metastasis, 83 had the second recurrence in the liver, 29 in
the lung, 12 in both liver and lung and 52 in the other
organs. Sixteen of the 29 patients with pulmonary recurrence
and one of the 12 patients with both hepatic and pulmonary
recurrences were treated surgically. Two patients had under-
‘gone resections for both hepatic and pulmonary recurrences
after more than two hepatic metastasectomies. In the remain-
ing 90 patients who had undergone pulmonary resection as
the first treatment for colorectal metastasis, three had the

second recurrence in the liver, 27 in the lung, four in both

liver and Jung and 16 in other organs. All three patients with
hepatic recurrence were treated surgically. However, all four
patients with both hepatic and pulmonary recurrences under-
went systemic chemotherapy as the second treatment.

As a result, 30 patients underwent both hepatic and pul-
monary resections for colorectal metastasis. The patients
consisted of 19 men and 11 women, ranging in age from 24
to 75 years with a mean of 59 years. Two of the patients had
received adjuvant chemotherapy (tegafur/uracil and
5-fluorouracil/leucovorin) after primary colorectal resection
and one patient had received preoperative chemoradiation for
rectal cancer.

The criteria for hepatectomy were as follows: (1) metastatic
lesions are confined to the liver and technically resectable, (2)
no extrahepatic metastases except resectable pulmonary
metastasis are detected, and (3) liver function is equal to com-
plete resection of all hepatic tumors. The criteria for pulmon-
ary resection were as follows: (1) metastatic lesions are
confined to the lung and technically resectable, (2) no extra-
thoracic metastases except resectable hepatic metastasis are
detected, and (3) cardiorespiratory function is equal to com-
plete resection of all pulmonary tumors. The timing of the
detection of hepatic and pulmonary metastases or the number
of prior resections for metastases did not affect these criteria,
so the selection criteria for further resections for recurrences
after hepatic and pulmonary resections are the same as above.

At hepatectomy, intraoperative ultrasonography was per-
formed to confirm tumor location and size of the lesions in
all patients, and all of the resections were ultrasound-guided
procedures. Hepatic resection was performed by the forceps
fracture method under inflow occlusion (Pringle’s maneu-
ver). At pulmonary resection, hilar or mediastinal lymph
node dissection was used to sample lymph nodes of most
patients who had a lobectomy.

When hepatic and pulmonary metastases were detected
simultaneously, hepatic resection was carried out first,
followed by pulmonary resection.

No patient received adjuvant chemotherapy after hepatect-
omy or pulmonary resection. :

After hepatic or pulmonary resection, patients were
closely followed with diagnostic imaging [chest X-ray and
abdominal computed tomography (CT)] and measurement of
serum carcinoembryonic antigen (CEA) levels every 3
months; they also underwent an annual colonoscopy to
detect any tumor recurrence. The median follow-up of survi-
vors was 53 months.
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MORPHOLOGICAL INVESTIGATIONS

The resected specimens of colon or rectum, liver and lung
were fixed in 10% phosphate-buffered formalin, cut at inter-
vals of 5 mm and embedded in paraffin. Serial sections of
3-pm thickness were stained with hematoxylin and eosin for
morphological examination. Each case was histologically
classified according to the histological type, tumor size,
location, number of metastases, presence of serosal invasion,
nodal status and margin status. Histological diagnosis was
performed according to the World Health Organization intes-
tinal tumor classification (15).

STATISTICAL ANALYSIS

The student t-test was used to compare data between sub-
groups by the location of the primary tumor. The Mann—
Whitney’s U test was used to compare serum CEA levels
between subgroups. Analyses of survival rates were per-
formed using the Kaplan—Meier method (16) and differences
between the curves were tested using the log-rank test.
Factors related to survival were analyzed with the Cox pro-
portional hazards regression model (17). A P value of less
than 0.05 was considered to denote significance.

