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Abstract In the era of multimodal management of liver

metastases, surgical resection remains the only curative

option, with open approach still being referred to as the

standard of care. Currently, the feasibility and benefits of

the laparoscopic approach for liver resection have been

largely demonstrated. However, its oncologic adequacy

remains to be confirmed. The aim of this study is to report

the oncological results of laparoscopic liver resection for

metastatic disease in a single-centre experience. A single-

centre database of 413 laparoscopic liver resections was

reviewed and procedures for liver metastases were selec-

ted. The assessment of oncologic outcomes included

analysis of minimal tumour-free margin, R1 resection rate

and 3-year survival. The feasibility and safety of the pro-

cedures were also evaluated through analysis of perioper-

ative outcomes. The study comprised 209 patients (294

procedures). Colorectal liver metastases were the com-

monest indication (67.9 %). Fourteen patients had con-

version (6.7 %) and oncological concern was the

commonest reason for conversion (42.8 %). Median

tumour-free margin was 10 mm and complete radical

resections were achieved in 211 of 218 curative-intent

procedures (96.7 %). For patients affected by colorectal

liver metastases, 1- and 3-year OS resulted 85.9 and

66.7 %. For patients affected by neuroendocrine liver

metastases, 1- and 3-year OS resulted 93 and 77.8 %.

Among the patients with metastases from other primaries,

1- and 3-year OS were 83.3 and 70.5 %. The laparoscopic

approach is a safe and valid option in the treatment of

patients with metastatic liver disease undergoing curative

resection. It does offer significant perioperative benefits

without compromise of oncologic outcomes.

Keywords Liver metastases � Oncological outcomes �
Long-term outcomes � Laparoscopic liver resection �
Laparoscopic hepatectomy

Introduction

Liver metastatic disease is a relevant clinical problem.

Nevertheless, liver metastases are associated with a poor

prognosis and reduction in survival, which may range from

only a few months to many years depending on different

prognostic factors [1–3].

In themodern era, availability of loco-regional treatments

and systemic therapies have led to significant improvement

in survival, and multimodality strategies have now been

established as the mainstay for the management of patients

with liver metastases [4–6]. However, only surgical resec-

tion is associated with a survival plateau, thus being the only

potentially curative option in appropriately selected patients

[7]. Moreover, advances in surgical techniques and periop-

erative managements have reduced the contraindications for

liver surgery and many surgeons would consider an

aggressive approach in the management of metastatic liver

disease [8]. Also, survival advantage has been documented

after repeated resection for recurrent liver metastases. As a

result, many patients are considered candidates for multiple

potentially curative liver resections [9].

Over the last decades, the feasibility and safety of

laparoscopy for liver resections have been documented for

both minor and major hepatectomies along with its benefits

in terms of lower postoperative morbidity and decreased
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hospital stay [10–13]. As a reflection, laparoscopic liver

resections have undergone a gradual spread and have

become a valid alternative to the traditional open approach

in expert centres. However, this expansion has been rela-

tively slow due to the perceived technical difficulties and

concerns regarding the oncologic efficiency [14].

Randomized controlled trials are considered the peak of

evidence-based medicine and, as such, have been advocated

to confirm the validity of laparoscopic liver resection over

the traditional open approach. On the other hand, these are

hardly applicable owing to the difficulty in recruiting

patients to be allocated to differently invasive procedures

[15]. In this setting, further evidence may be provided by

alternative levels of evidence, such as meta-analysis, com-

parative studies and large case-series reports [16–19].

The aim of this study is to report the results of laparo-

scopic liver resection for metastatic disease in a large

single-centre experience to confirm the oncological ade-

quacy of the minimally invasive approach in this chal-

lenging oncologic setting.

