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Abstract

Background The aim of the study is to analyze the feasibility, the safety and short- and medium-term survival of totally
laparoscopic simultaneous resections (LSR) of colorectal cancer (CRC) and synchronous liver metastases (LM).

Methods This is a retrospective study of a single-center series. Patients ASA 1V, ECOG > 2, major hepatectomies (>3
segments), symptomatic CRC as well as low rectal tumors were excluded from indication. The difficulty level of all liver
resections was classified as low or intermediate according to the Iwate Criteria. Dindo—Clavien classification for postopera-
tive complications evaluation was used.

Results 15 Patients with 21 liver lesions were included. Laparoscopic liver surgery was performed first in every case. Median
size of the lesions was 20 mm (r 8-69). Major complications (Dindo—Clavien > 3) occurred in 3 patients (20%); median
hospital stay was 7 days (r 4-35), and only one patient (6.6%) was readmitted upon the first month from the surgery. 90-day
mortality rate was 0%. After a median follow-up of 24 months (r 7-121), disease-free survival at 1, 2 and 3 years was 58%,
36% and 24%, respectively; overall survival at 1, 2 and 3 years was 92.3%.

Conclusions In selected patients, LSR of CRC and LM is technically feasible and has an acceptable morbidity rate and
mid-term survival.
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Approximately 25% of colorectal cancers (CRC) show syn-
chronous liver metastases (LM) at diagnosis. Resection of

The use of laparoscopic resection techniques for colorec-
tal tumors and liver lesions has become the norm in the last

both tumor focus in combination with chemotherapy consti-
tutes the best therapeutic option and offers 5-year survival
rates of between 20 and 50% [1, 2]. Simultaneous resec-
tion (SR) is infrequent; however, in selected patients it has
proven to be a feasible procedure with results comparable to
those of two step surgery [3-7].
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two decades [8—11]. Laparoscopic liver surgery appears to
decrease intraoperative bleeding rates, the number of major
complications and the length of hospital stay with compara-
ble oncological outcomes [10, 12, 13]. In this context, some
groups have presented their initial experiences in laparo-
scopic simultaneous resection (LSR) of the primary tumor
and the LM [14-16], but the literature focusing on LSR is
scant as shown in a recent review [17]. Reports present a
small number of patients, usually between 7 and 50. More-
over, most of the LSR reports are usually highly selected
patients with a median of 1-2 resected liver lesions of a
median size of between 2 and 3 cm. Consequently, minor
resections account for 75-100% of the reported laparoscopic
liver resections. In the review, 30-day mortality was not con-
sistently reported and when studied, short- and mid-term
survival was comparable to that obtained after open resec-
tion [17]. Initial reports show that LSR in selected patients
is feasible and safe.
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We started the laparoscopic liver surgery program in
2007. In 2009 we carried out the first LSR: a left lateral
sectionectomy (LLS) with concomitant oncologic sigmoid-
ectomy. Since then, this surgical approach is indicated in our
center for selected patients. Herein we present our experi-
ence with LSR of CRC and synchronous LM with the aim to
demonstrate feasibility, emphasizing technical aspects and
those related to candidate selection and short- and medium-
term survival results.

Materials and methods
Study population and data collection

We carried out a retrospective analysis according to the
PROCESS guidelines [18] based on a single-center pro-
spective case series. LSR were performed between August
2009 and October 2019. Data were collected from the medi-
cal charts of the patients and informed written consent was
signed in all cases. The study was approved by the Institu-
tional Review Board at Cruces University Hospital.

In our protocol, patients with CRC and synchronous LM
are evaluated by a Multidisciplinary Committee, involving
hepato-pancreato-biliary (HPB) and colorectal surgeons,
anesthetists, pathologists, gastroenterologists, and medical
and radiation oncologists. Image techniques always include
triple-contrast full-body computed tomography combined
with Primovist® liver magnetic resonance imaging and/or
contrast-enhanced liver ultrasound with SonoVue®. The
combined laparoscopic approach is indicated in all patients
with CRC and synchronous LM excluding those with a pre-
anesthetic evaluation of ASA IV, poor performance status
(ECOG >2), need for major hepatectomies (>3 segments),
highly symptomatic CRC (obstruction, perforation, bleed-
ing) and/or low rectal tumors. Furthermore, since 2014 the
preoperative difficulty of liver resection has been assessed
using the Iwate Score Index [8] and every attempt is made
to avoid procedures entailing a greater than intermediate
risk. Prior to this date the difficulty of liver resections was
assessed retrospectively.

