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Abstract Hepatectomy may be the only treatment modality
for the cure of colorectal liver metastasis. However,
whether to perform nonanatomical resection or anatomical
resection remains unclear. Original articles in English on
liver metastasis, including reports that dealt with case series
of more than 50 curative hepatectomies, were reviewed, and
the current status of surgical treatment for colorectal liver
metastasis was summarized, with a special emphasis on the
relevance, indications, and outcomes of anatomical hepate-
ctomy. Anatomical hepatic resection was performed in 63 %
of the patients. For patients who were treated by curative
hepatectomy, including both anatomical and nonanato-
mical resection, the morbidity rates, mortality rates, 5-year
survival rates, and rates of hepatic recurrence were 23%,
3.3%,34%, and 41.2%, respectively. In 73 articles that each
analyzed more than 50 patients treated with potentially
curative hepatectomy, the incidence of anatomical resec-
tion exceeded 50% in 56 series, while anatomical resection
was performed in fewer than 50% of the patients in 17
series. A comparison between these two groups naturally
revealed a remarkable difference in the incidence of ana-
tomical resection (72% versus 34%), but no difference in
terms of morbidity; mortality; survival rates at 3, 5, and
10 years; or rate of hepatic recurrence. The profile of liver
metastasis related to prognosis was generally advantageous
to patients treated with nonanatomical resection, and this
may have nullified the survival advantage of anatomical
hepatectomy over nonanatomical resection. Anatomical
resection provides a higher probability of coresecting
microscopic invasions that are predictable but undetect-
able, and can be recommended as a standard procedure for
locally advanced metastatic liver cancer.
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Introduction

There has been remarkable progress in the treatment of
metastatic liver cancer during the past four decades.
Woodington and Waugh' treated patients with colorectal
liver metastasis by hepatectomy and, in 1963, reported a 5-
year survival rate of 20%, although these data apparently
came from a highly selected population of patients. In 1967,
Flannagan and Foster’ attained a 5-year survival rate of
26% with 45 patients with colorectal liver metastasis. In
1967, Wilson and Adson,’ of the Mayo Clinic, reported that
8 of 54 patients with colorectal liver metastasis survived
disease-free for 10 years after hepatectomy. In 1986, Butler
et al.,* of Memorial Sloan-Kettering, claimed 5-year and 10-
year survival rates of 26% and 21%, respectively, for a
series of 62 patients who underwent resection of liver me-
tastasis from colon cancer, and demonstrated for the first
time that colorectal liver metastasis was actually a curable
disease. Since then, the 10-year survival rates have been
reported’'” to be in the range of 20% to 42%. D’ Angelica et
al.” analyzed 96 patients who survived for more than 5
years, and concluded that disease-free survival for 5 years
after liver resection most likely implies cure.

Given these encouraging data, there is little doubt that
surgical resection is the only treatment modality for
colorectal liver metastasis with solid evidence for a reason-
able possibility of cure. However, whether to perform
nonanatomical resection or anatomical resection for this
disease entity remains controversial.

Methods

An electronic search of the Medline Database was under-
taken, using the search terms of “hepatectomy or liver re-
section”, “colorectal cancer”, and “liver metastasis”. Here,
original articles in English on liver metastasis that dealt
with case series of more than 50 curative hepatectomies are

reviewed, and the current status of surgical treatment for
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colorectal liver metastasis is summarized, with a special
emphasis on the relevance, and indications, and outcomes
of anatomical hepatectomy.

Indications for surgical resection of colorectal liver
metastasis: history and current status

The past two decades have seen remarkable progress
regarding the surgical techniques and postoperative
management of major hepatic surgery. Consequently, the
indications for hepatectomy, now a safe and accomplished
procedure, have been markedly extended. This trend
was further prompted by accumulating reports'*'*? in the
literature claiming operative mortality of zero following
hepatectomies for colorectal liver metastasis.