Methods

Study design

A prospectively collected single-centre database of 413 con-

secutive patients undergoing laparoscopic liver resections

(August 2003–July 2013) at SouthamptonUniversityHospital

was reviewed. Laparoscopic liver resections for benign and

primary malignant tumours (i.e., hepatocellular carcinoma,

cholangiocellular carcinoma, other primaries) were excluded.

As a result, in this manuscript only laparoscopic liver resec-

tions for metastatic liver disease were considered.

The main endpoint of the study was the assessment of

oncologic short- and mid-term outcomes in this series. This

included analysis of surrogate endpoints (minimal tumour-

free margin, R1 resection rate) and of 3-year survival. Mid-

term survival analysis was calculated separately for

patients affected by colorectal liver metastases (CRLM),

neuroendocrine tumour liver metastases (NETLM) and

metastases from other primaries, as the majority of patients

affected by NETLM underwent palliative surgery with the

intent of controlling secretory symptoms.

Resection margins were defined into R0 (microscopically

more than 1 mm from resection margin) and R1 (micro-

scopically less than 1 mm from resection margin). R2 resec-

tions were defined as partial resections with grossly visible

tumour left behind (in the setting of debulking surgery for

NETLM). Overall survival (OS) was estimated from laparo-

scopic liver resection until death, recurrence-free survival

(RFS) from laparoscopic liver resection until the first docu-

mented recurrence of disease, and disease-free survival (DFS)

defined as survival from laparoscopic liver resection until

incurable recurrence. Actuarial survival was analysed in 1-

and 3-year time interval for time-defined survival.

The feasibility and safety of the procedures were also

evaluated through analysis of perioperative outcomes.

These included conversion rate, reasons for conversion to

open, duration of surgery, intraoperative blood loss,

adoption and duration of Pringle Manoeuver, length of high

dependency unit (HDU)/intensive care unit (ICU) stay,

postoperative length of stay, morbidity and mortality rates

within 90 days from surgery. Perioperative morbidity was

classified according to the Accordion Severity Grading

System of Surgical Complications [20].

The following variables were also analysed: demo-

graphics, indication for surgery, tumour size and type of

liver resection (according to the Brisbane 2000 Nomen-

clature) [21].

Perioperative management

Routine blood tests, computed tomography of the abdomen

with triphasic liver contrast enhancement or liver-specific

double-contrast magnetic resonance imaging scanning were

performed in all patients.All patientswere discussed at an open

multidisciplinary team (MDT) meeting attended by surgeons,

pathologists, oncologists, gastroenterologists, and radiologists.

The extent of the liver resection was decided in the MDT

without any adjustment based on the surgical approach (la-

paroscopic/open). Initially, the criteria for considering a liver

lesion unsuitable for laparoscopic resection were: tumours

located within 2 cm from the portal vein bifurcation, inferior

vena cava or hepatocaval vein confluence, and tumours

involving the common bile duct. However, later with increas-

ing experience, lesions near to major structures were approa-

ched as long as R0 resection was considered achievable.

Pure laparoscopic procedures were attempted in all

patients. Our group has previously described in detail the

techniques for left lateral sectionectomies, major hemi-

hepatectomies and liver resections over the posterosuperior

segments [22–25]. Intermittent Pringle Maneuver is per-

formed during transection in the majority of cases, as

described elsewhere [26].

Statistics

Statistical analysis was performed through SPSS ver. 16

(SPSS Inc., Chicago, IL, USA). Continuous variables were

expressed as mean or median according to their values’

distribution (Shapiro–Wilk Test). The Kaplan–Meier

method and life tables were adopted for survival analyses.

RFS, DFS and OS were expressed as median number of

months (95 % confidence interval) and actuarial survival as

percentage. Statistical significance was set at p\ 0.05.
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Results

The study comprised 209 patients undergoing attempted

laparoscopic liver resections within the study period. The

median patients’ age resulted 66 years (range 32–85), with

54.6 % males (n = 114).