Routinely, neoadjuvant treatment is applied in cases with
locally advanced rectal carcinomas or those with high-risk
liver disease [19]. After surgery, all patients are re-evaluated
by a medical oncologist to determine if adjuvant therapy is
indicated.

We evaluated the demographic aspects of the patients,
the general characteristics of the CRC and the LM, the Iwate
Score, and the intraoperative aspects and postoperative
complications according to the Dindo—Clavien classifica-
tion [20]. Estimated overall survival (OS) and disease-free
survival (DFS) at 3 years were also calculated.

Description of the surgical technique

Once anesthetized, the patient is placed in the French posi-
tion. Both HPB and colorectal surgeons jointly decide on the
placement of the laparoscopic trocars, which generally do
not usually exceed a total of 5. The intraabdominal pressure
limit is set at 12 mmHg for both surgical procedures. The
intervention begins initially with the liver procedure, with
the patient in the anti-Trendelenburg position and working
at low central venous pressure which contributes to reduce
venous bleeding. Intraoperative ultrasonography (IUS) is
performed systematically. The intermittent Pringle maneuver
as described by Rotellar et al. [21] is performed selectively,
with a maximum duration of 15 min and 5 min of release.
For liver transection, harmonic shears or a bipolar vessel
sealer are used along with an ultrasonic dissector in some
cases, with a desirable resection margin of at least 1 cm. We
follow a liver parenchyma preserving policy. Once the lesion
is resected, it is placed in a retrieval bag. Subsequently, the
colorectal resection is performed according to the classic
oncological principles of high vessel ligation and medial to
lateral dissection including the entire mesentery or meso-
rectal excision in cases of anterior resection of the rectum.
Per protocol, no abdominal drainage is put in place for either
the hepatic or colonic resections while it is always used after
rectal surgery; however, the final decision always depends on
the surgeon’s criteria. Finally, both specimens are extracted
through the same incision used for the extraction of the colo-
rectal specimen.

Statistical analysis

Quantitative variables were described using the median and
range or the mean and standard deviation, while qualitative
variables were described with percentages. Patients survival
was estimated using the method of Kaplan—-Meier. DFS was
defined as survival from the date of the intervention to the
date of recurrence. Patients were censored if death occurred
from a cause other than tumor progression or if the patient
was alive at last follow-up.

Statistical analysis was performed using R (version 4.0.1).

Results

A total of 17 SLR were carried out during the study period.
One intervention was converted to laparotomy due to the
finding of peritoneal carcinomatosis, and cytoreductive sur-
gery was performed. Combined resection was completed
laparoscopically in 16 patients. In one case the pathologi-
cal result was liver adenoma and therefore this was also
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excluded. In sum, a total of 15 patients were finally included
in the study.

Table 1 Demographics and characteristics of the CRC and the LM

Age? (years) 63 (r41-79)
Male/female 9 (60)/6 (40)

ASA I/IIIMI/IV 0/9 (60)/6 (40)/0
ECOG 0/1/2/3/4 11 (73.3)/4 (26.6)/0/0/0
CEA > 6 ng/mL 8(53.3)

Primary tumor location

Colon/rectum 10 (66.6)/5 (33.3)
Cecal 1 (6.6)

Right colon 1 (6.6)

Left colon 3 (20)

Sigmoid colon 5(33.3)

High rectum 4 (26.6)

Middle rectum 1(6.6)

Site of liver metastases

Unilobar/bilobar 14 (92.4)/1 (6.6)

The demographics and the general characteristics of the
LM and the CRC are shown in Table 1. Median age was
63 years (range 41-79) and 9 patients (60%) were male.
Nine patients were considered to be ASA II (60%) and 6
ASA TII (40%). Four patients presented a performance status
assessment of ECOG 1 (26.6%). Median CEA was 6.2 ng/
mL (r 0.7-492). Regarding the distribution of the CRC, 10
tumors were located in the colon (66.6%) and 5 in the rectum
(33.3%). Neoadjuvant chemotherapy due to locally advanced
preoperative staging was indicated in the only patient with
the middle rectum tumor and in one of the four patients with
high rectal tumor.