In the early era of hepatic surgery, the indication for the
surgical resection of colorectal liver metastasis was defined
as small solitary metastasis appearing later after resection of
a colon tumor, without mesenteric lymph node involve-
ment. Adson and Van Heerden® and Adson et al.,”” of the
Mayo Clinic, later extended the indication to include mul-
tiple metastatic lesions and lesions with large diameters
that call for major hepatectomy. With further accumulation
of data from several case series of colorectal liver me-
tastases treated with surgery, the safety and efficacy of
hepatectomy became widely accepted. More recently, hepa-
tectomy has come to be considered and attempted even for
patients with extrahepatic recurrences,” or hepatic node
metastases™** to the hepatic hilum, which, in the past, had
not been indicated for surgical resection. Such an aggressive
approach, however, is not currently shared by all investiga-
tors. At some institutions, metastasis to the hepatic lymph
nodes, extrahepatic disease, and multiple metastases, of
four or more, are considered to be contraindications* to
hepatic resection.

In 1996, Bismuth et al.*” performed hepatectomy for 53
patients with colorectal liver metastases initially considered
unresectable because of mal-location, large tumor size,
multiplicity, or extrahepatic disease. These lesions were
downstaged by systemic chronomodulated chemotherapy
with 5-fluorouracil, folinic acid, and oxaliplatin, to the point
that operation could be performed, and surgery led to a
remarkable 5-year survival rate of 40%, demonstrating the
potential of a multimodal approach to expand the indica-
tion for hepatic resection.

Recurrence to the remnant liver following previous he-
patic resection affects prognosis, but may be amenable to
repeat rsection.” In 1994, Nordlinger et al.* reported that,
in a series including 116 patients, from 85 institutions
treated by repeat hepatectomy, the actuarial survival rate
was 33% at 3 years. In 1997, Adam et al.” reported a 5-year
survival rate of 41% for 64 patients treated by repeat liver
resection, which is comparable to that observed following
primary liver resections. Thus, patients with recurrence lim-
ited to the liver following previous hepatic resection have
come to be treated by repeat surgery,”*'*** as long as
general indications for hepatic surgery are met, and this
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principle has led to the enhanced overall survival of patients
with colorectal liver metastasis.

Although hepatectomy is now considered as the first
choice in the treatment of colorectal liver metastasis, the
aims of and eligibility for hepatic resection in modern clinical
practice can be classified into the following three categories:

(i) Hepatectomy intended for cure. This applies to patients
whose metastatic lesions are completely dissected
along with local invasion. Patients who fall into
this category should have no metastatic or recurrent
disease, other than hepatic metastasis, and this must
be resected completely with the associated local
invasion.

(ii) Hepatectomy intended for palliation but that could re-
sult in cure. This applies to patients who have extrahe-
patic metastatic lesions, such as lung, locoregional, or
peritoneal metastasis, that can be coresected with the
liver metastasis.
Hepatectomy for palliation. This applies to patients
with extensive liver metastasis or extrahepatic me-
tastasis that cannot be resected completely, including
patients with systemic disease whose survival is still
likely to depend on the progression of liver metasta-
sis and those whose metastatic lesions have been
downstaged and have become respectable after
chemotherapy.

(iii)

For each category, accurate assessment of the disease
status, including the size of the metastasis, the location in
relation to the main vascular pedicles, and the extent of
lymph node metastasis and vascular invasion, is mandatory.
In addition, surgery can only be considered as the first
choice when it can be preformed adequately, with low mor-
bidity and mortality rates, along with other components of
multidisciplinary treatment.

Selection of the extent of surgical resection for
hepatectomy with curative intent

According to Penna and Nodlinger,” the decision of

whether or not to perform surgical resection for liver me-
tastases should be based on the patient’s condition, the
extent of the metastatic disease, and the liver functional
reserve. The type of liver resection depends on the size,
number, and location of the metastases, their relation to the
main vascular and biliary pedicles, and the volume of the
liver parenchyma that can be preserved after surgery. Small
metastases located near the liver capsule can be resected by
nonanatomical wedge resection, while major anatomical
resection is more often required for a large lesion. These
comments more or less summarize the selection criteria for
surgical resection and the extent of hepatectomy at most
institutions.

The actual numbers of each type of surgery performed
were assessed from 73 articles,*310:192234 3841543666114 o oy
of which described the outcome of curative treatment of
more than 50 patients, and presented the proportions of



88

anatomical resections among all hepatectomies performed
(Table 1). Anatomical hepatic resection was performed in
63% of the patients (range, 16%-100%). Curative hepatec-
tomy, including both anatomical and nonanatomical resec-
tions, resulted in a morbidity rate of 23% (range, 6%-37%),
a mortality rate of 3.3% (range, 0-10%), and 3-year and 5-
year survival rates of 50% (range, 30%-66%) and 34%
(range, 15%-59%), respectively. The rate of recurrence in
the liver following primary curative hepatectomy was
41.2% (range, 21.3%-74%).

