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Abstract

Background  Although the degree of hepatic resection has
been found to be a key aspect of tumor stimulation, the
differences in clinical outcome between a massive liver
resection and a less extensive resection for multiple colo-
rectal metastases have not been well studied. The purpose
of this study was to clarify the impact of the extent of liver
resection on survival outcome.

Methods Clinicopathologic data were available for 85
patients who were surgically treated for four or more liver
metastases. Forty-nine patients who underwent a major
hepatic resection were compared with patients who
underwent minor hepatic resections (n = 36).

Results As the patients undergoing major resection were
more likely to have multiple (p = 0.014) and large tumors
(p = 0.021) compared to the minor-resection patients, their
overall survival was worse (p = 0.046) and the disease-
free rate tended to be poorer. By multivariate analysis of
the cohorts, the only independent factor affecting survival
was the number of liver tumors (<5 or >6; relative risk
[RR] = 0.427; p = 0.014). When patients with six or more
metastases were selected and analyzed, the overall survival
of patients who had a major resection was significantly
poorer than those who had minor resections (p = 0.028),
although the clinical characteristics were comparable
between the two groups.
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Conclusion Although the extent of hepatectomy was not
an independent prognosticator, minor resections for mul-
tiple colorectal metastases may offer a long-term survival
advantage compared to a major resection.

Abbreviations

CA Carbohydrate antigen

CDDP Cisplatin

CEA Carcinoembryonic antigen

CT Computed tomography

FA 1-Folinic acid

5-FU 5-Fluorouracil

Major En masse removal of at least half the liver with
or without some contralateral partial resections

Minor Multiple minor (one section or less) resections

Moderate Moderately differentiated adenocarcinoma

PET Positron emission tomography

PS Prediction score

PVE Portal vein embolization

RR Relative risk

Introduction

Hepatic resection is the only form of treatment that
currently offers a chance of long-term survival in patients
with colorectal liver metastases, with an approximate
5-year survival rate of 40-49% [1-4]. Classically, most
reported surgical experience has involved patients with a
small number of metastatic lesions in a distribution
confined to the hemiliver, and so only 5-10% of patients
with metastatic colorectal cancer are candidates for liver
resection, with resection frequently precluded by multi-
segment involvement [5, 6]. Extensive hepatectomy often
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is necessary to curatively resect multiple metastases in
the liver. In up to 45% of both primary and secondary
liver tumors, extended liver resection is necessary to
achieve clear resection margins [7]. General agreement
has been reached that resection with a clear surgical
margin is adequate for the resection of colorectal liver
metastases. However, extensive hepatectomy involves a
considerable reduction of hepatic mass that can lead to
clinical manifestations of decompensation, including
hepatic insufficiency. In recent reports, preoperative
portal vein embolization (PVE) [8, 9], and two-stage
resections [10, 11] have increased the number of patients
eligible for potentially curative treatment resulting in
favorable short-term and long-term outcomes. The ratio-
nale for PVE and/or two-stage hepatectomy is to
minimize the risk of liver failure by completing the
resection after regeneration has occurred. With improve-
ments in these surgical techniques and perioperative care,
major liver resections now are performed increasingly for
metastatic liver cancer with a generally low rate of major
technical complications and fatal liver failure.

On the other hand, the degree of hepatic resection has
been found to be a key factor in tumor stimulation. A
number of studies have found that the larger the percentage
of liver resection, the higher the incidence and volume of
recurrence [12, 13]. Many of the factors upregulated during
liver regeneration after a hepatectomy have been impli-
cated in tumor growth and recurrence [14—-16] and the
extent of the upregulation of these factors correlated with
the degree of liver resection. Numerous studies have sug-
gested that regenerative growth factors, many of which are
elevated immediately after hepatectomy, play a role in
tumor recurrence by stimulating tumor cells to proliferate
following resection [14]. PVE also stimulates the growth of
hepatic tumors [17-19].

From an oncologic perspective in treating multiple
metastases, an extended hepatectomy is an effective way to
remove tumors with a sufficient tumor-free margin, while
multiple minor resections might reduce tumor proliferation
that may be stimulated by a massive liver resection. Given
the implications of such recent advances that have exten-
ded the indications for hepatectomy in the treatment for
colorectal cancer metastases as well as the positive and
negative effects of an extended liver resection, there needs
to be a reassessment of which hepatectomy procedure, i.e.,
an extended resection with or without some minor resec-
tions vs. multiple minor resections, is the most suitable for
multiple colorectal metastases. We therefore retrospec-
tively analyzed patients with four or more liver metastases
from colorectal cancer treated at our institution to estimate
the differences in the survival benefit from different hep-
atectomy procedures categorized according to the extent of
liver resection.
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Patients and methods
Patients

