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Surgical outcome of extended liver resections for colorectal
liver metastasis compared with standard liver resections
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Abstract. Colorectal liver metastatic lesions sometimes
invade adjacent organs. A hepatectomy is often extended
to include the involved adjacent organ to achieve negative
surgical margins. The purpose of the present retrospective
study was to evaluate the surgical outcomes of extended liver
resections and patients' prognoses. The medical records of
178 patients with colorectal liver metastasis who underwent
liver resections in the Department of Gastroenterological
Surgery at Osaka University Hospital (Suita, Japan), from
2000 to 2015 were reviewed. These patients were divided
into two groups: the extended resection group (n=20) and the
non-extended resection group (n=158). The disease-free and
overall survival curves were estimated with the Kaplan-Meier
method and analyzed with the log rank test. It was observed
that the extended resection group had longer operation times
and increased blood loss, however perioperative morbidity
was similar. The organs resected most frequently were the
diaphragm (n=10) and inferior vena cava (n=5). Overall survival
rates in the extended resection group were lower compared
with the non-extended resection group (5-year survival rates;
45.0 vs. 67.9%), however the difference was not significant. It
was indicated that the aggressive hepatectomy combined with
resection of adjacent organs was an acceptable treatment with
low perioperative morbidity. The overall survival rate may not
be inferior to that of simple hepatectomy.
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Introduction

The incidence of colorectal cancer has increased 4-fold
over the last 25 years in Japan. A recent study showed that
25% of patients with colorectal cancer had distant disease at
diagnosis. The most common site of distant metastases was
liver. During the natural course of colorectal carcinoma,
liver metastasis develops in about half of the patients, and
metastatic liver tumors are responsible for death in about
two-thirds of those patients (1). For patients with untreated
liver metastasis, the median survival is reported to be around
8 months (2). Recently, impressive development in systemic
chemotherapy has improved the clinical response and survival
rates of patients with colorectal liver metastasis. Nevertheless,
it remains shorter than survival of patients who received
curative resections. Therefore, when hepatic metastatic
lesions are diagnosed as resectable, hepatectomy is the first
treatment modality (3,4). Although the rate of cure with the
initial hepatic resection is <25% (5), the 5-year survival rate
of patients treated with complete resections of liver metastases
was reported to be 40-50% (6,7).

For patients with colorectal liver metastasis involving
adjacent organs, hepatectomy combined with a resection of
the involved adjacent organ is selected to achieve negative
surgical margins. Adjacent organs involved with metastatic
liver tumors are mainly the diaphragm and inferior vena
cava (IVC). Previously, a liver resection with a simultaneous
diaphragm excision was associated with a greater incidence
of perioperative morbidity and a significantly worse long-
term outcome than liver resection alone (8,9). In addition, the
only treatment modality for curing a primary or metastatic
liver tumor that invaded IVC was an aggressive hepatectomy
combined with resection and reconstruction of IVC, which
is a challenging treatment with high morbidity and mortality
rates (10,11).

Recently, surgical techniques have been developed (12,13),
and recent advances in combination chemotherapy have
improved patients' survival. To our knowledge, few previous
reports have studied short and long-term outcomes of patients
who received a hepatectomy combined with resection of an
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adjacent organ for treating colorectal liver metastasis. In this
study, we compared patients' characteristics between two
groups: the extended liver resection group, which included
patients that received a hepatectomy combined with resection
of adjacent organs, and the non-extended resection group,
which included patients that received a simple hepatectomy.
We also evaluated the surgical outcomes and prognosis of
patients that received extended liver resections.

Patients and methods

Patients. Between February 2000 and November 2015,
190 patients with a diagnosis of colorectal liver metastasis
were treated with a liver resection in the Department of
Gastroenterological Surgery at Osaka University Hospital.
Written informed consent to receive perioperative manage-
ment and surgery was obtained from all patients. The
inclusion criteria were follows; the patients of colorectal liver
metastasis who received a liver resection and elective surgery.
The exclusion criteria were as follows: emergency or urgent
surgery; viable metastatic lesion in the remnant liver after the
resection and missing details in the medical records. Patients
who met at least one of these exclusion criteria were excluded.
The patients underwent routine pre-operative imaging studies,
including enhanced chest and abdomen computed tomog-
raphy (CT), superparamagnetic iron oxide magnetic resonance
imaging (MRI), and angiography. More recently, patients
have been assessed with multiphasic dynamic CT, with
ethoxybenzyl MRI, and 18F-Fluorodeoxyglucose positron
emission tomography (FDG-PET), without angiography. Out
of 190 patients with colorectal liver metastasis, twelve patients
were excluded for further analysis; of these, seven patients had
viable metastatic lesions in the remnant liver after the liver
resection, and five patients had missing details in the medical
records. Consequently, 178 eligible patients were included in
the final analysis.