In our patients, neoadjuvant treatment was not considered
for the liver disease as all patients were considered at low-
risk for recurrence [21]. In the preoperative assessment, 14
patients presented a solitary LM (93.3%) and 1 patient pre-
sented 3 lesions (6.6%). Using IUS, another four LM were
found, one in the patient who previously had three metasta-
ses and three in a patient with a solitary LM, thus making
a total of 21 lesions that were resected. The median size of
the tumors was 20 mm (r 8-69). Based on the evaluation
according to the Iwate Score, 5 patients (33.3%) scored >4

S-1 0 . . . . .
points (intermediate risk), and none fell into the advanced
S-11 1(6.6) .
ST 5(33.3) or expert risk groups (Table 2).
IV | 66' Surgical resections are presented in Table 3. They con-
oy ©6) sisted of an LLS, an anatomic resection of liver segment-VI,
S-IVb 0 . . .
and 13 non-anatomical resections. 11 of these 13 were sin-
SV 6 (40) . ) . .
SV 4066 gle metastasectomies, and in the other two patients multiple
S-VH | (66' ) metastasectomies were performed: one quadruple and one
S-VHI 3 (26) triple with which radiofrequency (RF) of a deep LM was
T o ( 20(( )8 69) associated. Intermittent Pringle clamping was practiced in 5
Numodr. size . nl;m) h ) (lg 3_) patients (33.3%), with an average time of 38.75 + 12.5 min.
coadjuvant © e.mo era,py ’ The median operative time was 300 min (r 180-410). All
T and N categories of primary tumor . .
resections were considered RO.
T1 0 . . . .
™ L66) The perioperative and postoperative results are shown in
3 9 (66) Table 3. 3 Patients (20%) presented major complications
(Dindo—Clavien > III) within 90 days of surgery: (1) 1 peri-
T4 5(33.3) . . . . .
hepatic fluid collection which was drained percutaneously,
NO 5(33.3) .- . .
NI 6 (40) (2) 1 biliary leak combined with pseudo-aneurysm of the
N 426.6) hepatic artery in an hemophiliac patient in whom angio-
i embolization was initially performed and subsequent lapa-
Number (percentage) rotomy was required to evacuate the hemoperitoneum, and
*Median (range) (3) 1 anastomotic leak in a rectal tumor that had received
Table 2 Difﬁcult}f of liver Difficulty index Difficulty level n (%) Surgery and tumor characteristics
resections according to the
Iwate Score <4 Points Low 10 (66) Single or multiple metastasecto-
mies in anterior liver segments
4 Points Intermediate 2(13.2) Metastasectomy in S-V, 31 mm
LLS, 39 mm in S-III
5 Points Intermediate 2(13.2) Metastasectomy in S-VII, 20 mm
Metastasectomy in S-VIII, 17 mm
6 Points Intermediate 1 (6.6) Segmentectomy-VI, 69 mm
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Table 3 Surgical resections,
perioperative and postoperative
results

CRC laparoscopic resections
Right hemicolectomy
Left hemicolectomy
Sigmoidectomy

Low anterior resection + subtotal ME
Low anterior resection + total ME

Liver laparoscopic resections
Metastasectomy
Unique
Quadruple
Triple + RF ablation
Left lateral sectionectomy
Segmentectomy-VI
Pringle maneuver
Duration® (min)
Operative time® (min)
Complications
Dindo—Clavien II
Dindo—Clavien Illa
Dindo—Clavien IIIb
ERAS completed
Hospital stay® (days)
30-day mortality
30-day readmission