From 1987 to 2006, our Department of Gastroenterological
Surgery at the Yokohama City University Graduate School
of Medicine treated 320 patients in whom colorectal liver
metastases were diagnosed by liver resection with curative
intent. Of these, one patient (0.3%) died within 60 days of
surgery from multiple organ failure caused by postopera-
tive bleeding and sepsis. Macroscopic residual disease was
found in five patients during surgical exploration at the site
of liver metastases, and concomitant extrahepatic disease
precluded a macroscopic curative resection in 15 other
patients who had a macroscopic curative liver resection.
One patient was lost to follow-up with no information
available concerning survival relative to each time point
and therefore was excluded from the study. Of the
remaining 298 patients, 213 (71.5%) had three or fewer
metastases and were also excluded. Accordingly, data from
85 patients (28.5%) with four or more liver metastases who
were surgically treated were subjected to the analysis. The
median follow-up duration for these 85 patients was
26 months (range = 3-158). Among these, en masse
removal at least a hemiliver (hemihepatectomy, extended
hemihepatectomy, or trisectionectomy), with or without
some partial resections of the contralateral hemiliver, was
performed in 49 patients, and these patients were defined as
the major-hepatectomy group. The other 36 patients
undergoing several minor resections (one section or less)
were defined as the minor-hepatectomy group. The study
was approved by our institutional review board and written
informed consent was obtained from all patients.

Preoperative staging included a physical examination,
measurement of serum carcinoembryonic antigen (CEA)
and carbohydrate antigen (CA) 19-9, colonoscopy, barium
enema, abdominal ultrasonography, abdominal computed
tomography (CT), and chest imaging by routine chest
radiography or CT. Imaging by positron emission tomog-
raphy (PET) was introduced for preoperative staging after
2002.

Hepatectomy procedures

The hepatectomy was not necessarily performed according
to anatomic principles of resection; the guiding principle
was assurance of tumor-free margins. The decision
regarding which hepatectomy procedure (en masse major
hepatectomy or several minor hepatectomies) to perform
was made on a case-by-case basis according to tumor
number, distribution, and location. To determine whether a
hepatectomy procedure was acceptably safe for the patient,
we used a prediction score (PS) system introduced by
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Yamanaka et al. [20]. The PS was calculated using the
formula PS = —84.6 4 0.933a + 1.116 + 0.999¢, where
a is the anticipated resection fraction (%) calculated from
CT volumetry, b is the indocyanine green retention rate at
15 min (%), and c is the age (years) of the patient. A
PS < 50 indicated that a given hepatectomy would be
acceptable. Patients with PS > 50 underwent either a two-
stage hepatectomy or prehepatectomy PVE.

Intraoperative ultrasonography was used to identify any
occult tumors not detected preoperatively and to confirm
the relationships between the tumors and vasculobiliary
structures. Parenchymal dissection was performed using
ultrasonic dissectors. When necessary, the liver pedicle
was clamped intermittently in cycles including 15 min of
clamping and 5 min of reperfusion. The Brisbane 2000
terminology of the International Hepato-Pancreato-Biliary
Association was used to categorize the operative proce-
dures [21]. Tumor-free margins of 0 mm in this study was
defined as a part of a tumor exposed microscopically on the
cutting plane with neither macroscopic exposure nor evi-
dence of residual tumor tissue. The use of microwave
ablation in combination with resection was reserved for
patients for whom no procedure that permitted complete
resection of neoplasms that preserved sufficient vascular-
ized hepatic parenchyma to support postresection hepatic
function could be designed, or in whom some tumors were
ill located. Microwave ablation was used in combination
with resection. All patients underwent resection and abla-
tion during open laparotomy by a hepatobiliary surgeon.
Intraoperative ultrasound (IOUS) was used to guide
placement of the ablation needle into the lesions to be
treated with microwave therapy. All patients who under-
went microwave ablation were treated using the Microtaze
AZM-520 system (Azwell, Osaka, Japan). Microwave
energy was delivered at 70 W for 45 s, followed by a 15-s
pause. The needle then was repositioned. Four or five
cycles of ablation were performed with the aim of
obtaining at least a 1-cm zone of coagulation surrounding
the liver tumors. To accomplish complete destruction of
the neoplasms and to avoid bile duct injury, we used
microwave ablation only for relatively small neoplasms
(2 cm or less in diameter) that were not located near the
main Glisson sheath. Recognition of complete ablation
status after treatment was made from the findings of IOUS
after ablation and from the findings of complete dimin-
ishment of enhancement in the postoperative arterial phase
of CT.

All extrahepatic metastases were resected whenever
possible, as decided on a case-by-case [22]. For cases of
resectable metastases in both the liver and the lung, liver
resection and primary tumor resection were performed
prior to pulmonary resection, aiming to eliminate the liver
as a source of potentially disseminating neoplastic cells.

When liver metastases were associated with extrahepatic
intra-abdominal metastases, both were resected at the same
time.

The principles underlying the selection criteria for the
resection of recurrent hepatic metastases were the same as
those for the initial hepatectomy. Technical considerations
predominated in surgical decisions regarding the feasibility
of repeat hepatic resection. Because the quality and quan-
tity of the remaining hepatic parenchyma were extremely
important factors, patients were excluded from repeat
hepatic resection when the PS, based on volumetry, indo-
cyanine green retention rate, and patient age, was greater
than 50 [20].

Whenever safe and macroscopic complete resection of
all sites of extrahepatic disease was deemed possible after
the identification of any extrahepatic recurrences, a resec-
tion was performed irrespective of the recurrence sites.