RESULTS

CLINICOPATHOLOGICAL FEATURES OF PRIMARY AND
METasTATIC TUMORS

The primary tumors were staged as [ (n = 1), Il (n = 10), III
(n=15) and IV (n = 4) according to TNM classification
(Table 1). All patients at stage IV had hepatic metastasis at
resection of the primary tumor.

At the initial hepatectomy, the average number of hepatic
tumors was 2.1 (range, 1—12), the average maximum size
was 3.2 cm (range, 0.3—9 cm) and the average preoperative
CEA level was 19.9 ng/ml (range, 0.8—68.5 ng/ml). In all
hepatectomies, the average number of hepatic tumors was
2.8 and the average maximum size was 3.3 cm. Lymph node
metastasis at the hepatoduodenal ligament was shown in one
patient.

Regarding pulmonary metastases, the average number of
pulmonary tumors was 1.8 (range, 1-5), the average
maximum size was 2.2 cm (range, 0.7—6.7 cm) and the
average prethoracotomy CEA level was 12.4 ng/ml (range,
1.0—66.7 ng/ml) at initial pulmonary resection. In all pul-
monary resections, the average number of pulmonary tumors
was 2.1 and the average maximum size was 2.5 cm. Hilar
lymph node metastasis of the lung was shown in two
patients.

SuraIcAL RESECTIONS FOR HEPATIC AND PULMONARY
METASTASES

Forty-five hepatectomies (30 partial resections, four subseg-
mentectomies, seven segmentectomies and four lobectomies
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Table 1. Correlation between clinicopathologic factors and overall survival in patients with resected hepatic and pulmonary metastases from colorectal cancer

No. Median P No. Median P
survival value survival value
(mo) (mo)

Primary colorectal lesion Pulmonary metastases

Location First pulmonary resection
rectum 13 52.7 0.03 Number of tumors
colon 17 86 1 18 419 031
TNM classification >2 12 27.1
I . 1 88.9 0.02* Maximum size of the tumor (cm)
it 10 48.9 <3 21 3438 0.69
g 15 38.8 >3 9 38.8
v 4 14.6 Distribution of metastases
Lymph node metastasis unilobar : 24 421 0.68
absent 1 548 064 bilobar 6 271 '
present 19 32.8 Hilar or mediastinal lymph node
Histological type of adenocarcinoma negative 28 36.7 0.89
well or moderately differentiated 28 38.7. 0.77 ’ positive 2 43.6
poorly differentiated and others 2 41.7 All pulmonary resections
Number of tumors
Hepatic metastases <3 22 38.7 0.92
First hepatectomy >3 8 4.8
Number of tumors Maximum size of the tumor (¢m)
1 18 40.8 0.26 <3 19 348 0.93
>2 12 36.8 >3 11 38.8
Maximum size of the tumor (cm) Distribution of metastases
<3 14 40.0 0.03 unilobar 21 41.1 0.97
>3 16 358 bilobar 9 30.8
Distribution of metastases ’
unilobar 20 40.8 0.36 CEA level at initial recurrence (ng/ml)
bilobar 10 36.8 <50 25 387 0.34
Lymph node of hepatoduodenal ligament >50 5 ©33.0
ﬁcgative 29 38.8 0.02 Disease-free interval from resection of primary tumor
positive 1 13.9 <1 year 19 38.8 0.23
All hepatectomie.s; >1 year 11 38.6
'folal number of tumors Simultaneous detection of hepatic and pulmenary recurrences
<3 19 38.6 0.79 yes 11 3438 0.35
>3 11 38.8 no 19 3838
Maximum size of the tumor (cm) Initial metastasis in the lung
<3 13 38.8 0.08 ves 3 548 0.72
>3 17 38.6 no 27 386
Distribution of metastases Total number of liver and lung resections
unilobar 17 43.0 0.49 2 13 33.0 0.50
bilobar 13 34.8 >3 17 54.3

CEA, carcincembryonic antigen.
“Stage L, II or TII versus Stage IV.
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according to Couinaud’s anatomical classification (18)) and
40 pulmonary resections (32 partial resections, seven lobec-
tomies and one pneumonectomy) were performed on the 30
patients. The average number of operations performed for
hepatic or pulmonary metastases per patient was 2.8. Three
operations were performed on 11 patients, four operations on
four patients each and five operations on two patients each.