The 178 patients were divided into two groups: the
extended resection group (n=20) and the non-extended resec-
tion group (n=158). We defined a non-extended resection as a
hepatectomy alone, and an extended resection as a liver resec-
tion combined with a resection of adjacent organs that were
directly invaded by the metastatic lesions of the liver. These
two groups were analyzed and compared for clinical features,
including sex, age, body weight, number of resections, timing
of metastasis (Synchronous or metachronous), tumor number,
neoadjuvant therapy, distribution of hepatic lobes, Child-Pugh
score, tumor size, stage of primary colorectal carcinoma
(based on the International Union Against Cancer, 7th edition),
adjuvant chemotherapy, usage of molecular targeted drugs in
perioperative chemotherapy and the conversion cases from the
unresectable liver metastasis to the resectable liver metastasis
by intense systemic chemotherapy. The perioperative chemo-
therapy was defined as neoadjuvant chemotherapy and adjuvant
chemotherapy in this study. Two groups were also compared
for surgical outcomes, including operation time, blood loss,
blood transfusion volume, resected liver weight , postoperative
complications, histology, and postoperative hospital stay. The
surgical curability of the resection was categorized as follows:
RO indicated that all gross disease was removed and the
margins were histologically free of disease; R1 indicated that
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all gross disease was removed but the margins were histologi-
cally positive for disease; and R2 indicated that some residual
gross disease remained after the resection (14). Complications
were graded according to an extension of the Clavien-Dindo
classification of surgical complications, known as the Japan
Clinical Oncology Group postoperative complications criteria.
This system describes complications more precisely than the
original Clavien-Dindo classification criteria (15,16).

Operative procedure and follow-up. For each patient, the
operative procedure was determined based on an extensive,
preoperative evaluation of the primary tumor location and the
extent of invasion into adjacent organs. When an invasion was
detected, resection of the primary tumor was accompanied by
aremoval of the involved adjacent organ. A lymphadenectomy
was not performed, unless obvious findings of lymph node
metastasis were observed in the preoperative radiological
examination and confirmed during the operation. For each
organ removed, both cut ends were examined by preparing
frozen sections for histological analysis. Furthermore, micro-
scopic examinations confirmed the final diagnosis of the
surgical margin and the presence of invasion into extrahepatic
adjacent organs.

After discharge from the hospital, patients had been
followed at least for 5 years. Follow-up included a radiological
examination with CT or MRI every 6 months and a check
for blood test every 3 months. After the liver resection, up to
2003, selected patients received adjuvant treatment with trans-
catheter hepatic infusion chemotherapy. After 2003, systemic
chemotherapy was provided in a clinical trial setting.

Statistics. All data are expressed as the meanztstandard devia-
tion. Statistical differences between groups were analyzed
with the Mann-Whitney U test (continuous variables) or
the chi-square test (categorical variables). Disease-free
survival and overall survival curves were estimated with the
Kaplan-Meier method and analyzed with the log rank test.
All statistical analyses were conducted with JMP@11 (SAS
Institute Inc., Cary, NC, USA). P-values <0.05 were considered
as statistically significant. This retrospective study protocol
was approved by the institutional reviewer board of the Osaka
University Graduate School of Medicine. (No. 15145)