2(13.3)
3(20)
5(33.3)
4 (26.6)
1 (6.6)

13 (86.6)

11 (73.3)

1(6.6)

1(6.6)

1(6.6)

1 (6.6)

5(33.3)

38.75+12.5

300 (r 180-410)

4 (26.6)

1 (6.6) Intraabdominal collection

1 (6.6) Perihepatic collection (IIla)
2 (13.3) Anastomotic leak, biliary leak
11 (73.3)

7 (r4-35)

0

1 (6.6)

Number (percentage)
ME mesorectal excision
“Mean + SD

"Median (range)

neoadjuvant chemotherapy, in which resection of the
anastomosis and terminal colostomy was performed. The
median hospital stay was 7 days (r 4-35). The Enhanced
Recovery After Surgery (ERAS) program was completed
by 11 patients (73.3%). Only 1 patient (6.6%) was readmit-
ted within 90 days of the surgery due to an intraabdominal
fluid collection which required only medical treatment. 13
Patients (86.6%) received adjuvant chemotherapy, of whom
nine completed the full course. One patient rejected this
option, and another patient was not a good candidate due to
his comorbidities.

After a median follow-up of 24 months (r 7-121), tumor
progression was observed in 10 patients (66%), with a median
time to recurrence of 14 months (r 2-33). Recurrence sites
included two cases in the liver, two in the lung, four in the
liver and lung, one in the mesenteric lymph nodes and one as
generalized peritoneal carcinomatosis (Table 4). DFS at 1, 2
and 3 years was 58%, 36% and 24%, respectively (Fig. 1A). Of
the 10 patients that presented tumor progression, 8 received
surgical rescue with curative intent. Liver re-resection was
accomplished in five patients, one of which consisted of a lapa-
roscopic LLS, while the rest underwent surgery using an open

technique. RF of a LM was also applied in one case, in com-
bination with the liver resection. The other three interventions
corresponded to two atypical lung resections and one lymph
node resection at the origin of the inferior mesenteric vein. In
a patient with small and diffuse pulmonary metastases, main-
tenance chemotherapy was indicated with persistent radiologi-
cal stability. The patient who presented generalized peritoneal
disease received chemotherapy and cytoreduction surgery with
hyperthermic intraperitoneal chemotherapy (HIPEC).

Two deaths occurred during follow-up, none of which
was related to malignant disease progression: the hemophil-
iac patient died at 5 months of a stroke, and the first patient
of the series, who had surgery in August 2009, died more
than 10 years later due to mesenteric ischemia. Both were
disease-free. OS at 1, 2 and 3 years was 92.3% (Fig. 1B).

Discussion
Approximately 25% of the patients diagnosed with colorec-

tal tumors present synchronous LM [1]. When possible, the
classic approach has been resection of the primary tumor
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Table 4 Short- and medium-term outcomes

Follow-up® (months) 24 (r 7-121)
Adjuvant chemotherapy 13 (86.6)
Completed chemotherapy 9 (60)
Recurrence 10 (66.6)
Time to recurrence® (months) 14 (r 2-33)
Recurrence sites
Liver 2(13.3)
Lung 2(13.3)
Liver+lung 4 (26.6)
Lymph node 1(6.6)
Peritoneum 1(6.6)
Surgical rescue® 8/10 (80)
Liver re-resection 5 (50)
Atypical lung resection 2 (20)
Lymphadenectomy completion 1(10)
Disease-free survival
1-year 58%
3-year 24%
Overall survival
1-year 92.3%
3-year 92.3%
Deaths 2 (13.3) Stroke

and mesenteric
ischemia

Number (percentage)
“Median (range)

Percentage referred to patients who presented tumor recurrence
(n=10)

first; however, the inverse approach—the liver first—has
been popularized in recent years for those patients whose
liver disease is a more crucial factor for patient outcomes
[22]. More recently, SR has shown comparable postopera-
tive and oncological outcomes in selected patients [4—7]. In
addition, SR may provide early access to adjuvant therapies,
psychological benefit for the patients and a reduction in costs
by avoiding a second procedure as long as a good selection
of the patients is made and major complications with a sub-
sequent extended hospital stay do not occur [9, 23]. In this
sense SR should be discouraged when major hepatectomy
or complex rectal surgery is needed because of a signifi-
cant increase in postoperative morbidity in these cases [5,
24].In 2015 an Expert Group on OncoSurgery management
of Liver Metastases (EGOSLIM group) recommended the
simultaneous approach in patients with colorectal tumors
requiring limited hepatic resection [25].