There was no perioperative mortality. Five complications
were observed: two cases of biliary leak and one case each
of portal vein thrombosis after hepatectomy, wound infection
and air leak after pulmonary resection.

The Jocation of initial metastasis was lung in three
patients, liver in 19, and both liver and lung in eight. Eleven
patients experienced hepatic and pulmonary metastases
detected simultaneously.

RECURRENCE AFTER SURGICAL RESECTIONS FOR HEPATIC AND
PULMONARY METASTASES

Among 30 patients who underwent surgical resections for
hepatic and pulmonary metastases, 25 developed recurrences
when recurrence was defined as the first recurrent disease
after at least one resection each for hepatic and pulmonary
metastases. Locations of recurrences were as follows: lung in
11 patients, liver and lymph node in four each, both liver
and lung in three, peritoneum, local recurrence and brain in
one each. Re-resection could be performed in 15 of the 25
patients. Of the remaining 10 patients, eight received sys-
temic chemotherapy, one each received radiation therapy and
best supportive care.

SURVIVAL

Survival time was calculated from the date of the first metas-
tasectomy for the second organ metastasized (liver or lung).

Actuarial overall survival was 58% at 5 years with a
median survival of 39 months (Fig. 1). Disease-free survival
was 56% at 1 year and 8% at 3 years, with a median
recurrence-free survival of 13 months. Nine 5-year survivors
were observed and eight of the nine patients are still alive
without disease. Of the nine 5-year survivors, six had under-
gone three operations and one had undergone four
operations.

When survival time was calculated from the date of the
first metastasectomy for the first organ, actuarial overall sur-
vival was 70% at 5 years with a median survival of 60
months.

CORRELATION BETWEEN CLINICOPATHOLOGIC FACTORS AND
OVERALL SURVIVAL

To find prognostic factors for survival after resection of
hepatic and pulmonary metastases, clinicopathologic factors
and overall survival calculated from the date of the first
metastasectomy for the second organ were analyzed in 30
- patients (Table 1). Primary colon carcinoma (P = 0.03),
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Figure 1. Cumulative survival curves for 30 patients who underwent resec-
tions for both hepatic and pulmonary metastases of colorectal cancer.

stage IV in TNM classification (P = 0.02), maximum size of
hepatic tumor >3 cm at initial hepatectomy (P = 0.03), and
lymph node metastasis of the hepatoduodenal ligament (P =
0.02) were significantly associated with poor overall survival.
Whether hepatic and pulmonary metastases were detected
simultaneously or sequentially was not correlated with survi-
val (P = 0.35). Neither a disease-free interval of less than 1
year from resection of the primary tumor nor initial metasta-
sis in the lung affected survival.

We examined the independent predictive value of the
aforementioned factors on overall survival (Table 2). Lymph
node metastasis of the hepatoduodenal ligament was
excluded from the analysis because only one of the 30
patients had the factor. Primary colon carcinoma (Fig. 2A),
stage IV in TNM classification (Fig. 2B), and maximum size
of hepatic tumor >3 cm at initia] hepatectomy (Fig. 2C) had
predictive value for decreased overall survival after resection
of hepatic and pulmonary metastases from colorectal cancer.

Comparing clinicopathological factors of patients with
primary colon carcinoma and those of patients with primary
rectal carcinoma, maximum size of pulmonary tumors
(2.6 + 1.6 cm versus 1.7 + 0.7 cm) was significantly larger
and prethoracotomy CEA level (18.2 + 23.8 ng/ml versus
5.3 + 5.4 ng/ml) was significantly higher in patients with
primary colon carcinoma. The interval from primary resec-
tion to the first pulmonary resection tended to be longer in
patients with primary colon carcinoma than in patients with
primary rectal carcinoma (25.7 months versus 17.1 months,
median).