Results

One hundred seventy-eight patients received liver resections.
There were 89 synchronous metastases and 89 metachronous
metastases. Ninety-four patients had a single metastasis and
84 patients had multiple metastases. For the synchronous
metastases, 53 patients were treated with resections of both
the primary colorectal cancer and the metastatic liver tumor in
one operation; the other 36 patients were treated with a resec-
tion of the primary lesion in first operation and resection of
the metastatic lesion in a second operation. There are eight
conversion cases from the unresectable liver metastasis to the
resectable cases; two cases in the extended resection group and
six cases in the non-extended resection group. Table I showed
the characteristics of all 178 patients in the extended and the
non-extended resection groups. The groups were well-matched
in terms of sex, age, body weight, Child-Pugh score, tumor
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Table I. Patient characteristics in liver metastasis.
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Variables Types Non-extended (n=158) Extended (n=20) P-value
Sex Male 101 12 0.8067
Female 57 8
Age (years) 63.6+0.8 63.5£2.4 0.9590
Body weight (kg) 58.5+0.8 58.8+2.6 0.9076
Number of resections First 156 15 0.0002
Repeated 2
Timing of metastasis Synchronous 84 5 0.0306
Metachronous 74 15
Tumor number Single 82 12 0.6357
Multiple 76 8
Neoadjuvant therapy Yes 55 9 0.4591
No 103 11
Distribution in hepatic lobes Unilobar 109 13 0.7992
Bilobar 49 7
Child-Pugh score A 156 19 0.3021
B 2 1
C 0 0
Tumor size (mm) 33.0+1.8 40.9+5.2 0.1632
Stage (primary tumor) I 5 3 0.0762
11 30 5
1 29 5
v 88 5
Unknown 6 2
Adjuvant chemotherapy Yes 103 14 0.7463
No 55 4
Unknown 0 2
Bevacizumab in Yes 16 2 1.0000
perioperative therapy No 142 18
Cetuximab in
perioperative therapy Yes 3 2 0.0977
No 155 18
Panitumumab in
perioperative therapy Yes 3 2 0.0977
No 155 18
Conversion case Yes 6 2 0.2224
No 152 18

size, and stage of colorectal carcinoma. There is a significant
difference in the proportion of synchronous or metachronous
metastases (P=0.0306). As to the number of resections,
patients who received repeated liver resections were more
frequently observed in the extended resection group than in
the non-extended resection group (P=0.0002). The two groups
showed no significant differences in the proportions of single
or multiple tumors, unilobar or bilobar distributions in hepatic
lobes, the presence of perioperative chemotherapy ,the uase
of molecular targeted drugs (bevacizumab, cetuximab and
panitumumab) in perioperative chemotherapy. There are eight
conversion cases from the unresectable liver metastasis to the

resectable cases; two cases in the extended resection group and
six cases in the non-extended resection group, although there
was no significant difference between the extended group and
non-extended group (P=0.2224).

Table I showed the surgical outcomes of liver resections
in the two groups. The mean duration of the operation was
significantly longer in the extended resection group (414 min)
than in the non-extended resection group (308 min; P=0.0103).
The volume of blood loss in the extended resection group
was significantly greater than that in the non-extended group
(P=0.0272), but the increased blood loss did not influence the
postoperative course or the length of the postoperative hospital
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Table II. Surgical outcomes of liver resections.
Variables Types Non-extended (n=158) Extended (n=20) P-value
Operation time (min) 307.8+13.0 414.1£36.0 0.0103
Blood loss (ml) 642.2+81.8 2025.0+573.8 0.0272
Blood infusion (ml) 127418 8261528 0.0100
Resected liver weight (g) 159.4+17.1 211.2439.2 0.2385
Postoperative complication Yes 24 2 1.0000
No 134 18
Histology tub1/2 143 19 0.6113
por 4 0
others 7 0
Unknown 4 1
Postoperative hospital stay (days) 24.1+14 23.8+2.5 0.9247

por, poorly differentiated adenocarcinoma; tub1, well differentiated type tubular adenocarcinoma; tub2, moderately differentiated type tubular

adenocarcinoma.

stay, which were similar between the groups. Moreover, the
resected liver weight was not significantly different between
groups. In both groups, most patients received an RO resec-
tion; RO resection rates were 90% in the extended resection
group and 95% in the non-extended resection group. Among
all patients, there were nine R2 resection cases due to lung
metastasis. Postoperative complications were observed in 26
patients, including 24 patients (15.2%) in the non-extended
resection group and 2 patients (10.0%) in the extended resec-
tion group. No mortality case occurred in either group.

