resection (AR) and nonanatomical resection
(NAR) for the removal of CLM have been studied. NAR
has been advocated to reduce postoperative morbidity and
mortality. And it could reduce the chance of liver failure
[5]. This is particularly important in the presence of liver
damage (such as hepatic sinusoidal obstruction, periportal
inflammation, and steatohepatitis [6]) after the use of
neoadjuvant chemotherapy. On the other hand, the intra-
operative results [7-10] and postoperative outcomes of AR
might be more detrimental than those of NAR [10] as the
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surgical stress induced by major resection is usually high.
Furthermore, preserving more liver for future re-interven-
tion [11-13] has been proven to have a survival benefit due
to the high intrahepatic recurrence rate.

The primary objective of this study was to investigate
the impact of AR on the short-term outcome and survival
(overall and disease-free) in patients with CLM.

Methods

This retrospective study needed no institutional review
committee approval since treatments given to patients were
not influenced by the study. We reviewed the data of
patients who underwent hepatectomy for CLM at our
hospital from January 1990 to January 2017. All these
patients had no extrahepatic disease. Patients who received
treatment other than resection (e.g., radiofrequency abla-
tion in addition to resection) were excluded. The decisions
on treatment modality and operative procedure were based
on tumor size, location, and number. All decisions were
concluded by a multidisciplinary team of surgeons and
oncologists.

Diagnosis of CLM

The patients were diagnosed with colorectal carcinoma by
colonoscopy with biopsy proven. Computed tomography or
magnetic resonance imaging was performed to check for
liver metastasis. Liver biopsy was not done routinely.

Preoperative assessment

Biochemical and radiological assessments were done
before hepatectomy. Complete blood count, clotting pro-
file, and liver and renal function were routinely checked.
Hepatitis serology, carcinoembryonic antigen, and Child—
Pugh score were documented. Most patients received
indocyanine green clearance test. Indocyanine green
retention rate of 18% at 15 min after injection was the
cutoff level for major hepatectomy, and 22% was the cutoff
level for minor hepatectomy [14]. The test might not be
given to patients who did not have cirrhosis or abnormal
liver function. To define the liver anatomy and to check for
systemic involvement, computed tomography or magnetic
resonance imaging with or without 18-F 2-fluoro-2-deoxy-
D-glucose positron emitted tomography was performed. A
computed tomographic volumetric study was required for
major hepatectomy (resection of >3 Couinaud segments).
The minimum ratio of future liver remnant volume to
estimated standard liver volume was 30% for normal livers
[15]. In the case of marginal liver volume, portal vein
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embolization or ALPPS was considered on an individual
basis.

Hospital mortality was defined as death happening after
the operation and before discharge from hospital. Operative
mortality was defined as death happening within 90 days of
the operation. Postoperative complications were graded
according to the Clavien—Dindo classification [16]. The
UICC TNM classification, 7th edition, was used for cancer
staging [17].

Surgical technique

All open and laparoscopic hepatectomies were performed
by the same team of liver surgeons led by at least one
consultant specialist. The laparoscopic method was the
choice whenever possible.

In open hepatectomy, a right subcostal incision with a
sternal extension was usually used. Ultrasonic examination
was performed to confirm the tumor location, size, and
number. AR was preferred to NAR most of the time, and a
l-cm resection margin, if possible, was the goal. Tran-
section of the liver parenchyma was performed along the
demarcation line that appeared after occlusion of the
Glissonean pedicle confined to the segment to be resected.
In NAR, we marked the line for transection with the aid of
ultrasound. A Cavitron ultrasonic surgical aspirator was
used for parenchymal transection. During transection, the
central venous pressure was kept low (<5 mmHg).
Abdominal drain was not routinely used.