Indications for surgery and management approach

Colorectal liver metastases were the commonest indication

(n = 142, 67.9 %), followed by NETLM (n = 43,

20.6 %). Remaining 24 patients were affected by non-

colorectal, non-neuroendocrine liver metastases (11.5 %).

Patients affected by NETLM received liver resection

with cytoreductive/palliative intent. All other patients were

resected with a curative intent (n = 166, 79.4 %).

CRLM

Ninety of 142 patients were affected by metachronous

metastases (63.4 %). Median time interval between diag-

nosis of primary tumour and liver metastases resulted

22 months (range 7–120). Neoadjuvant and adjuvant

chemotherapy were administered in 26 (28.9 %) and 28

(31.1 %) patients, respectively.

Among patients presenting with synchronous CRLM

(n = 52, 36.6 %), the majority was elected to a ‘‘colon

first’’ approach, that is a two-stage procedure with col-

orectal resection performed firstly (n = 47, 90.4 %).

‘‘Liver first’’ approach and synchronous colorectal/liver

resection were carried out in 5.8 % (n = 3) and 3.8 %

(n = 2) of patients, respectively.

Management of metastatic liver disease consisted in

one-stage approach for the majority of patients (n = 136,

95.8 %). The remaining 6 patients were elected to a two-

stage approach (totally laparoscopic: 2 patients; 1st stage

laparoscopic and 2nd stage open: 4 patients). One patient

dropped out after the 1st stage hepatectomy since evidence

of unresectable liver disease was documented at restaging.

NETLM

Midgut origin of NET primary was documented for the

majority of patients (n = 25, 58.1 %), either located in the

ileum or the ascending colon, while 8 patients were diag-

nosed with a pancreatic NET primary (18.6 %). The origin

remained unknown for the remaining 10 patients (23.2 %).

Synchronous resection of primary tumour and liver

metastases was carried out in 36.4 % of patients (n = 12),

while a ‘‘liver first’’ approach was adopted for 8 patients

(24.2 %).

Liver metastases from other primaries

Indications among this group included: melanoma metas-

tases (7 patients, 3.3 %), metastatic GIST (5 patients,

2.4 %), breast cancer metastases (3 patients, 1.4 %),

metastatic renal cancer (3 patients, 1.4 %), lung cancer

metastases (2 patient, 0.9 %), ovarian tumour metastases (2

patients, 0.9 %), metastatic Ewing’s sarcoma (1 patient,

0.5 %), and metastatic acinar pancreatic cancer (1 patient,

0.5 %).

The majority of patients were affected by the meta-

chronous disease (87.5 %). Median time interval between

diagnosis of primary tumour and liver metastases resulted

36 months (range 12–180). The remaining 3 patients pre-

sented with synchronous liver metastases (12.5 %).

‘‘Liver first’’ approach was adopted for 2 patients

(24.2 %), while 91.7 % had a previous surgical procedure

to resect the primary tumour (n = 22).

Surgical procedures

Fifty-nine of 209 patients had multiple concomitant liver

resections (31.5 %) for a total of 294 procedures docu-

mented in this series.

Major hepatectomies accounted for 35.4 % of the liver

resections performed (n = 74) including 51 right hepate-

ctomies (24.4 %), 10 left hepatectomies (4.8 %), 7 exten-

ded right hepatectomies (3.3 %), 5 extended left

hepatectomies (2.4 %) and 1 trisegmentectomy (0.5 %).

Minor liver resections (n = 135, 64.6 %) comprised 50 left

lateral sectionectomies (23.9 %), 4 right posterior sec-

tionectomies (1.9 %), 9 bisegmentectomies (4.3 %), 13

single segmentectomies (6.2 %), 28 single wedge resec-

tions (13.4 %), and 31 multiple wedge resections (14.8 %).

Fifteen of 74 major hepatectomies were associated with a

concomitant minor liver resection (20.5 %).

Fourteen patients were converted to open (6.7 %).