Neoadjuvant chemotherapy

Some patients with multiple liver metastases whose metas-
tases initially would have posed difficulties in their safe
removal first received neoadjuvant hepatic arterial chemo-
therapy with a combination of 5-fluorouracil (5-FU),
1-folinic acid (FA), and cisplatin (CDDP). Treatment con-
sisted of a 5-day course of infusions into the hepatic artery
through an implanted arterial access port (Vital-Port, Cook
Vascular, Leechburg, PA). On each day, 5-FU (500-600 mg/
m?/day), FA (100 mg/m?/day), and CDDP (10 mg/m?*/day)
were delivered. This 5-day course was repeated four or more
times at 9-day intervals.

Adjuvant therapy

All surgically treated patients generally received additional
adjuvant chemotherapy via hepatic artery constant-rate
infusion of 5-FU (1500 mg over 24 h) and FA (50 mg over
24 h) once a week for 8 weeks after surgery or they
received an intravenous infusion generally of 5-FU and FA
with or without the addition of CDDP or irinotecan.

Patient follow-up

Patients underwent follow-up evaluation monthly at our
outpatient clinic. Data were obtained and recorded from
each patient’s clinical record. Long-term outcome was
ascertained through clinical follow-up, tumor registry fol-
low-up, and, when necessary, contact with the patient,
family, or referring physician. Serum CEA was measured
every month, a CT was performed every 3 months, and a
chest roentgenogram was obtained every 6 months for
5 years after the most recent operation.
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Statistical analysis

Statistical comparisons of the baseline data were performed
using the Mann-Whitney U test, the }52 test, or Fisher’s
exact test. Survival rates were calculated using the Kaplan-
Meier method. Cutoff values of continuous variables were
determined by the median values for univariate analysis.
Multivariate regression analysis was carried out by a pro-
portional hazards method using a Cox model, beginning
with the factors identified in the univariate analysis with a
p < 0.05. Differences between the survival curves were
analyzed by the log-rank test. A difference was considered
significant when the two-sided p value was less than 0.05.

Results

The rates for the 1-, 3-, 5-, and 10-year overall survival of
all 85 patients after hepatectomy were 89.0%, 51.8%,
40.9%, and 13.2%, respectively; the rates for disease-free
survival at these time points were 37.0%, 16.0%, 12.0%,
and 12.0%, respectively.

Comparison of clinical characteristics and survival
outcome between the major-hepatectomy group
and the minor-hepatectomy group

The hepatectomy procedure in each group is shown in
Table 1. Local ablations in addition to the hepatectomy
were conducted in 12 patients (24.5%) in the major-hepa-
tectomy group and in 9 patients (25%) in the minor-
hepatectomy group (p > 0.99). When the demographic and

clinical characteristics were compared between the patients
undergoing a major resection with those undergoing a
minor resection, the patients undergoing a major resection
were more likely to have multiple (p = 0.014), and large
liver tumors (p = 0.021, Table 2). As for the treatment-
related variables, a higher proportion of patients in the
major-hepatectomy group underwent prehepatectomy PVE
(49%, 24/49) than in the minor-hepatectomy group (8.3%,
3/39; p < 0.001), and a staged hepatectomy procedure was
conducted more frequently in the major-hepatectomy
group (34.7%, 17/49) than in the minor-hepatectomy group
(5.6%, 2/36; p = 0.01). The three patients who underwent
a PVE and a two-staged procedure in the minor-hepatec-
tomy group were initially to undergo an extended resection
following PVE or a second liver resection, but extended
resections were precluded by insufficient liver volume
regeneration following PVE or the first liver resection. The
median resected liver weight in the major-hepatectomy
group was larger than that in the minor-hepatectomy group
(610 vs. 326 g, p < 0.001). As for surgical variables, the
incidence of blood transfusion was 59.2% (29/49) in the
major-hepatectomy group and 41.7% (15/36) in the minor-
hepatectomy group (p = 0.13). The operative morbidity
rate (20.4% in the major group vs. 13.9% in the minor
group, p = 0.57) and the median length of the postopera-
tive hospital stay (17 vs. 15 days, respectively; p = 0.36)
also were similar.

During follow-up, recurrence was found in 42 patients
(86%) in the major-resection group. Sites of initial recur-
rence were the liver in 15, the lung in 10, multiple organs
in 8, and other sites in 9. In the minor-resection group,
recurrence was seen in 26 patients (72%), the liver being

Table 1 Summary of

Procedures
hepatectomy procedures

Major resection group
(n = 49)

Minor resection group
(n = 36)

Trisectionectomy with partial resections

Trisectionectomy

Extended hemihepatectomy with partial resections

Extended hemihepatectomy

Hemihepatectomy, one sectionectomy,

and partial resections

Hemihepatectomy with one sectionectomy

Hemihepatectomy with one segmentectomy

W 390N

—_ R

Hemihepatectomy with partial resections 18

Hemihepatectomy

One sectionectomy, one segmentectomy, 6

and partial resections

One sectionectomy with one segmentectomy 1

One sectionectomy with partial resections 18

One sectionectomy

One segmentectomy with partial resections

Partial resections
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:;?r?ilcealz cl?a ::;?irizg}glcir?r;(iatient Variables Major resection Minor resection p value
groups defined by the degree of group (n = 49) group (n = 36)
liver resection Age (years)® 59 (37-77) 64 (32-79)
Gender
Male 34 19
Female 15 17
Primary tumor
Site
Colon 28 19
Rectum 21 17
Dukes stage
A/B 15 10
C 34 26
Histology
Moderate 27 19
Others 22 17
Liver metastases
Timing
Synchronous 38 26
Metachronous 11 10
Distribution
Unilateral 6 1
Bilateral 43 35
Number® 6 (4-27) 5 (4-38) 0.014
Maximum size (mm)* 40 (9-185) 31 (8-115) 0.021