In laparoscopic hepatectomy, the French position was
adopted. Usually, 2-3 working ports were used for minor
hepatectomy and 4-5 ports were used for major hepatec-
tomy. Ultrasonography was performed. An ultrasonic dis-
sector was used for superficial parenchymal transection,
whereas a Cavitron ultrasonic surgical aspirator was used
for deep transection. For major hepatectomy, the dissection
was similar to the open approach. The intra-Glissonian
approach was performed for individual isolation of the
inflow. The hepatic artery was controlled by metal clips,
and the main branch of the portal vein was controlled by
Hemolock clips. An endovascular stapler or Hemolock was
used to control the main bile duct. A stapler was used to
control the major hepatic vein. The liver specimen was
delivered through a subumbilical or Pfannenstiel incision.
Drainage tube was not routinely placed [18, 19].

For AR, the Brisbane 2000 Terminology of Liver
Anatomy and Resections was applied [20]. NAR was
performed for small tumors located peripherally. Major
resection was performed for centrally located tumors. For
tumors that were close to the major vessel (i.e., main
pedicles), AR was preferred. With AR, the liver segment
supplied by the vasculature would be removed. The aim
was to remove the tumorous segment while minimizing the
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area of ischemia in the liver remnant. For tumors that were
close to the major hepatic veins, AR would be more fea-
sible as these lesions would more likely be deeply seated
lesions. A 1-cm gross margin was aimed for. A positive
resection margin was defined as the presence of tumor cells
at the line of transection due to microscopic involvement
by the tumor, venous permeation, or microsatellite nodules.

Histological measurement

We used standardized histological assessment method and
reporting format, which featured the number of tumor, size
of the largest tumor, and numerical report of surgical
margin width in tenths of a millimeter. The final margin
width was judged as the distance of the lesion closest to the
transected surface. In the case of multiple tumors, the
closet margin was recorded as final margin.

Chemotherapy

Patients who had high-risk factors for colorectal cancer
alone were subjected to adjuvant chemotherapy. Fluo-
rouracil was used before 2004. Since 2004, FOLFOX
(folinic acid, fluorouracil and oxaliplatin) was adopted.
Furthermore, XELOX (capecitabine and oxaliplatin) was
started since 2010. In the presence of KRAS mutation,
bevacizumab was added to FOLFOX or XELOX. For
patients who had wild-type KRAS, the choice of
chemotherapy was FOLFOX or XELOX and cetuximab.
All patients were considered for postoperative adjuvant
chemotherapy unless they had undergone chemotherapy
adjuvant to bowel resection within the previous 12 months,
according to the unit protocol. Chemotherapy was offered
to patients whose tumors were considered technically
unresectable as an attempt to downstage the disease.

Follow-up and recurrence

All patients were followed up at our outpatient clinic
within 2 weeks after discharge home and then every
3 months in the first year. Afterwards, they would be seen
every 6 months. Blood tests (for liver function and carci-
noembryonic antigen level checks, etc.) were taken before
every follow-up visit, and cross-sectional imaging was
arranged half-yearly or more frequently. Disease recur-
rence was declared if contrast computed tomography
showed features of local recurrence or distant metastasis.

Statistics
Continuous variables were described as median with range

included in brackets. The Chi squared test or Fisher’s exact
test, where appropriate, was used to analyze categorical

variables. The Mann—Whitney U test or the t test, where
appropriate, was used to analyze parametric variables. In
the subgroup analysis, liver function, tumor marker, tumor
number, and tumor size were matched in a 1:1 ratio so that
they were the same in both groups. Disease-free survival
and overall survival were calculated from the day of dis-
charge to the day of disease recurrence or census, that is,
death or last follow-up visit, using the Kaplan—Meier
method. The log-rank test was used for survival compar-
ison between groups. p value <0.05 was considered sta-
tistically significant. The software SPSS, version 20, was
used for all statistical analyses.