DISCUSSION

Results of this study indicate that aggressive multiple resec-
tions for hepatic and pulmonary metastases of colorectal car-
cinoma are safe and contribute to long-term survival in some
patients.

Hepatic and pulmonary metastases may be detected
sequentially or simultaneously in patients ‘with colorectal
carcinoma. Although two distant organs are affected by the
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Table 2. Multivariate analyses of factors affecting overall survival in
patients with resected hepatic and pulmonary metastases from colorectal
cancer

Hazard ratio
(95% CI)

P value

Location of primary fumor
Rectum . — 0.01

Colon 8.74 (1.53—49.91)

TNM classification of primary tumor
L IL 10 — 0.03
v 11.37 (1.34—96.53)

Maximum size of tumor at first hepatectomy (crm)
<3 —_— <0.01
>3 14.47 (2.33-89.85)

ClI, confidence interval; CEA, carcinoembryonic antigen.

disease, several studies have demonstrated the efficacy of
resections for both hepatic and pulmonary metastases
(2—14). However, because of the frequent recurrences after
resections, the best selection criteria for resection have not
been established.

Lenhart ef al. reported a disease-free survival of only 24%
at 2 years in patients who underwent sequential hepatic and
pulmonary resections for colorectal metastases (9). In the
present study, the 2-year disease-free survival rate after the
first metastasectomy for the second organ was also 24% with
a median disease-free survival of only 13 months. The best
treatment strategy for the recurrences after hepatic and pul-
monary resections is obscure. However, only surgical
removal of metastases offers a chance of cure. Aggressive
repeat metastasectomy has been applied for recurrences after
hepatic and pulmonary resections in our institution.

For the 30 patients of the present study, 45 hepatectomies
and 40 pulmonary resections were performed and 17 patients
received three or more resections with a maximum of five
resections. Overall survival after the first metastasectomy for
the second organ was 58% and nine 5-year survivors were
observed. Surprisingly, seven of the nine 5-year survivors
had undergone three or more resections. When survival time
was calculated from the date of the first metastasectomy for
the first metastasized organ, overall survival reached 70% at
S years with a median survival of 60 months in the present
study. Little is available on the result of repeat metastasec-
tomy for recurrences after hepatic and pulmonary resections.
Our results of long-term survival after hepatic and pulmon-
ary resections in spite of frequent recurrences support the
view that patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal cancer are in
a selected population but can sometimes survive a long time
with multiple metastasectomies. Interestingly, a recent study
by Shah er al. also reported 74% 5-year survival rate after

A 100
Primary rectal cancer
£ o a'y
= '———o0——0
2
2 60
a3
2 20 Primary colon cancer
k]
2
E
o 204
04
0 1 2 3 4 5 6 7 8 9 10
Time after surgery (years)
B 100/
g 80
g
S 6o Stage |, [l and il
3
7]
2 0] Stage (v
3
£
O 204
o4
0 1 2 3 4 5 6 7 8 9 10
Time after surgery (years)
C100- < 3cm
g 804
3
B 60
=
Z]
o
2 i 2 3cm
£ 40
2
E
O 204
0.

T v T T T T T Y T T T —

0 1 2 3 4 5 6 7 8 9 10
Time after surgery (years)

Figure 2. Cumulative survival curves after resections for hepatic and pul-
monary metastases of colorectal cancer according to {A) location of primary
tumor, (B) stage in TNM classification, and (C) maximum size of hepatic
tumor at initial.

multidisciplinary surgical metastasectomies for colorectal
cancer (19). The strategy and results of Shah ez al. were
similar to ours. However, while a majority of the patients
received adjuvant chemotherapy after metastasectomies in
Shah’s study, no patient underwent adjuvant chemotherapy
in the present study. These results indicate that the strategy
of aggressive multiple metastasectomies count more than .
postoperative chemotherapies in the treatment for very
restricted population of patients.
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We found three factors for poor prognosis: size of hepatic
tumor >3 cm at the first hepatectomy, primary colon carci-
noma and stage IV tumor.