Thus, anatomical resection was more commonly per-
formed for colorectal liver metastasis, compared with
nonanatomical resection. As a logical outcome, this sug-
gests that more than half of the patients with colorectal liver
metastases diagnosed at most institutions either had large
tumor size or had multiple lesions that necessitated
anatomical resection. In contrast, institutions that showed
lower rates of anatomical liver resection were considered
simply to have had a higher proportion of lesions that were
either small enough in size or located near the capsule to be
treated with nonanatomical resection.

Outcome after anatomical resection

Because no official stage classification exists for metastatic
liver cancer, it is not possible currently to make an adequate
comparison of survival between different types of liver re-
section. In the 73 case series that each analyzed more than
50 patients treated with potentially curative hepatectomy,
the incidence of anatomical resection exceeded 50% in 56
series, while anatomical resection was performed in fewer
than 50% of the patients in 17 series. To evaluate the differ-
ence in outcome between the two types of surgery, 51 sets of
data were extracted from the 73 reports in order that the
same patients from the same institution were not included
(Table 2). A comparison between these two groups natu-
rally revealed a remarkable difference in the incidence of
anatomical resection (72% versus 34%), but no difference
in terms of morbidity; mortality; survival rates at 3, 5, and 10
years; or rate of hepatic recurrence (Table 2). From these
findings, some investigators may conclude that the extent of
liver resection is not, by itself, a prognostic factor.

Scheele et al.’ reported that the size of metastatic lesions
ranged from 8 to 32cm (median, 18.5cm) for those treated
with anatomical resection, from 7 to 28 cm (median, 14 cm)
for those treated with segmental resection, and from 1 to
17cm (median, 5cm) for those treated with wedge resection.
According to Kokudo et al.,”" the mean diameter of tumors
treated with anatomical resection was 5.81 cm, whereas that
of tumors treated with nonanatomical wedge resection was
2.69cm. These data are representative of several others, in
that anatomical resection is apt to be performed for large or
multiple lesions, while wedge resection is applied mainly for
smaller metastases located near the liver capsule.

From studies describing the natural history of unresected
metastases,""'° it is clear that the prognosis of colorectal
liver metastasis depends on the size and number of the

metastatic lesions. In addition, several investigators have
found, in their series, that the prognosis of the patients
depended on the number’s,]0,16,1‘),20—22,34‘40,414,71‘80,110,111‘117 and
Size&Q.l2‘34,36.37‘66,67,80,97,99,102,103.118 Of the metastases, the prOpOl‘-
tion of hepatic parenchyma involved, or the number of lobes
involved.">"*?*** 701> Because the size and number of the
metastatic lesions increase in accordance with the time
elapsed from the establishment of metastasis, and the dou-
bling time of the tumor cells, there is little doubt that the size
and number reflect survival. Even in the report from
Kokudo et al.,” demonstrating a lack of difference in sur-
vival between patients treated with anatomical resection
and those treated with nonanatomical resection, tumor size
was also larger among the subset treated with anatomical
resection. Large and multiple metastatic lesions usually lead
to poor prognosis after hepatectomy but, again, it seems as
though these disadvantages have been nullified by the ana-
tomical resection. In the subset of patients treated with
anatomical resection 15.7% of the patients also had extrahe-
patic metastasis, as opposed to 4% in the subset treated with
nonanatomical resection. Despite these differences in pa-
tient demographics that are advantageous to nonanatomical
resection, no difference in survival was observed between
the two subsets. In addition, it must be borne in mind that
recurrence in the liver following nonanatomical resection
has a greater chance for repeat hepatectomy which could
contribute to improve the survival of the subset treated with
nonanatomical resection,*** and this advantage may have
been nullified by the anatomical resection. In order to accu-
rately evaluate the prognostic significance of the procedure,
comparisons of anatomical and nonanatomical resection,
with both survival and the incidence of recurrence in the
liver as endpoints, should be made among patients with
colorectal liver metastasis at similar clinical stages.