Results

In the study period, 323 patients received hepatectomy for
CLM; 234 patients underwent AR and 89 patients under-
went NAR. These two groups of patients were comparable
in terms of age (AR 60.5 years; NAR 62.0 years old;
p = 0.275) and sex (AR 143 men and 91 women; NAR 58
men and 31 women; p = 0.502). More patients suffered
from respiratory disease in the NAR group (14.6% vs
6.8%, p = 0.029). Patients in the AR group had higher
creatinine level (79 vs 76 umol/L, p = 0.032), aspartate
transaminase level (27 vs 24 U/L, p = 0.009), and carci-
noembryonic antigen level (20 vs 7.8 ng/mL, p < 0.001).
All patients in the NAR group received minor resec-
tion. Intraoperatively, the NAR group had less blood loss
(0.2 vs 0.65 L, p < 0.001), less blood transfusion (3.4% vs
19.2%, p =0.001), shorter operation duration (180 vs
339.5 min, p < 0.001), and shorter hospital stay (6 vs
9 days, p < 0.001). Pathological examination revealed that
the AR group had more tumor nodules (p < 0.001), larger
tumor size (4 vs 2 cm, p <0.001), and more bilobar
involvement (20.9% vs 7.9%, p = 0.006). The two groups
were comparable in terms of resection margin involvement
(AR 6.7%; NAR 8.2%; p = 0.788), microvascular invasion
(AR 21.7%; NAR 18.3%; p = <0.001), time to disease
recurrence (AR 14.2 months; NAR  12.7 months;
p = 0.507), and pattern of recurrence. Although patients in
the AR group had more and larger tumors, they did not
have inferior survival. This group had a median of
47.0 months of overall survival and a 41.6% 5-year overall
survival rate. Correspondingly, the NAR group had a
median of 47.4 months and a 5-year rate of 41.2%
(»p = 0.721). When it comes to disease-free survival, the
AR group had a median of 14.5 months and a 5-year rate of
25.3%. Correspondingly, the NAR group had a median of
15.6 months and a 5-year rate of 26.5% (p = 0.695).
Further analysis was performed to match the patients’
tumor characteristics for better comparison, including
aspartate transaminase level, tumor size, and tumor
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number. Propensity score matching was done with a ratio
of 1:1, resulting in 70 patients in each group. Table 1 is a
group comparison of perioperative and histopathological
characteristics after propensity score matching. After
matching, the two groups were comparable in demographic
characteristics, comorbidity, preoperative liver function,
and carcinoembryonic antigen level (AR 8.8 ng/mL; NAR
8.9 ng/mL; p = 0.729). All patients in the NAR group and
45.7% of the patients in the AR group underwent minor
resection (p < 0.001). More patients in the AR group
received open resection (85.7% vs 68.6% in the NAR
group, p = 0.016). The NAR group had less intraoperative
blood loss (0.3 vs 0.556 L, p = 0.001), less blood trans-
fusion (4.3% vs 17.1%, p = 0.015), shorter operation time
(180 vs 309.5 min, p < 0.001), and shorter hospital stay (6
vs 8.5 days, p = 0.002). The overall complication rate was
similar (AR 15.7%; NAR 11.4%; p = 0.622). The groups
had matched tumor number (p = 0.226) and tumor size
(»p = 0.927) and were comparable in terms of resection
margin involvement (AR 5.8%; NAR 8.6%; p = 0.404) and
follow-up period (AR 35.1 months; NAR 39.8 months;
p = 0.902). However, more patients in the AR group had
microvascular invasion (AR 28.3%; NAR 21.9%;
p = 0.002). This group had a median overall survival of
41.0 months and a 45.0% 5-year overall survival rate.
Correspondingly, the NAR group had a median overall
survival of 47.4 months and a 5-year rate of 44.1%
(p = 0.819) (Fig. 1). When it comes to disease-free sur-
vival, the AR group had a median of 17.9 months and a
5-year rate of 22.6%. Correspondingly, the NAR group had
a median of 16.7 months and a 5-year rate of 31.0%
(p = 0.855) (Fig. 2).