Laparoscopic liver surgery has developed during the
last two decades and currently almost all kinds of liver
resections can be performed in experienced units [11].
With regard to colorectal LM, recent studies have demon-
strated better results for the laparoscopic approach versus

@ Springer
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Fig. 1 Estimated patient survival. Disease-free survival (A). Overall
survival (B)

open surgery in terms of perioperative morbidity, transfu-
sion requirements and hospital stay with comparable OS
and DFS [12, 13]. Going one step further, a recent system-
atic review has analyzed four non-comparative studies of
LSR and eight comparative studies of LSR versus open
synchronous resections [17]. In this review by Moris et al.,
the results of LSR were comparable to open resections
in terms of postoperative complications and both OS and
DFS. In accordance with most reports, optimum patient
selection for LSR is paramount to achieve good results.
Minor liver resection comprised between 75 and 100%
of the patients included in the different studies, with a
median number of hepatic lesions between 1 and 2 with
a median maximum size of 2.5 to 4 cm [17]. In addition,
all liver resections were minor in a recent multicenter pro-
pensity score study of 61 patients with LSR, and a 69%
rate of solitary lesions and a tumor size <3 cm in 78%
of the patients [26]. In this study, outcomes after LSR
were comparable to those obtained in a control group of
laparoscopic CRC resection demonstrating that LSR can
be safely performed without increasing the risk of post-
operative morbidity compared to laparoscopic colorectal
surgery alone.
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In our center, we have followed a strict selection policy
for LSR, avoiding complex liver or colorectal resections.
This policy is similar to that we used for simultaneous open
surgery prior to the laparoscopic era. All the patients in our
series were treated with minor liver resections. Tumors were
solitary in 87% of cases with a median size of 2 cm. Accord-
ing to the Iwate Scoring System, none of our patients scored
more than 6 points and therefore all could be included in the
low and intermediate levels of difficulty. Multiple tumors
were treated with multiple metastasectomies and laparo-
scopic ablation following our policy of preferring paren-
chyma preserving procedures. Furthermore, rectal surgery
comprised only one third of the colorectal procedures with
no cases of low rectal tumor. In this scenario, no interven-
tion was converted to open surgery and the overall com-
plication rate was 26.6% with an incidence of Dindo—Cla-
vien >3 complications of 20% and a zero 90-day mortality
rate. These results are comparable to those reported by other
authors. Van der Poel et al. reported a 15% incidence of
Dindo—Clavien >3 complications and no 30-day mortality
[26]. In the review by Moris et al., the overall complication
rate after LSR was 7-35% with a rate of Dindo—Clavien >3
complications of 8.5-12.5% [17]. In most of the studies, no
significant difference was seen in the complication rate when
compared with open synchronous surgery.

Administration of neoadjuvant chemotherapy in patients
with CR liver metastases is a matter of debate. While sur-
vival benefits have been observed in high-risk patients after
neoadjuvant chemotherapy, upfront surgery is an accepted
option in low-risk patients such as ours with metastases lim-
ited in number and size [27, 28]. On the other hand, two
of our patients received neoadjuvant chemotherapy due to
locally advanced preoperative staging of the rectal tumor.
This circumstance makes our series heterogeneous relating
oncological therapy and might impact survival; however,
these patients were maintained in the study as our primary
aim was to demonstrate feasibility emphasizing technical
aspects and those related to candidate selection. Regarding
adjuvant treatment, there is no strong evidence to support
its use in patients with favorable oncological and surgical
criteria after liver resection; however, adjuvant treatment is
recommended in patients who have not received any previ-
ous chemotherapy. In our series, all patients were indicated
to receive adjuvant chemotherapy.