Concerning about complications, there were 23 patients
with postoperative complications. Of the two patients in the
extended resection group with postoperative complications,
one had wound infection (grade I11a) and one had bile leakage
(grade IIla). In the non-extended resection group, half the
complications (n=12) were wound infections (n=7 grade I, n=1
grade II, and n=4 grade IIla). Three patients had bile leakage
(grades I, I1, and IlTa). Four patients had a paralytic ileus after
the hepatic resection (grade I, grade II, and 2 grade Illa);
one patient with a grade IIIb intestinal obstruction required
a re-operation.Two patients had intra-abdominal abscesses
(grades II and IIla). Two patients had ascites (grade II). One
patient with a grade II pulmonary embolism required antico-
agulant therapy with warfarin. One with a grade II urinary
tract infection and one with drug-induced erythema multi-
form. Three patients developed two complications; thus, these
patients were counted twice.

The organs resected in the extended resection group was
shown in Table III, and ten patients had metastatic lesions that
invaded the diaphragm, and they received the extended resec-
tion of the diaphragm and with a direct closure; no patients
required an artificial patch to repair the diaphragm. Five
patients received combined resections of IVC. Of these, three
patients received continuous suture repairs, and two patients
needed reconstructions with ringed polytetrafluoroethylene
(PTFE) tube grafts. Three patients received combined resec-
tions that included the bile duct. One patient received a direct
duct closure, and did not require an anastomosis. Another

Table III. Organs of extended resection.

Organs n

Diaphragm 10
Inferior vena cava
Bile duct

Hepatic vein
Adrenal gland
Small intestine
Pericardium
Abdominal wall

[ VY )

patient received a bile duct reconstruction with an end to end
anastomosis of each bile duct. In two patients, the bile duct
resections were combined with a hepaticojejunostomy and a
Roux-en-Y anastomosis. Other organs resected included the
right hepatic vein, adrenal gland, small intestine, pericardium,
and abdominal wall. Three patients received resections of
multiple adjacent organs; thus, these patients were counted
multiple times.

In the non-extended resection group, 149 patients received
RO resections, but 86 had tumor recurrences. Tumor relapses
were observed in the remnant liver (n=23), in an extra-hepatic
organ (n=30), or in both (n=30). In the extra-hepatic organs,
most frequent organ was lung (n=33) and secondly lymph
nodes. In the extended resection group, 12 patients had tumor
recurrences after RO resections. Of these, 7 affected the
remnant liver, 3 affected extra-hepatic organs, and 2 affected
both. Lung metastasis was frequently observed in the extended
resection group (n=3). Recurrences at the surgical margin were
found in 3 patients in the non-extended resection group, and
only one patient in extended resection group. There was no
significant difference about local recurrence between two
groups (P=0.2170). About treatments for the recurrence after
hepatectomy, surgical resections were performed in 5 cases
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Figure 1. (A) Disease-free survival curves for patients that received non-extended resections and extended resections for treating liver metastases of colorectal
cancer. The 1-year, 3-year, and 5-year disease-free survival rates were 35.6, 17.8 and 17.8% in the extended resection group, and 60.9, 36.3 and 33.8% in the
non-extended resection group. (B) The overall survival curves for patients that received non-extended resections and extended resections. The 1-year, 3-year,
and 5-year overall survival rates were 95.5, 80.7 and 67.9% in the non-extended resection group, and 100, 67.5 and 45.0% in the extended resection group.

A
1.0 7
1 year:61.8 vs.45.6%
0.8 - 3year:37.2vs.31.3%
’ 5 year:34.7 vs.23.5%
g 0.6 7 ' Non-extended resection group
g :
S 0.4 7 femmmmaaaTT memmmmmmmm———
;’,g’ | Extended resection group F—
2 I
2 02 1
p=0.6524
0.0 1 T 1
0 2 4 6

Years

1.0 7 p=0.9167
Non-extended resection group
0.8 7 '
lesssssassnns,
= Extended resection group :______________.
2 06 7
g0
E
g 0.4 1 year:95.5 vs. 100%
o] 3 year: 80.8 vs.74.6%
. 0,
02 1 5 year: 68.0 vs.63.9%
0.0 T T T 1
0 2 4 6
Years