Oncological concerns at intraoperative stage (inability to

assess the tumour extent, awkward tumour location at

inspection, absence of neoplastic deposit at frozen section)

resulted the commonest reason for conversion (n = 6,

42.8 %). Other reasons for conversion included: dense

intra-abdominal adhesions (n = 3, 21.4 %), persistent

bleeding during or at the end of transection (n = 3,

21.4 %), injury of small intestine at induction of pneu-

moperitoneum (n = 1, 7.1 %) and finding of bulky hilar

nodal metastases at inspection (n = 1, 7.1 %). Data about

the 10 patients converted prior to the transection phase

were excluded from statistical analysis, as the liver resec-

tion was effectively carried out by open approach, for a

total of 199 patients ultimately considered for statistics.
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Perioperative outcomes

Median operative time resulted 220 min (range 30–710), and

median blood loss 250 mL (range 10–3,200). Pringle

Maneuver was required in 56 patients (26.7 %) with a

median duration of 31 min (range 5–94). Median HDU stay

and total stay resulted 1 and 4 days, respectively (range 1–10

and 1–52). Thirty-three patients experienced moderate to

severe postoperative complications (15.7 % 90-day mor-

bidity rate) for a total of 41 postoperative adverse events

occurred in this series. Liver-related morbidity included 4

bile leaks (1 managed conservatively and 3 requiring

Endoscopic Retrograde Cholangiopancreatography stent-

ing) and 8 postoperative intra-abdominal collections treated

with ultrasound-guided drainage. No postoperative liver

failure was recorded. 90-day mortality rate resulted 1.4 %

(n = 3). Causes of death included acute myocardial infarc-

tion (n = 1), postoperative portal vein thrombosis leading to

liver failure (n = 1) and postoperative thrombosis of inferior

vena cava associated with intra-abdominal collection

(n = 1). Exhaustive description and classification of post-

operative morbidity are provided in Table 1.

Oncological outcomes

Mean number of lesions was 2.1 (±1) and median tumour

size 25 mm (range 4–150) on histological exam. Median

tumour-free margin resulted 10 mm (range 1–80). Com-

plete radical resections were achieved in 211 of 218 pro-

cedures carried out with curative intent (96.7 %) with R1

rate resulting 3.2 %. R1/R2 resections accounted for 32 of

76 procedures performed for NETLM metastases with

cytoreductive/palliative indication (42.1 %). No port-site

seeding was reported.

CRLM

The mean number of liver lesions in this group resulted

1.79 (SD 1.3, range 1–10) and median size was 26 mm

(range 4–105 mm). Eighty-one of 142 patients were diag-

nosed with recurrence during postoperative follow-up

(57.7 %) including 30 new liver recurrences and 1 recur-

rence at the transection edge (38.3 % of recurrence).

Median RFS resulted 21 months (95 % confidence interval

15.6–726.3) and 1- and 3-year RFS were 54.2 and 29.4 %,

respectively. Liver recurrence was managed with curative

intent in 64.5 % of cases (15 repeated liver resection, 5

ultrasound-guided radiofrequency ablation) with median

DFS finally resulting 29 months (95 % confidence interval

9.3–48.6) and 1- and 3-year DFS 56.3 and 43.1 %,

respectively.

At follow-up, 53 of 142 patients were dead (37.3 %)

with a 55-month median OS documented in this series

(95 % confidence interval 33.7–76.3). 1- and 3-year OS

resulted 85.9 and 66.7 %, respectively (Fig. 1).

NETLM and liver metastases from other primaries

Median OS for patients affected by NETLM was

74 months (95 % confidence interval 60.7–87.3) with 1-

and 3-year OS resulting 93 and 77.8 %, respectively.