DFS in our study was 58% and 24% at 1 and 3 years,
respectively. We recognize that our DFS rate could be
improvable; however, it is comparable to that obtained by
other authors after LSR. Recently, Chen et al., in a single-
center experience of 16 cases with LSR, reported an 85%
OS at 3 years with a DFS of 56% and 35% at 1 and 3 years,
respectively [29]. In another report, Xu et al. also showed
a 36.6% 3-year DFS in a cohort of 20 LSR [30]. Overall,
DFS rates after LSR compare well with those reported after

metachronous surgery. De Jong et al. in a multi-institutional
analysis of 1669 patients undergoing open surgery for colo-
rectal LM with curative intent found a DFS rate of 69.2%
and 37.7% at 1 and 3 years, respectively [31]. Moreover, a
3-year DFS of 30.4-40% has been reported after laparo-
scopic liver resection of metachronous colorectal metastases
[12, 13]. The liver-first strategy is another therapeutic option
to be considered in patients with synchronous colorectal
liver metastases. This reverse approach initially proposed
by Mentha et al. is currently indicated in patients with more
oncologically advanced disease and a poorer prognosis,
while combined resection for simultaneous primary colo-
rectal tumor and liver metastases is recommended only for
patients who require a limited hepatic resection [32, 33]. The
liver-first approach achieves a 3-year DFS of 30—42.2% [34,
35]. Noteworthy, no difference in survival has been dem-
onstrated in patients with synchronous colorectal metasta-
ses managed by either synchronous, liver-first or classical
approach [36-38].

In contrast with the DFS, the 3-year OS of 92.3%
observed in our study was remarkable compared with that
already published for the combined open surgery and the
liver-first strategy: 60—70% and 48-79%, respectively [35,
39, 40]. We believe that this high OS may be related to sev-
eral specific factors: (1) the strict selection policy for com-
bined surgery, (2) our policy in favor of parenchymal sparing
techniques in liver surgery for LM and, (3) the aggressive
attitude for salvage surgery of recurrent disease followed
in our unit. In fact, 8 out of the 10 patients who developed
recurrence in our series underwent surgery with curative
intent.

Regarding the technical aspects, we prefer starting with
the liver resection because this sequence allows us to use the
incision performed during the colorectal surgery to extract
both specimens. Of note, in our selected patients, surgical
time is usually short for liver resections and the Pringle
maneuver is always intermittent though randomly used,
therefore reducing possible splenic congestion. In fact, the
intermittent Pringle maneuver was used in only one third of
the patients for a mean time of 38 min. Median total opera-
tive time was 300 min, which compares well to that reported
in the literature for open synchronous resection [41]. We
believe that good planning of the surgical procedure with
the colorectal team in terms of trocar position and timing is
essential to perform LSR.

We recognize some limitations to our study. It is retro-
spective and the number of patients is limited. Our study
does not have a comparative group; however, this is so
because all the potential candidates for simultaneous sur-
gery are assessed to undergo laparoscopic surgery according
to our selection criteria. Open resection is indicated only in
those patients who do not fulfill those criteria and thus, both
groups cannot be compared. In addition, median follow-up
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is only 2 years and this does not allow us to report long-term
outcomes. Nevertheless, the literature relating to this novel
surgical approach is scarce and most reports are limited, sin-
gle-center, retrospective and non-comparative experiences,
therefore, leading to limitations for the generalization of the
procedure [27]. We believe that our experience may add to
the current knowledge on LSR.

In summary, simultaneous resection of the primary colo-
rectal tumor and synchronous liver metastases is feasible and
safe in selected patients with postoperative morbidity lev-
els and oncological outcomes comparable to those of open
combined surgery. Prospective studies with larger series and
longer follow-up are needed to confirm these initial find-
ings. Data from international registries such as the European
Registry of Minimally Invasive Surgery would be of help to
achieve this goal.
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