Serum CEA (ng/ml)*
Extrahepatic disease
Present
Absent
Treatment related
Prehepatectomy chemotherapy
Administered
Not administered
Tumor-free margin (mm)
=0
>0
Adjuvant chemotherapy
Administered

Moderate = moderately Not administered

differentiated adenocarcinoma;
CEA = carcinoembryonic
antigen; PVE = portal vein
embolization

Proportion with liver recurrence

undergoing resection (%)

undergoing repeat resection (%)

Proportion with extrahepatic metastases

14.2 (1-10536) 6.2 (1.2-4498)

9

40 31

24 16

25 20

19 15

30 21

27 21

22 15

7128 (25) 7720 (35)
10/37 (27) 521 (24)

? Median with range

the initial recurrence site in 11, the lung in 6, multiple
organs in 2, and other sites in 7 (p = 0.61 vs. major-
resection group). Hepatic recurrences developed at some
time in 28 of the patients who had a major resection and in
20 of the patients who had a minor resection. A second
liver resection for recurrence was performed in 7 (25%) of
the 28 patients with a liver recurrence in the former group

and in 7 (35%) of the 20 patients in the latter group
(p = 0.53). A surgical resection was undertaken in 10
(27%) of the 37 patients in the major-hepatectomy group
who developed an extrahepatic recurrence at some time,
while 5 (24%) of the 21 patients in the minor-hepatectomy
group had a resection for an extrahepatic recurrence
(p > 0.99, Table 2).

@ Springer



2062

World J Surg (2008) 32:2057-2069

Fig..l Qverall and di.sease—free A o B,

survival in postoperative years 100 - @ 100 -

for 85 patients with four or more .E‘j é

liver metastases from colorectal E %

cancer. (A) When patients were -] 2 P=0.110

divided into those who ; =

underwent a major resection _§ g

(broken lines, n = 49) versus a E s

minor resection (solid lines, = a?

n = 36), overall survival was 1) @

worse in the major-hepatectomy g ?30

group (p = 0.046). (B) The g § | e

disease-free survival rate tended & E |

to be poorer in the major- 01 0

hepatectomy group than in the 0 5 10 0 5 10

minor-hepatectomy group (years) (years)

(P = 0~110) No.atrisk 0 1 3 7 10 (years) 0 1 3 5 7 10 (years)
Major 49 39 15 2 0 49 13 4 2 1 0
Minor 36 31 15 6 1 36 16 4 3 3 1

When survival was compared between the patients who
underwent a major resection and a minor resection, the 1-,
3-, and 5-year overall survival rates of the patients in the
major-hepatectomy group were 83.2%, 41.4%, and 33.1%,
respectively, which was poorer than those of the patients in
the minor-hepatectomy group (97.2%, 67.9%, and 52.0%,
respectively; Fig. 1A, p = 0.046). The disease-free sur-
vival rates in the major-hepatectomy group (28.7%, 11.5%,
and 8.6%, respectively) also tended to be poorer than those
in the minor-hepatectomy group (48.5%, 23.6%, and
17.7%, respectively; Fig. 1B, p = 0.11).

Prognostic factors for patients with four or more
metastases

The influence of various clinicopathologic variables on
survival after hepatectomy is shown in Table 3. According
to univariate analysis using the data of all 85 patients
with multiple metastases, the number of liver tumors (p =
0.003), the maximum size of the metastatic lesions
(p = 0.03), the prehepatectomy serum CEA (p = 0.016),
the extent of hepatectomy (major resection vs. minor
resection, p = 0.046), and the administration of adjuvant
chemotherapy after hepatectomy (p = 0.019) were identi-
fied as significant prognostic determinants. Specifically,
survival was significantly worse in patients with six or
more nodules, a maximum liver neoplasm diameter of
more than 38 mm, a serum CEA concentration before
hepatectomy exceeding 10 ng/ml, performing an en masse
hepatectomy (at least a hemiliver) with or without some
contralateral partial resections, and no adjuvant chemo-
therapy. By multivariate analysis, the only independent
factor affecting survival was the number of liver tumors
(5 or fewer vs. 6 or more; relative risk [RR] = 0.427;
p = 0.014; Table 4).
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Comparison of clinical characteristics and survival
outcome of patients with at least six metastases
between the major-hepatectomy group and the minor-
hepatectomy group

In the second phase of the analysis, in order to overcome
the effects of differences in the number of liver tumors
that might influence patient survival between the major-
and the minor-hepatectomy groups, patients with six or
more metastases were selected and analyzed. When the
clinical characteristics were compared between the
patients undergoing a major resection (n = 27) with
those undergoing a minor resection (n = 13), no signif-
icant difference in any of the variables, including the
number of liver tumors, was observed between the two
groups (Table 5). Due to differences in the extent of
liver removal, a higher proportion of patients in the
major-hepatectomy group underwent prehepatectomy
PVE (55.6%, 15/27) than in the minor-hepatectomy
group (15.4%, 2/13; p = 0.020). Furthermore, the pro-
portion of staged hepatectomy procedures tended to be
more frequent in the major-hepatectomy group (37%,
10/27) than in the minor-hepatectomy group (7.7%, 1/13;
p = 0.068). The proportion of patients with a liver
recurrence who underwent a repeat resection and those
with extrahepatic metastases who underwent a resection
were comparable.