Among the 24 patients affected by non-colorectal, non-

neuroendocrine liver metastases, 13 were alive at the time

of follow-up (54.2 %), and 9 of them disease free. In this

group, median OS resulted 48 months (95 % confidence

interval 17.5–78.4) with 1- and 3-year OS 83.3 and 70.5 %,

respectively.
Table 1 Postoperative morbidity over 209 patients

Postoperative morbidity N = 41

Moderate Bile leak (antibiotics) = 1

Atrial fibrillation (drugs) = 7

Chest infection (antibiotics) = 10

Urinary tract infection (antibiotics) = 1

C. Difficile infection (antibiotics) = 1

Haemorrhage (blood transfusion) = 3

Severe Bile leak (ERCP stenting) = 3

Intra-abdominal collection (drain) = 8

Pleural effusion (drain) = 1

Cardiac arrest = 1

Port-site incarcerated hernia (surgery) = 1

Acute cholecystitis (surgery) = 1

Death Acute myocardial infarction = 1

Inferior vena cava thrombosis = 1

Portal vein thrombosis = 1

ERCP endoscopic retrograde cholangiopancreatography Fig. 1 Overall survival for 142 patients affected by CRLM
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Discussion

This study provides the outcomes of a single-centre series

of laparoscopic liver resections for metastatic disease from

different primary tumours. Our results confirm the validity

of the laparoscopic approach in the treatment of liver

metastatic disease with excellent oncologic outcomes, both

in the short and mid term.

Longstanding debates about the oncologic adequacy of

laparoscopic liver resection for malignant tumours are still

ongoing [27]. These are mainly related to the fear of

tumour involvement of resection margins as this is con-

sidered of major impact on the recurrence-free survival.

Indeed, particularly in complex settings (unfavourable

locations, multiple and large lesions), the absence of tactile

feedback may represent a major difficulty in laparoscopic

surgery, leading to the inadequate assessment of the extent

of disease. Although we have previously suggested that the

tumour size and distance from major vessels should not be

considered an absolute contraindication to the laparoscopic

approach, we herein emphasize again that those are com-

plex resection and need of advanced laparoscopic experi-

ence before embarking in laparoscopic liver resection [28,

29]. Our findings confirm that oncological concerns at

intraoperative stage resulted the commonest reason for

conversion to open (42.8 %). Nevertheless, the 10 mm

median tumour-free margin and 96.7 % R0 rate recorded in

this series were satisfactory and consistent with results

previously disclosed by others. A multi-institutional study

on laparoscopic resections for colorectal liver metastases

reported by Nguyen et al. [30] documented that negative

margins were achieved in 94.4 % of resections with a

10 mm median tumour-free margin. Similarly, a more

recent comparative study on laparoscopic versus open liver

resections for colorectal metastases reported 87 % R0

resection rate and 5.2 mm median tumour-free margin in

the laparoscopic group [31]. Although the optimal width of

negative margin is still debated, especially for CRLM,

complete tumour removal remains the gold standard of the

surgical treatment of metastatic liver disease [32, 33]. The

results documented in this series show that laparoscopic

liver resections can be accomplished in accordance with

the oncologic principles of radicality and contribute in

supporting their oncological efficiency first of all from a

technical standpoint. As in open surgery, intraoperative

ultrasound plays a major role in this context [34].

Advanced skills in laparoscopic ultrasonography are

essential in overcoming the lack of tactile feedback pro-

viding for adequate assessment of the location of disease

and also detection of occult metastases. We do strongly

advocate its adoption to decrease the rate of intraoperative

margin re-resection or conversion to open.

Besides the satisfactory oncologic short-term results

herein disclosed, mid-term survival outcomes have been

evaluated in this series. Especially for CRLM, excellent

long-term results with open surgery have been docu-

mented, with several centres reporting 5-year OS over

50 % and open liver resection being referred to as the

standard of cure [32, 33]. In consideration of this, the bar

for laparoscopic approach has been set relatively high.