In the current review, survival data from some investiga-
tors were in favor of anatomical resection,™®*%!2"22 while
survival data in other studies were in favor of nonanato-
mical resection.*">'"* Scheele et al.'” analyzed 350 patients
who underwent potentially curative hepatectomy and found
that the 5-year survival rate was 41 % among patients who
underwent anatomical resection as opposed to 24% among
those treated with nonanatomical resection. Hughes et al.*!
analyzed 798 patients treated at 24 United States institu-
tions, and found that anatomical resection had a survival
advantage over nonanatomical resection among a subset of
patients with solitary liver metastasis of more than 4cm
diameter. On the other hand, Fong et al.® found, in an
analysis of 1001 cases of colorectal liver metastasis, that the
S-year survival rate was 39% for patients treated with
nonanatomical resection and 33% for those treated with
anatomical resection. However, this result reflects in part,
the fact that 108 of 132 patients (82% ) who had recurrence
to the liver were treated with repeat resection, and this
significantly affected survival for this subset.

The profile of liver metastases, including their size and
number of metastases, was generally advantageous to pa-
tients treated with nonanatomical resection, and this may
have nullified the survival advantage of anatomical hepate-
ctomy over nonanatomical hepatectomy.
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Table 2. Morbidity, mortality, cumulative survival, and rate of hepatic recurrence in series showing different incidences of anatomical hepatic

resection

Anatomical resection performed in
50% or more patients (n = 39)

Anatomical resection performed in
fewer than 50% of patients (n = 12)

Anatomical resection
Morbidity

Mortality

3-Year survival rate
5-Year survival rate
10-Year survival rate

Rate of hepatic recurrence

72% (53-98)
23% (6-37)
3% (0-8)
48% (34-66)
34% (17-59)
26% (13-43)
41% (21-74)

34% (18-47)

22% (11-33)
3% (0-7)
52% (34-56)
32% (15-46)

26%

43% (29-60)

To evaluate the difference in outcome between the two types of surgery, 51 sets of data were extracted from the 73 articles (see Table 1) in order

that the same patients from the same institution were not included
Figures in parentheses are ranges

Recurrence in the liver following primary hepatectomy

Recurrences in the liver following primary hepatec-
tomy may be explained either as growth following a
dormant metastasis from the primary colorectal cancer, or
as secondary metastasis as a consequence of the local
invasion of the primary liver metastasis. The prognosis of
synchronous liver metastasis has been reported by several
inveStigat0r55,9—10‘22,41.68‘69,96.102.103,109,110,123—127 as being worse than
that of metachronous metastasis, while several others pos-
tulate that Clinical Stage4,10.16,27,41.61,76,83.86,87.90.96,103,123,12&128—130 or
lymph nOde metastasis&2338,40,4l.80,86,89.90,96.118,131—136 Of the pri-
mary colorectal cancer is also reflected in the prognosis of
liver metastasis. Theoretically, it is unlikely that the clinical
stage of the primary affects the survival of the metastatic
lesion in a patient with metachronous liver metastasis that
was detected long after surgery for the primary, which may
have been cured locally by that time. This means that the
clinical stage of the primary colorectal cancer influences the
outcome only in patients with concurrent metastasis and if
the metastases are found shortly after surgery for the pri-
mary cancer.

For patients whose primary cancer has been completely
cured, minimal residual disease disseminated from the
metastatic liver tumor may be the cause of recurrence in the
liver, which, in turn, may affect the prognosis after hepate-
ctomy.” Repeat hepatectomy may, in such cases, be a useful
option to improve survival, ! #0:48300L480.57140 However,
adequate selection of the type of surgery at the time of
primary hepatectomy may be of even greater importance if
this can avoid recurrence in the liver.

Minagawa et al."’ postulated that the use of intraopera-
tive ultrasound could detect potential residual cancer dur-
ing surgery, and they noted that resection reflecting this
information resulted in a good prognosis, regardless of the
type of hepatectomy the surgeon considered as a standard
procedure. Indeed, surgery based on diagnostic imaging
should be able to completely avoid locoregional recur-
rences, if all metastatic lesions can be visualized and
resected. In reality, however, the incidence of recurrence to
the liver in their series was as high as 41.7%, and almost half
of the recurrences were subsequently treated with repeat
hepatectomy.