During follow-up, recurrence became evident in 24
patients (89%) in the major-resection group and in 9 (69%)
in the minor-resection group. As for the sites of initial
recurrence, remaining liver and pulmonary recurrence
tended to be higher in the major-resection group (liver and
lung, 58%; multiple organs, 21%; other sites, 21%), while
recurrence in other sites tended to be highest in the minor-
resection group (liver and lung, 33%; multiple organs,
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Table 3 Univariate analysis of
overall survival after
hepatectomy for patients with
multiple liver metastases

Moderate = moderately
differentiated adenocarcinoma;
CEA = carcinoembryonic
antigen; Major = en masse
removal of at least half the liver
with or without some
contralateral partial resections;
Minor = multiple minor (one
section or less) resections

Variables No. of patients Overall survival (%) p value (log-rank)
1 year 3 year 5 year
Age (years)
>62 44 87.8 46.5 31.3
<62 41 90.2 56.2 49.2
Gender
Male 53 90.1 55.7 43.8
Female 32 87.2 45.2 36.2
Primary lesion
Site
Colon 47 86.8 54.6 48.0
Rectum 38 91.9 49.1 32.8
Dukes stage
A/B 25 91.7 51.8 47.1
C 60 87.8 52.4 37.6
Histology
Moderate 46 90.9 48.2 44.8
Others 39 86.7 55.5 37.0
Liver metastases
Timing
Synchronous 64 88.7 54.4 42.2
Metachronous 21 89.7 422 352
Distribution
Unilateral 7 85.7 343 343
Bilateral 78 89.4 534 41.3
No. of metastatic lesions
>5 40 82.3 36.1 19.3 0.003
<5 45 95.2 65.4 56.4
Size of metastatic lesions
>38 mm 41 85.0 41.5 27.7 0.030
<38 mm 44 92.8 62.5 54.9
Extrahepatic metastases
Present 14 92.9 20.6 20.6
Absent 71 88.2 57.7 44.6
Prehepatectomy CEA
>10 ng/ml 39 84.6 41.2 28.8 0.016
<10 ng/ml 39 94.5 62.7 58.6
Treatment-related variables
Prehepatectomy chemotherapy
Administered 40 92.2 49.7 37.9
Not administered 45 86.1 53.4 42.5
Degree of hepatectomy
Major 49 83.2 41.4 33.1 0.046
Minor 36 97.2 67.9 52.0
Tumor-free margin
0 mm 34 88.2 52.6 34.7
>0 mm 51 89.4 51.7 48.0
Adjuvant chemotherapy
Administered 48 97.9 56.5 46.3 0.019
Not administered 37 76.8 45.1 334
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Table 4 Multivariable analysis of factors affecting survival after hepatectomy for multiple liver metastasis using the Cox proportional hazards

model

Variable RR p value
Number of metastasis <5 0.427 (0.217-0.840) 0.014
Maximum tumor diameter (mm) <38 0.731 (0.358-1.493) 0.390
Serum CEA (ng/ml) <10 0.640 (0.311-1.315) 0.224
Degree of hepatectomy Major 1.493 (0.747-2.983) 0.257
Adjuvant chemotherapy Not administered 1.807 (0.945-3.456) 0.074

Values in parentheses are 95% confidence intervals

RR = relative risk; CEA = carcinoembryonic antigen; Major = hepatectomy involving two or more sections

The inclusion criterion for the variables was p < 0.05 by univariate analysis, i.e., the number and maximum size of liver metastases, prehep-
atectomy serum CEA concentration, degree of hepatectomy (major/minor), and adjuvant chemotherapy (administered/not administered)

11%; other sites, 56%). The 1-, 3-, and 5-year overall
survival rates after hepatectomy were 77.6%, 24.1%, and
12.1%, respectively, in the major-hepatectomy group vs.
92.3, 62.2, and 31.1%, respectively, in the minor-hepa-
tectomy group (p = 0.028, Fig. 2A). The 1- and 3-year
disease-free survival rates in the major-hepatectomy group
were 16.9% and 8.5%, respectively, which also tended to
be poorer than those in the minor-hepatectomy group (53.8
and 28.8%, respectively; Fig. 2B, p = 0.058).

On the other hand, in patients with five or fewer metas-
tases, the 1-, 3-, and 5-year overall survival rates were 90.5,
60.5, and 55.0%, respectively, in the major-hepatectomy
group (n = 22) vs. 100, 70.7, and 57.2% in the minor-hep-
atectomy group (n = 23, p = 0.879), and the disease-free
survival rates at each time point were 43.3, 16.2, and 10.8%,
respectively, in the major-hepatectomy group vs. 45.2, 21.5,
and 14.3%, respectively, in the minor-hepatectomy group
(p = 0.817). However, no significant difference in the
clinical characteristics of the two groups was observed
except for the median age of the patients (the major group
vs. the minor group, 56 vs. 68 years; p = 0.007), the per-
centage undergoing prehepatectomy PVE (40.9 vs. 4.3%,
p = 0.004), and the percentage having a staged hepatectomy
procedure (31.8 vs. 4.3%, p = 0.022).