Figure 2. the survival periods from the first hepatectomy. (A) Disease-free survival curves from the first hepatectomy in two groups. The 1-year, 3-year, and
5-year disease-free survival rates were 45.6,31.3 and 23.5% in the extended resection group, and 61.8%, 37.2%, and 34.7% in the non-extended resection group.
(B) The overall survival curves from the first hepatectomy. The 1-year, 3-year, and 5-year overall survival rates were 95.5, 80.8 and 68.0% in the non-extended

resection group, and 100, 74.6 and 63.9% in the extended resection group.

in extended resection group and 33 patients in non-extended
resection group. A total of 4 patients in extended resec-
tion group and 49 patients in non-extended resection group
were treated with systemic chemotherapy. Three patients in
extended resection group and 4 patients in non-resection group
were supported by best supportive care. We could not follow
2 patients in non-extended resection group about treatment
after recurrence. There was no significant difference in the
treatment for the recurrence after hepatectomy in two groups
(P=0.20406).

Fig. 1 showed the disease-free survival curves and overall
survival curves for both groups. The median disease-free
survivals were 1.5 years in the non-extended resection group
and 0.8 years in the extended resection group. The 1- and
3-year disease-free survival rates were 60.9 and 36.3% in
the non-extended resection group, respectively, and 35.6 and

17.8% in the extended resection group, respectively. Although
the difference of rates was not significant (P=0.1338), the
disease-free survival rates in the extended resection group
tended to be lower than in the non-extended resection group.
The 3- and 5-year overall survival rates were 80.7 and 67.9%
in the non-extended resection group, respectively, and 67.5%
and 45.0% in the extended resection group, respectively. The
overall survival rates in extended resection group were not
inferior to those in the non-extended resection group,and the
difference between two groups was not significant (P=0.4887).

In the extended resection group, the patients with the
repeated resection were significantly frequent as shown in
Table I. Fig. 2 showed the disease-free survival curves and
overall survival curves of both groups from the timing of
first hepatectomy. The 1-year, 3-year, and 5-year disease-free
survival rates for the extended resection group were
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45.6,31.3 and 23.5%, and for the non-extended resection group
were 61.8,37.2 and 34.7%, respectively. These disease survival
rates were not significant (P=0.6524). The 1-year, 3-year, and
5-year overall survival rates were 95.5, 80.8 and 68.0% in the
non-extended resection group, and 100, 74.6 and 63.9% in
the extended resection group. These survival rates were not
significant (P=0.9167).

Discussion

When colorectal liver metastasis involves an adjacent organ, a
hepatectomy combined with resection of the involved adjacent
organ is required for macroscopic curative resection. It is
important to obtain negative surgical margins, because a posi-
tive margin after resection of hepatic colorectal metastases was
reported to be associated with increased risk of local recur-
rence (17). In this study, we analyzed the characteristics and
surgical outcomes of patients with colorectal liver metastasis
that received a hepatectomy combined with the resection of
involved adjacent organs. Among the resected adjacent organs,
half involved the diaphragm and one fourth involved IVC.

Previous studies focused on the diaphragm and IVC when
evaluating perioperative morbidity and mortality associated
with a hepatectomy combined with resection of adjacent organs.
Around 2010, several authors reported that liver resections
combined with a simultaneous diaphragm excision resulted
in high morbidity (44%) but relative low mortality (3-7%)
compared to a liver resection alone for advanced colorectal
liver metastases (8,9). In contrast, conscerning about hepatec-
tomy combined with a IVC resection, several studies reported
high morbidity and mortality (40-43 and 8-11% respec-
tively) (11,18,19). Those findings suggested that a hepatectomy
combined with a diaphragm resection required additional
attention to postoperative complications, but it could be safely
conducted currently. In contrast, a hepatectomy combined with
IVC resection remains a challenging procedure due to the high
risk of mortality. In our study, the perioperative morbidity was
low (10%) in the extended resection group, and no mortality
cases were observed. The recent advances in surgical tech-
niques and perioperative management might explain the low
perioperative morbidity and no mortality case in the present
study.