Needless to say, complete detection of all minimal meta-
static foci and vessel invasion by preoperative imaging
studies, including a unified computed tomography (CT) and
angiography system,'"*' magnetic resonance imaging (MRI),
and F-18 fluorodeoxyglucose-positron emission tomogra-
phy (FDG-PET),”'* and intraoperative ultrasound would
result in an accurate decision regarding the extent of liver
resection. If this could be accomplished, patients would
never suffer from locoregional recurrence and could be
cured if no other dissemination from the primary colorectal
cancer had occurred. This goal, however, has not been
achieved, even with combinations of various modern diag-
nostic modalities. In order to decrease the incidence of
recurrence in the liver, therefore, it is of paramount impor-
tance that an adequate selection of the extent and type of
hepatectomy be made, so as to minimize the chances of
leaving minimal residual disease unresected.

Patterns of local invasion that may provide criteria for
the selection of the type of hepatic resection

Understanding the clinicopathological behavior of liver
metastasis that can be described in terms of various patterns
of local invasion is a prerequisite for adequate selection of
the type of hepatic resection. How to minimize the inci-
dence of locoregional recurrence is an issue of great impor-
tance for those performing hepatectomy which, after all, is
an option for local control.

In the histopathological evaluation of hepatic metastasis,
the following patterns of local invasion from the metastatic
liver tumor have been reported; these types of invasion
could affect prognosis or hepatic recurrence if unresected:
intrahepatic portal vein invasion,>*"***"*1¥  hepatic

vein invasion, %4810 intrahepatic bile duct inva-
36,37,143-145,147,148,151,152 101,143,146

sion, erineural invasion, satellite
lesions’5,6,20.54‘55,100,102,103‘144‘145,153,154 il’lVaSiOl’l to adJ acent
organs,”* and nodal metastasis to the hepatoduodenal
ligament'ﬁ.&lﬂ.l1,15,22.3441.54,66—68,80,82.86,90.100,l(]l,105,108,117,12&1547158

Okano et al."*® performed thorough histopathologic ex-
aminations of liver metastases from 149 patients, and found
microinvasion of the bile duct in 58% of the tumors, while
macroscopic invasion of the bile duct was observed only in
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12%. In fact, patients with macroscopic findings of bile duct
invasion had an excellent 5-year survival rate, of 80%,
whereas the finding of microscopic bile duct invasion did
not seem to affect survival. However, such an excellent
survival result could not be attained unless a precise diagno-
sis of the extent of the lesion and sufficient excision of the
liver could be achieved, with the patients being fortunate
enough not to have extrahepatic metastasis.

According to Yasui et al.,” macroscopic findings of one
or more patterns of local invasion were observed in 0% of
lesions less than 3 cm in diameter, in 19.2% of lesions with a
diameter of 3 to 6¢cm, and in 22.6% of lesions over 6¢cm in
diameter, after meticulous examination of the resected
specimens. The 5-year survival rates were inversely corre-
lated with the incidence of local invasion in all anatomically
hepatectomized patients. Because the incidence of local
invasion correlates with the size of the tumor, it seems
rational to perform anatomical resection for tumors with a
diameter of 3cm or more, to remove potential sources of
local invasion that cannot be detected preoperatively by
current diagnostic modalities.

One of the reasons that the local recurrence rate is
comparatively high among patients treated with partial
resection® is that microscopic invasion of the vessels and bile
ducts may not necessarily be restricted to within a limited
distance from the margin of the tumor.'” Although
Yamamoto et al.'”’ claimed that such microscopic invasion
rarely reached beyond 10 mm from the liver metastasis, can-
cer cells that are disseminated into these vessels are mobile
and can travel along the vessels, in accordance with the
movement of the diaphragm, to establish micrometastases
in regions that are distant from their origins. This means
that the chance of completely resecting microscopic tumor
deposits (which cannot be recognized perioperatively) is
decreased considerably by surgical procedures that do not
allow sufficient clearance between the tumor and the cut
section of the liver.