Discussion

AR refers to en bloc removal of a liver portion supplied by
a major branch of the portal vein and hepatic artery. Each
segment of the liver is an independent functional unit,
isolated from other segments. AR has been proposed to
improve survival in hepatocellular carcinoma resection
[21-25]. In hepatocellular carcinoma resection, AR aims to
decrease chances of intrahepatic metastasis and local
regional recurrence by clearance of microvascular invasion
arising from the tumor-bearing portal branches and the
corresponding liver parenchyma. However, in contrast to
hepatocellular carcinoma, CLM develops from blood-
borne tumor cells circulating throughout the systemic cir-
culation. The idea of AR for CLM might not be applicable,
as previous studies showed contradictory results
[5,7,9, 10, 26-28]. A meta-analysis reported that NAR for
CLM did not compromise oncological outcomes and AR
and NAR showed no difference in terms of postoperative
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morbidity and mortality [29]. Another study recommended
complete macroscopic removal of all lesions with negative
resection margins, irrespective of width [30].

Given that our overall results showed no differences in
overall survival and disease-free survival between groups,
it seems that NAR would be favorable in view of the better
operative outcomes and short-term recovery. However, the
AR group in fact had more and larger liver metastases. It
has been reported that tumor size and tumor number in
CLM are adverse prognostic factors for long-term sur-
vivors [31-35]. Despite the poorer tumor biology, the AR
group had overall survival and disease-free survival similar
to the NAR group (p = 0.784 and 0.612, respectively),
which could be explained by the more radical hepatectomy
in the AR group. After factors biased by liver function
(aspartate transaminase level, tumor size, and tumor num-
ber) were eliminated by propensity score matching, com-
parable survival outcomes were seen in the two groups.

After all, the decision to offer AR or NAR to the patients
depended very much on tumor location. NAR was usually
used to treat peripherally located tumors. For tumors close
to the major vessel or pedicle, AR would be an easier and
feasible option, as seen in our results. Blood loss and blood
transfusion requirement were both lower in the NAR
group. Hepatic lobectomy, which is one of the common
forms of AR, was a risk factor for perioperative transfu-
sion, while transfusion itself was associated with coagu-
lopathy, allergic reactions, tumor promoting action [36],
greater in-hospital mortality, complication, and longer
hospital stay. This was further confirmed by a recent meta-
analysis by Lyu et al. [37]. The study showed the associ-
ation between perioperative blood transfusion in CLM
resection and various adverse outcomes, including overall
morbidity, major complications, mortality, and length of
hospital stay. Specifically, more cases of postoperative
infection and liver failure were seen [38, 39]. In addition to
the more extensive resection in the AR group, blood loss
and blood transfusion in this group could be factors con-
tributing to the relatively inferior postoperative outcomes.