Previous studies reported that patients with liver metastases
who received a curative resection had a 5-year survival rate of
35-58% (6,7). On the other hand, for patients with unresectable
liver metastases, the median overall survival was 18-36 months
with systemic chemotherapies or hepatic arterial infusion
chemotherapy plus systemic chemotherapy (20,21). Thus,
hepatectomy is the first recommendation for patients with
colorectal liver metastasis lesions. Only a few studies have
reported on long-term outcomes for a hepatectomy combined
with either a diaphragm excision or IVC resection. Lordan ez al
reported that a liver resection with a simultaneous diaphragm
resection had a worse long-term outcome than a liver resection
alone (5-year overall survival rate, 19.6 vs. 62%; 3-year disease-
free survival rate, 22.1 vs. 50.7%, respectively (8). However,
those authors stated that the prognosis for an extended
resection was superior to chemotherapy alone. Similarly, in
2012, Li et al reported that patients that received a hepatectomy
combined with diaphragm resections for treating colorectal
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liver metastasis had unfavorable survival rates compared to
those with no diaphragm resection (9). About hepatectomy
combined with resection of IVC, Miyazaki et al reported a
survival rate of 33% at 3 years after aggressive surgery for
colorectal liver metastasis involving IVC in 1999. They
concluded that aggressive surgical approaches might provide a
favorable outcome in selected patients (22). In 2004, Aoki et al
reported that, among patients with metastatic liver tumors
from colorectal cancer, patients that received IVC resection
or a hepatic venous confluence reconstruction had shorter
survival rates than patients without IVC reconstructions (23).
From these reports, patients who received a hepatectomy
combined with a diaphragm excision or IVC resection had
long-term outcomes that were inferior to those of patients that
received a hepatectomy alone. In this study, we demonstrated
that the survival curves in two groups were overlapped and
the differences were not significant. And the 3-year and
5-year survival rates in the extended resection group in our
cohort were 68% and 45%, and the rates were suprerior to the
previous reports.

A total of 8 of 20 patients (40%) in our series showed path-
ological invasion of an adjacent organ in this study. Currently,
most institutions conduct a preoperative examination with CT
and MRI, and these imaging modalities have been improved;
nevertheless, it remains difficult to determine whether a hepatic
tumor has invaded an adjacent organ or not. Previously, the rate
of proven pathological invasions into adjacent organs associ-
ated with colorectal liver metastasis has ranged from 15 to
44% (8,24), and the rate of confirmed pathological invasions in
this study was within that range. Previous studies have identi-
fied several indicators for supporting a preoperative diagnosis
of invasion into an adjacent organs (24-26). Despite recent
radiological advances, it remains difficult to evaluate whether
a hepatic tumor has invaded an adjacent organ. We consider
that it is necessary to perform a hepatectomy combined with
resection of the involved adjacent organ to achieve negative
surgical margins for colorectal liver metstasis when there is
a strong suspicion that a hepatic tumor has invaded an adja-
cent organ. Additionally, evaluating the prognosis between
the pathologically invasion-positive proup and the invasion-
negative group, there was no significant difference in overall
survival and disease-free survival rates in this study. When
RO resection was achieved, it was supposed that the presence
of pathological invasion to adjacent organ of colorectal liver
metastasis might not influence to the prognosis after hepatec-
tomy.

In this study, the disease-free survival rates and overall
survival rates from hepatectomy in extended resection
group was inferior to these in non-extended resection group.
However, the patients in extended resection group received the
repeart hepatectomy more frequently compared with those in
non-extended resection group (25 vs. 1.3%, P=0.0002). This
high rate of the repeated resection might influence the disease-
free survival and overall survival rate in extended resection
group. With analysis of the survival periods from the first
hepatectomy in both groups, there was no difference in both
the disease-free survival and the overall survival rate between
two groups as shown in Fig. 2.

There is some limitations in this study. Main limitation was
that it was conducted in only one institution, and the extended
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group comprised a small number of patients. A larger number
of patients might be needed to draw firm conclusions about the
long-term outcomes of hepatectomy combined with a resec-
tion of adjacent organs for treating colorectal liver metastasis.

In conclusion, we showed that the surgical outcome of a
hepatectomy combined with adjacent organ resection was
acceptable with low perioperative morbidity although this
aggressive operation increased the operation time and the
blood loss compared to a hepatectomy alone. We found that the
overall survival of the hepatectomy combined with an adjacent
organ resection might not be inferior to that of a hepatectomy
alone.
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