Nguyen et al. [30] recorded a 1- and 3-year OS of 88 and

69 %, respectively, on their multi-institutional series. More

recently, Geller et al. documented comparable results in a

meta-analysis including 242 laparoscopic liver resections

for CRLM (1- and 3-year OS of 95.4 and 72.7 % respec-

tively) [35]. Similarly, in this series 1- and 3-year OS

resulted 85.9 and 66.7 %, respectively, with a median OS

of 55 months (Fig. 1). When combined with results pre-

viously published by other centres, the survival rates herein

reported support the evidence that the oncologic efficiency

of laparoscopic liver resections for CRLM is not inferior to

open approach and can provide comparable survival out-

comes, even when concomitant colonic resection or mul-

tiple liver resections are performed.

The high rate of R1 resections for NETLM documented

in this study (42.1 %) is due to the cytoreductive intent of

surgery; in the majority of patients, surgery was performed

in the context of an aggressive multimodality strategy

including administration of somatostin analogues,

chemoembolization, radioembolization and chemotherapy.

In our experience, adequate selection of patients and

multidisciplinary team approach are advisable in this set-

ting, with resection being appropriate in the absence of

extra hepatic metastases, diffuse bilobar involvement or

compromised liver function, particularly for symptomatic

disease and low-grade tumours.

Liver metastases from solid non-colorectal and non-

neuroendocrine tumours are traditionally managed with

chemotherapeutic regimens and local therapies other than

surgery (i.e., ablative techniques, cryotherapy, transhepatic

arterial chemoembolization, stereotactic radiotherapy).

Indeed, the majority of patients who develop metastatic

liver disease are incurable, and palliative systemic treat-

ment is considered the most appropriate therapy [36, 37].

However, liver resection has been reported to be associated

with long-term survival improvement in appropriately

selected subsets of patients. In a systematic review of 19

studies involving 535 patients who underwent liver resec-

tion for metastatic breast cancer, median overall survival

resulted 40 months (23–77 months) and 5-year OS 40 %

[38]. In our experience, the decision to operate was made

on a case-by-case basis and directed by a multidisciplinary

team in the context of a multimodality strategy aimed to

explore all treatment options to improve survival. Ideal
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candidates had limited number of liver metastases, no

evidence of extra hepatic spread, long disease-free interval

and biologically indolent disease. In this series, survival

analysis performed on this subgroup of patients docu-

mented satisfactory outcomes, with 54.2 % of patients

being alive at the time of follow-up and 83.3 % 3-year OS.

In addition to oncologic adequacy, we have also docu-

mented several short-term benefits of laparoscopic

approach for liver resections. Intraoperative findings

compared favourably with other series reporting that

laparoscopic liver resections can be accomplished with

acceptable operative times, blood losses and conversion

rate [10–13]. In addition, patients herein included have

experienced a favourable postoperative course, as shown

by the relatively low morbidity rate (15.7 %) and postop-

erative length of stay (4 days) reported. These data are

even more favourable taking into consideration that

laparoscopic major hepatectomies and multiple concomi-

tant liver resections were highly represented in this series

(35.4 and 31.5 % respectively). These findings contribute

in supporting the evidence that the safety of laparoscopic

liver resections is not compromised even when technically

demanding procedures are performed, provided being

carried out by expert hands. In the modern context of

multimodality strategies for the management of metastatic

liver disease, faster recovery from surgery represents a

major advantage of laparoscopic approach, allowing an

early start of adjuvant treatments.

No randomized clinical trials into laparoscopic versus

open liver resection have been published so far. The ran-

domized Oslo-CoMet study (NCT01516710) has been

planned to provide level 1 evidence on laparoscopic versus

open resection for CRLM and is currently recruiting

patients [39]. Waiting for its results to be published, the

present study contributes with further evidence on this

topic. In conclusion, the laparoscopic approach represents a

safe and appealing option for patients affected by meta-

static liver disease elected to surgical resection, as can

provide significant perioperative benefits without compro-

mise of oncologic outcomes.
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