Tumor cells of CLM are cells derived from the primary
lesion that have traveled into the liver [40], and hence,
these cancer cells are likely delivered evenly. As such,
there is the opinion that AR is better for treating CLM.
However, the results from our patients suggested that,
given similar tumor size and similar tumor number, NAR
could achieve survival similar to AR, while AR might
result in a more eventful postoperative course. For
peripherally located lesions, NAR would also allow
preservation of a larger amount of liver parenchyma for
possible hepatectomy in case of local recurrence of disease
[7, 10]. It is believed that minimal scarification of the liver
parenchyma decreases surgical stress and operative risk,
thereby reducing postoperative morbidity and mortality
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Table 1 Comparison of perioperative and histopathological characteristics after propensity score matching
Anatomical resection (n = 70) Nonanatomical resection (n = 70) p value
Demographic
Age (years) 61.0 (29-85) 61.0 (31-85) 0.652
Male/female 38:32 47:23 0.119
Preoperative
With comorbidity 28 (40%) 32 (45.7%) 0.495
Heart 22 (31.4%) 23 (32.9%) 1.000
Lung 6 (8.6%) 12 (17.1%) 0.130
Diabetes mellitus 14 (20%) 8 (11.4%) 0.164
Total bilirubin (pmol/L) 9.0 (3-25) 9.0 (3-25) 0.892
Creatinine (pumol/L) 79.5 (42-171) 79.5 (42-171) 0.143
Albumin (g/L) 42.0 (31-55) 42.0 (31-55) 0.544
International normalized ratio 1.0 (0.8-1.2) 1.0 (0.8-1.2) 0.184
Platelet count (x10%/L) 225.0 (112-456) 225.0 (112-456) 0.665
Carcinoembryonic antigen (ng/mL) 8.8 (0.7-802) 8.85 (1-526) 0.729
Aspartate transaminase (U/L) 23.0 (10-70) 23.0 (11-53) 0.704
Alanine transaminase (U/L) 18.0 (8-65) 19.0 (4-83) 0.429
Location of tumor <0.001*
Peripherally located 13 (18.6%) 70 (100%)
Centrally located 57 (81.4%) 0 (0%)
With synchronous liver metastasis 38 (55.1%) 27 (38.6%) 0.051
With neoadjuvant chemotherapy 12 (17.1%) 14 (20%) 0.664
Intraoperative
Blood loss (L) 0.555 (0.0-3.3) 0.3 (0.01-1.55) <0.001*
With blood transfusion 12 (17.1%) 3 (4.3%) 0.015%
Blood replacement (L) 0.0 (0.0-2.1) 0.0 (0.0-1.55) 0.013%*
Mode of liver resection 0.016*
Open 60 (85.7%) 48 (68.6%)
Laparoscopic 10 (14.3%) 22 (31.4%)
Magnitude of resection <0.001%*
Major resection 38 (54.3%) 0 (0%)
Minor resection 32 (45.7%) 70 (100)
With synchronous resection 12 (17.1%) 11 (15.7%) 1.000
Operation time (min) 309.5 (105-703) 180.0 (45-482) <0.001%*
Postoperative
Hospital mortality 0 0 -
Hospital stay (days) 8.5 (4-47) 6.0 (2-96) 0.002*
With adjuvant chemotherapy 39 (55.7%) 44 (62.9%) 0.390
Follow-up period (months) 35.1 (2.9-292.3) 39.8 (2.9-183.9) 0.902
Time to recurrence (months) 18.0 (1.2-268.9) 14.3 (1.4-183.9) 0.560
Pattern of recurrence 0.194
No recurrence 22 (31.4%) 27 (38.6%)
Intrahepatic recurrence 4 (5.7%) 6 (6.6%)
Extrahepatic recurrence 23 32.9%) 12 (17.1%)
Intra- and extrahepatic recurrence 21 (30%) 25 (35.7%)
Further resection for intrahepatic recurrence 0.487
No 18 (69.2%) 27 (77.1%)
Yes 8 (30.8%) 8 (22.9%)
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Table 1 continued

Anatomical resection (n = 70) Nonanatomical resection (n = 70) p value
Histopathological
With positive resection margin 4 (5.8%) 6 (8.6%) 0.404
Number of tumor 1 (1-7) 1 (1-multiple) 0.226
Tumor size (cm) 2.45 (1.0-11.0) 2.5 (0.9-11.0) 0.927
Microvascular invasion 0.002*
Absent 43 (71.7%) 50 (78.2%)
Present 17 (28.3%) 14 (21.9%)
Macrovascular invasion 0.243
Absent 67 (95.7%) 70 (100%)
Present 3 (4.3%) 0 (0%)
KRAS status (n = 68) 0.190
Wild type 24 (58.5%) 20 (74.1%)
Mutated 17 (41.5%) 7 (25.9%)

Data are presented as median (range) or number of patients (percent) or ratio

*Statistically significant

Non-anatomical, n=70

60 Anatomical, n=70

Cumulative Survival (%)
[4,]
?

P=0.819

T

2 3
Overall Survival (years)

o
-
N
o

overall survival Anatomical Non-anatomical p-value
(n=70) (n=70)
Median (months) 41.0 47.4
Range (months) 2.9-292.3 2.9-183.9
1-year rate 95.7% 97.1% 0.819
3-year rate 55.2% 71.5%
5-year rate 45.0% 44.1%