Impact of degree of hepatectomy and prehepatectomy
chemotherapy on patient survival

When all 85 patients were divided into four groups
based on the extent of the hepatectomy (major vs. minor
resection) and the administration of prehepatectomy che-
motherapy (performed vs. not performed), the number of
liver tumors was lower in the patients in the minor
resection without chemotherapy group than in the patients
in the major resection and chemotherapy group
(p < 0.001), the major resection alone group (p = 0.002),
and the minor resection with chemotherapy group
(p = 0.005). Although there was no significant difference
in the number of tumors between the groups (except for
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the minor resection alone group), the number of tumors in
the major resection alone group tended to be lower than
those of the major resection with chemotherapy group and
minor resection with chemotherapy group. There was no
difference between the groups in median survival time;
however, the survival of the patients who underwent a
minor resection with chemotherapy tended to be longer
than those of the major resection with or without che-
motherapy groups (Table 6).

Discussion

In general, tumor recurrence in the liver has been linked
to several factors, including the accuracy of the staging
techniques and the presence or absence of positive
resection margins. Another factor may be liver regenera-
tion following a hepatic resection, which may stimulate
occult tumor growth at both intrahepatic and extrahepatic
sites. Growth factors such as hepatocyte growth factor,
epidermal growth factor, and insulin-like growth factor
are generally upregulated early in liver regeneration,
producing a mitogenic response and resulting in rapid
hepatocyte cell proliferation. Many of these factors,
however, have also been implicated in stimulating tumor
growth [23]. It has also been suggested that these growth
factors have a greater stimulatory effect on tumor cells
than on hepatocytes [24]. Some other studies have shown
that liver resection does not result in tumor stimulation;
however, in all these studies, the resections performed
were less than 50% hepatectomies and would be consid-
ered as minor resections [25-27]. A larger resection
causes the liver to express higher levels of growth factors
and cytokines to restore the liver to its functional size in
approximately the same time as for a smaller hepatectomy
[28, 29].

PVE also may stimulate the growth of hepatic tumors
[17-19, 30]. Elias et al. [30] performed studies which
looked at liver regeneration following right portal



World J Surg (2008) 32:2057-2069

2065

Table 5 Demographic and
clinical characteristics in
patients with six or more

Variables

Minor resection
group (n = 13)

Major resection
group (n = 27)

metastases defined by the

Age (years)”
degree of liver resection ge (years)

Gender
Male
Female
Primary tumor
Site
Colon
Rectum
Dukes stage
A/B
C
Histology
Moderate
Others
Liver metastases
Timing
Synchronous
Metachronous
Distribution
Unilateral
Bilateral
Number®
Maximum size (mm)*
Serum CEA (ng/ml)*
Extrahepatic disease
Present
Absent
Treatment-related
Prehepatectomy chemotherapy
Administered
Not administered
Tumor-free margin (mm)
=0
>0
Adjuvant chemotherapy
Administered

Moderate = moderately Not administered

differentiated adenocarcinoma;
CEA = carcinoembryonic
antigen; PVE portal vein
embolization

Proportion with liver recurrence

undergoing resection (%)

64 (46-77) 62 (40-77)
18 9

9

15 4

12 9

8 3

19 10

15

12

23 11

4 2

1 0

26 13

9 (6-27) 8 (6-38)
50 (12-185) 35 (8-110)

80.5 (1-10536)

10 (1.4-4498)

undergoing repeat resection (%)

Proportion with extrahepatic metastases

5

22 9

16 11

11 2

13

14

14 10

13 3

1/18 (6) 0/6 (0)
4120 (20) 1/6 (17)

* Median with range

embolization in patients who had undergone a hepatic
resection to induce hypertrophy of the left hemiliver. It was
found that the growth rate of liver metastases exceeded that
of the normal liver parenchyma, suggesting that the process
of regeneration has a significant proliferative effect on
tumors. Kokudo et al. [19] assessed the proliferative
activity of intrahepatic metastases in the embolized liver

after PVE in 18 patients with colorectal metastases and
found a significantly increased tumor Ki-67 labeling index
in the metastases group with PVE compared to those with
hepatic metastases but not treated with PVE. Tumor growth
after PVE also has been postulated to be controlled by
changes in cytokines or growth factors induced by PVE
and changes in blood supply after PVE.
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Fig..2 Overal.l and disease.—free Ao B o,
survival rates in postoperative 100 | © 100 -
. . . =1} @ E
years for the 40 patients with six £ &
or more liver metastases from E )
colorectal cancer. (A) When the a § P=0.058
patients were divided into those 2 i
who underwent a major g =
. . D
resection (broken lines, n = 27) § <
versus a minor resection (solid « =
lines, n = 13), overall survival & 3 .
was worse in the major- = & i
hepatectomy group (p = 0.028). é §
(B) The disease-free rate tended & 0 5 0
to be poorer, and almost reached 1 A
statistical significance, in the o 1 2 3 4 5 78 6 1 2 3 4 5 6 7 8
major-hepatectomy group (years) (years)
compared to the minor- No.atrisk 0 1 3 7 (years) 0 1 3 5 7 (years)
hepatectomy group (p = 0.058) Major 27 20 5 0 27 5 1 0 0
Minor 13 11 4 1 13 7 1 1 1