Hepatic lymph node metastases and extrahepatic
metastases

In 1985, August et al.” reported on seven patients who had
lymph node metastasis from a metastatic liver tumor, and
they declared that these patients were not indicated for
hepatectomy. After this report, nodal metastasis was recog-
nized as an important indicator of poor prognosis. While
several investigators"®!">"*1% postulate, that because of
the dismal outcome, hepatectomy should not be performed
for this group of patients, there are recent reports from
other investigators who perform lymphadenectomy in addi-
tion to hepatectomy, to prevent obstructive jaundice and to
improve survival, even if the patients will eventually die of
the disease.””****"* In 1996, Elias et al."” reported, in a
prospective study of patients treated with curative hepatec-
tomy, that microscopic lymph node involvement of the he-
patic pedicle was found in 23.5% of 63 patients who were
treated with anatomical resection and in 5.4% of 37 patients

who underwent partial resection. This indicated that ad-
vanced metastatic cancer that calls for anatomical resection
is associated with a high incidence of nodal metastasis.
Yasui et al.*® reported, in 1995, that the incidence of node
metastasis correlated with the size of the tumor (0% for
tumors with a diameter of less than 3 cm, 3.8% for those that
ranged from 3 to 6¢cm, and 22.6% for those with diameters
greater than 6¢m).

Nakamura et al.” reported 2 of 7 patients with lymph
node metastasis to have survived more than 5 years. Yasui
et al.” performed routine lymphadenectomy for 81 patients
with colorectal liver metastasis, including 11 patients
(13.6%) who actually had nodal metastasis, and achieved a
5-year survival of 41.7%. Bakalakos et al.” experienced 3
patients with nodal involvement who survived for 3 to 4
years after surgery, and concluded that the favorable sur-
vival in these patients may illustrate how patients with
seemingly poor prognostic features may still benefit from
hepatic resection. Recently, Laurent et al.® emphasized,
from a completely different viewpoint, that lymphadenec-
tomy should be performed routinely in order to evaluate
the biology of metastatic liver cancer to a greater depth and
to more precisely predict survival.

Although whether or not to perform lymphadenectomy
for metastatic liver cancer remains controversial, the addi-
tion of this procedure to hepatectomy would not actually
significantly increase risk to the patients.” As mentioned
earlier in this review, nodal metastasis represents one of
several patterns of local invasion from liver metastasis, and
lymphadenectomy may have a place as part of curative
surgery for metastatic liver cancer similar to the place it has
for cancer of the stomach or the pancreas. In other words,
lymphadenectomy may contribute to improving survival,
while it definitely results in more precise staging.

There is a similar controversy regarding resectable extra-
hepatic metastases, in that resection could result in cure,
although the prognosis of this subset of patients as a whole
is inevitably poor. Although patients with colorectal liver
metastasis with extrahepatic lesions had not previously
been considered as candidates for surgery,””"*"* recent im-
provements in surgical techniques and postoperative care
have prompted several investigators™*"*** to attempt sur-
gery for this subset. Elias et al.’ reported that the 5-year
survival rate after hepatectomy for 75 patients with extrahe-
patic disease was 28%, and this was not much lower than
that of 33% for 219 patients without extrahepatic metasta-
sis. Consequently, they concluded that extrahepatic disease
in colorectal cancer patients with liver metastases should no
longer be considered as a contraindication to hepatectomy.

Conclusions

Articles on colorectal liver metastasis in English were re-
viewed to explore the outcomes of and the indications for
anatomical resection, with special emphasis on survival data
and the incidence of intrahepatic recurrence according to
the type of surgery. In addition, the association between



several patterns of local invasion and the outcome of
patients treated with hepatectomies of varying extent was
described.

The advantage of anatomical resection over partial re-
section is that, with anatomical resection, there is a higher
probability of coresecting extratumoral vessel or bile duct
invasions that cannot be detected preoperatively. The re-
section lines are based on the anatomy of the Glisson
sheath, so that ischemia or congestion in any part of the
remaining hepatic parenchyma would rarely occur. In addi-
tion, skeletonization and dissection of major vascular
pedicles at the hepatic hilum allows better control of
perioperative hemorrhage. The process of skeletonization
also facilitates lymphadenectomy along the hepatoduo-
denal ligament. One drawback of anatomical resection
could be that the removal of more hepatic parenchyma
might result in an increased risk of post-resectional hepatic
failure.

Needless to say, nonanatomical resection is quite fea-
sible for small metastases with little risk of microscopic local
invasion. However, locally advanced liver metastases have a
higher risk of local invasion, such as vessel invasion, bile
duct invasion, nodal metastasis, and invasion to the adjacent
structures. Anatomical resection, which allows a better
clearance between tumor deposits and the cut section of the
liver, provides a higher probability of coresecting micro-
scopic invasions that are predictable but undetectable, and
can be recommended as a standard procedure for meta-
static liver cancer.
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