Fig. 1 Comparison of overall survival after propensity score
matching

[29]. Unfortunately, both AR and NAR did not confer any
survival benefit. Since some of our patients (30.8% in the
AR group and 22.9% in the NAR group) would receive
further resection for intrahepatic recurrence, NAR, if fea-
sible, would have been more suitable.
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Only a minority (< 10%) of the recurrences were solely
intrahepatic, suggesting that more effective means of sys-
temic chemotherapy or target therapy are needed. Che-
motherapy has been shown to improve the disease-free and
progression-free survival of CLM patients [41]. In this
study, the proportion of patients who underwent
chemotherapy (before or after surgery) was similar
between groups, which points to the importance of more
radical resection in improving disease-free survival. We
opted for upfront hepatectomy if possible and subsequent
adjuvant chemotherapy. For patients who had undergone
neoadjuvant chemotherapy, we allowed a 4-week
chemotherapy-free period to let the liver recover before
hepatectomy in order to reduce surgical morbidity.

Synchronous disease and metachronous disease have
different tumor behaviors. Patient survival after resection
of metachronous lesions has been shown to be better than
that of synchronous lesions [42]. The difference is likely
due to the fact that metachronous lesions occur later in the
course of disease progression [43, 44] and that synchronous
lesions may represent a more disseminated disease [45].
Synchronous liver metastasis might have a poorer tumor
biology [46]. However, it would be controversial to com-
pare the postoperative survival outcomes of synchronous
metastasis and metachronous metastasis as it is a general
practice to offer neoadjuvant chemotherapy to patients with
liver metastasis before they receive resection [46, 47]. Our
study had similar proportions of synchronous disease and
metachronous disease, and thus, the difference in their
tumor biology was minimum, rendering the effect of sur-
gery more prominent.
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100+

P=0.855

Non-anatomical, n=70

Cumulative Survival (%)
n
!?

30
207 Anatomical, n=70
104
0_
T T T T T T
0 1 2 3 4 5

Disease Free Survival (years)

Disease-free Anatomical Non-anatomical p-value
survival (n=70) (n=70)
Median (months) 17.9 16.7
Range (months) 1.2-268.9 1.3-183.9
1-year rate 64.3% 56.3% 0.855
3-year rate 29.4% 31.0%
5-year rate 22.6% 31.0%

Fig. 2 Comparison of disease-free survival after propensity score

matching

Laparoscopic surgery has been gaining popularity, and
laparoscopic hepatectomy (both major and minor resec-
tions) has been proven to improve short-term outcomes,
including shortened hospital stay and reduced morbidity
[48-52]. The fact that our patients in the NAR group had
more laparoscopic wedge resections, apart from that the
AR group had more extensive resection, could also be a
contributing factor to the better operative and postoperative
outcomes. Laparoscopic monosegmentectomy using the
Glissonean pedicle approach is now a valid option [53].
However, tumors in difficult locations may make some
laparoscopic resections difficult—for example, anatomical
segmentectomy for posteriosuperior lesions would be dif-
ficult due to poor access and visualization [54, 55]. These
cases would call for specific techniques or patient positions
[54, 56] or the placement of additional trocars [55].
According to a meta-analysis of AR versus NAR for CLM,
NAR can reduce blood loss, postoperative morbidity, and
hospital stay [29], and it is hoped that laparoscopy can
further reduce surgical stress and improve short-term out-
comes of CLM resection [57].

The retrospective nature of this study has given rise to
its major limitation. The possibility of selection bias,
missing data, and treatment heterogeneity throughout the
years could not be completely avoided. In addition, due to
the dilution of number of patients in subgroup analysis
using propensity score matching, it would be difficult to
further subdivide the patients into synchronous and

metachronous metastasis groups, although such disease
nature might have an impact on the results of the study.
Furthermore, the effect of neoadjuvant and adjuvant
chemotherapies, which could potentially influence survival,
was not investigated in the current study. A single-center
series also limits interobserver variability and treatment
heterogeneity in terms of perioperative management and
operative technique. While it would be most ideal to carry
out a randomized controlled trial on this topic, this retro-
spective study with a reasonable sample size can still shed
some light on the surgical approach in CLM management.

Conclusion

Similar disease-free survival and overall survival of CLM
patients were seen with the use of AR and NAR. However,
AR may entail a more eventful postoperative course. NAR
with margin should be considered whenever feasible.
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