Table 6 Impact of hepatectomy procedure and prehepatectomy chemotherapy on median survival time
Hepatectomy Prehepatectomy No. of patients Mean No. of metastatic Median survival
procedure chemotherapy liver tumors® time (months)
Major Administered 24 9.6 (7) 25.8

Not administered 25 6.8 (5) 30.8
Minor Administered 16 9.3 (7) 43.5

Not administered 20 4.7 (4) 70.5

Major = en masse removal of at least the hemiliver with or without some contralateral partial resections; Minor = multiple minor (one section

or less) resections

? Values in parentheses are the median number of metastatic liver tumors

In this study, a major resection was defined as en masse
removal of at least a hemiliver (hemihepatectomy, exten-
ded hemihepatectomy, or trisectionectomy) with or without
some contralateral partial resections. Several minor resec-
tions (sectionectomy or less) conducted for multiple
metastases were defined as a minor resection. Resected
liver weights may include multiple tumors and may not
correctly reveal the differences in the amount of functional
liver volume removed. Accordingly, we used the defini-
tions of major and minor resections as mentioned above.
The decision about which procedure to use for the hepa-
tectomy was made on a case-by-case basis but mainly
depended on the intrahepatic tumor locations. A major
resection was more likely to be performed when one or
some of the liver metastases were located in the deep liver
portion or near the main Glisson sheath and/or the hepatic
vein. On the other hand, a minor resection was performed
more often when the tumors were located in the relative
vicinity of the liver surface.

When a comparison was made between the major- and
the minor-hepatectomy groups, the overall survival was
poorer and the disease-free survival tended to be poorer

@ Springer

in the major-hepatectomy group compared to the minor-
hepatectomy group; however, the number of liver tumors
and the maximum tumor size were greater in the major-
hepatectomy group than in the minor hepatectomy group.
A higher proportion of patients in the major-hepatectomy
group underwent prehepatectomy PVE and a staged
hepatectomy procedure compared to the minor-hepatec-
tomy group to minimize the risk of liver failure. The
other tumor-related variables and treatment-related vari-
ables such as the percentage of those receiving
perioperative chemotherapy or repeat resections for
recurrences were comparable between the two groups.
With respect to factors that affect survival after hepa-
tectomy, by multivariate analysis tumor number was the
only independent prognostic factor after hepatectomy in
this cohort. Because there is a notable impact of the
number of liver tumors on survival after hepatectomy, a
comparison was made again between the major- and the
minor-hepatectomy groups but restricted to patients with
at least six metastatic tumors. Although there was no
significant difference between the groups in terms of
tumor-related and treatment-related factors except for the
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proportion receiving PVE or a staged procedure, the
overall survival was superior and the disease-free sur-
vival tended to be superior in the minor-hepatectomy
group.

General agreement has been reached that patients with
four or more metastatic nodules receive little benefit from
liver resection [1, 31], because most patients with multiple
liver tumors whose macroscopic tumors are completely
resected still harbor microscopic disease and therefore have
a much higher probability of recurrence and poorer sur-
vival [32]. More recent reports have demonstrated that with
recent advances in chemotherapy, long-term survival is
possible in patients who have four or more metastases,
especially when the treatments include administration of a
monoclonal antibody. However, the disease of most
patients will ultimately recur after resection [33, 34]. A
trend toward increased frequency of micrometastases with
increasing numbers of macroscopic tumors can be easily
understood. In this setting, the elimination of all microm-
etastases is impossible, even with a major hepatectomy.
The better survival outcome of the minor-resection group
compared to the major-resection group in the subset having
six or more metastases but no survival difference between
the groups with five or fewer metastases in this study may
suggest that recurrences after a hepatectomy may result
from the more accelerated growth of the micrometastases
left behind from a large hepatectomy compared to the
growth of micrometastases left behind after a minor hep-
atectomy. Although the prognostic significance of
micrometastases after a hepatectomy is still controversial, a
less extensive hepatectomy should always be considered to
avoid the possibility of an accelerated growth of tumor
tissue left in place after a hepatectomy. With respect to the
site of initial recurrence, no difference was observed
between groups. However, when patients with six or more
metastases were selected and analyzed, the remaining liver
recurrence and pulmonary recurrence tended to be higher
in the major-resection group, and recurrence in the other
sites tended to be highest in the minor-resection group.

In the major-hepatectomy group, a two-stage procedure
together with portal vein embolization was conducted in 13
patients, a two-stage procedure alone in 4 patients, and
portal vein embolization alone in 11 patients. Of the other
21 patients who did not have portal vein embolization or a
staged procedure, 11 had six or more metastases and 10 had
five or fewer. When comparison of survival was made
between the 11 patients with six or more metastases who
had no portal vein embolization or a staged procedure in
the major-hepatectomy group and the 10 patients with six
or more metastases who had no portal vein embolization or
staged procedure in the minor-hepatectomy group,
although no significant difference between groups was
observed because of the small number of patients, 1- and 3-

year overall and disease-free survival in the minor-hepa-
tectomy group was 92.3% vs. 62.2% and 53.8% vs. 28.8%,
respectively, which tended to be greater than those of
90.9% vs. 35.4% and 22.7% vs. 22.7%, respectively, in the
major-hepatectomy group (data not shown). According to
these results, although portal vein embolization or the
staged procedure has some effect on patient survival, minor
liver resections may offer the possibility of long-term
survival for patients with multiple liver metastases.

Combined resection/ablation was considered a poor
prognostic factor after hepatic resection [35]. However, as
we reported previously [36], similar overall survival was
observed even when patients were divided on the basis of
whether or not ablation therapy was performed as an
adjunct to hepatectomy, the 1-, 3-, and 5-year survival rates
in patients with resection/ablation being 85.2%, 51.3%, and
27.3%, respectively, and 90.1%, 51.7%, and 43.0%,
respectively, in patients who underwent hepatectomy alone
(p = 0.646). Furthermore, when patients with six or more
metastases were divided into three groups, namely, patients
receiving adequate tumor-free margin resection, those with
resection margins of 0 mm, and those with resection/
ablation, and when survival outcome was compared
between patients with major and minor hepatectomy in
each group, although no significant difference was
observed because of the small number of patients, the
3-year survival of 40% in patients with minor hepatectomy
tended to be greater than that of 20% seen in patients with
major hepatectomy among the group receiving adequate
margin resection. The same tendency was observed both in
patients with resection margins of 0 mm (3-year survival:
50% in minor hepatectomy vs. 28.6% in major hepatec-
tomy) and in patients with resection/ablation (3-year
survival: 100% in minor hepatectomy vs. 56% in major
hepatectomy, data not shown).

Regarding prehepatectomy chemotherapy, when a
comparison was made between the patients who underwent
a major resection without prehepatectomy chemotherapy
and patients who received chemotherapy followed by a
minor resection, the median survival time of the group with
a minor resection and chemotherapy tended to be longer
than that of the group with a major resection alone,
although the number of liver tumors was higher in the
former than in the latter group. Current chemotherapy
regimens can achieve either stabilization or a response in
more than 80% of patients [37, 38], and neoadjuvant che-
motherapy given prior to hepatectomy allows us to extend
the indications for surgery in the presence of multiple
metastases, permitting long-term survival especially in
chemotherapy responders [32, 39, 40]. Furthermore,
neoadjuvant chemotherapy-associated decreases in mi-
crometastases surrounding liver tumors are related to
clinical responses and a favorable outcome [32], and so the
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complete removal of liver tumors could be achieved by a
less extensive resection. Some changes in liver function
postoperatively and an increase in the proportion of mor-
phologic changes in nonmalignant livers occur after
prehepatectomy chemotherapy; however, this therapeutic
approach was not associated with increased morbidity or
mortality unless the administration of chemotherapy was
prolonged [41-43]. Therefore, in treating multiple liver
metastases, chemotherapy before a hepatectomy followed
by a minor resection may offer the possibility of long-term
survival especially in chemoresponders. In the present
study, HAI was used both as neoadjuvant and as adjuvant
chemotherapy. Some reports demonstrated a significant
decrement in hepatic recurrence when HAI adjuvant che-
motherapy was given. While this treatment given alone did
not reliably yield an overall survival benefit [44, 45],
Kemeny et al. reported that HAI therapy increased overall
survival for patients with unresectable colorectal liver
metastases [46] and that postoperative treatment with a
combination of HAI and intravenous chemotherapy
improved outcomes for patients who underwent resection
of liver metastases [47]. Oxaliplatin has been approved for
use by the Japanese health insurance system only since
April 2005, and at present a combination of HAI and an
intravenous oxaliplatin-based regimen is given to patients
as both neoadjuvant and adjuvant treatment in our institu-
tion. Better survival may be obtained by including
administration of oxaliplatin and/or a monoclonal antibody.
According to a recent report [48], imaging showed that
approximately 80% of liver metastases having a complete
response after chemotherapy had persistent macro- or
microscopic residual disease or recurrence. Therefore, we
should try, as far as possible, to eliminate all liver metas-
tases during the operation, especially with minor
resections. However, when it is difficult to recognize
whether there is a tumor remnant, frequent follow-ups
should be performed, and resection should be repeated if a
remnant tumor increases in size.

In conclusion, although the degree of hepatic resection
was not an independent prognosticator, the prognosis of
patients with a major resection with or without PVE or a
staged resection was poorer than that of patients with
multiple minor resections, perhaps due to the induction of
the proliferation of micrometastases by upregulating the
expression of cytokines and growth factors after a massive
hepatectomy. The number of patients in this study was
limited; however, the results of this retrospective study
may suggest a survival advantage for patients with multiple
liver metastases who were treated with multiple minor liver
resections. In addition, neoadjuvant chemotherapy followed
by multiple minor liver resections may offer long-term
survival. Further studies on a larger number of patients and
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a prospective randomized controlled study are needed to
confirm this preliminary finding.
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