Maximum size of the hepatic tumor has been reported to
be one of the important prognostic factors after hepatic

" resections for colorectal hepatic metastasis (20,21). This
factor could affect prognosis in this population.

The reason for poor prognosis in patients with primary
colon cancer is unknown. Patients with primary colon cancer
had larger pulmonary tumors, higher CEA levels at the first
pulmonary resection and relatively longer intervals from
primary resection to the first pulmonary resection than
patients with primary rectal cancer. A higher prethoracotomy
CEA level was a factor of poor prognosis after hepatic and
pulmonary resections in several studies (6,11). However, the
reason why patients with primary colon cancer had more
advanced pulmonary tumors than those with primary rectal
cancer was unclear. A ‘cascade’ hypothesis based on the
anatomy of the draining veins from the colon and rectum
suggests that pulmonary metastasis in patients with primary
colon carcinoma might come from hepatic metastasis with
prdgressive site-induced change; however, pulmonary metas-
tasis in patients with primary rectal carcinoma might come
directly from the primary tumor, which seemed to be compa-
tible with our results (22—24). However, the prognostic
power of primary tumor location has not been demonstrated
yet in patients with resected colorectal pulmonary metastasis
(25-27); further examinations are needed to verify the
hypothesis.

Neither the large size of the hepatic tumor nor primary
colon carcinoma might influence the selection criteria for
hepatic and pulmonary resections, because several long-term
survivors were observed, even among patients with those
factors.

Patients with stage IV disease had a poorer prognosis and
showed no long-term survival. However, stage IV itself
should not be considered as a contraindication for resections
because the follow-up duration of patients with stage IV was
short and the poor prognosis in stage IV was not consistent
with the result that the disease-free interval from primary
resection showed no correlation with prognosis.

Other factors such as synchronous metastasis (5), bilateral
or multiple lung metastases (5,7), multiple liver metastases
(8), short disease-free interval (8), simultaneous liver and
lung metastases (10), mediastinal nodes involvement (11),
primary histology (12) and high levels of both CEA and
CA19-9 before metastasectomy (13) have been reported as
prognostic factors after hepatic and pulmonary metasta-
sectomy of colorectal cancer. Among those factors, whether
the timing of the detection of hepatic and pulmonary metas-
tases influences prognosis after resections has been an issue.
In the present study, none of the aforementioned factors,
including the timing of the detection of the metastases,
showed any prognostic value. Based on our results, no single
factor that contraindicated resections for hepatic and
pulmonary metastases of colorectal cancer was identified.
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Thus, surgical resections might be the best option when both
hepatic and pulmonary metastases are resectable in colorectal
cancer. However, treatment for patients with several poor
prognostic factors for multiple resections is still unknown.

The reason for the high survival rate 5 years after resec-
tions for hepatic and pulmonary metastases in our study
might be partly explained by precise intrathoracic and
abdomina! examinations using helical computed tomography
(28,29). However, it can not be denied that patients who can
undergo both hepatic and pulmonary metastasectomy for
colon cancer might have unique characteristics in some
factors. For example, there may be some unique host-tumor
interaction, considering the rare possibility of both hepatic
and pulmonary resections for colorectal metastases and the
surprisingly high survival rate after the metastasecomies in
spite of multiple, multiphase and multi-organ metastases.
The aforementioned hypothesis is supported by the fact that
excellent survival in the present study was achieved, unex-
pectedly, without any help of adjuvant chemotherapy,
although adjuvant chemotherapy after pulmonary or hepatic
metastasectomy is a potential treatment for improving the
prognosis of patients with colorectal cancer. Further investi-
gation to clarify the reason for the good prognosis of this
population might elucidate the mechanisms of metastases in
colorectal cancer.

A limitation of our study is the relatively small population,
because patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal carci-
noma are rare. There is some possibility that correlations
between several clinicopathological factors such as positive
lymph nodes of the hepatoduodenal ligament, hilus pulmo-
nis, or mediastinum and survival after resections could not
be sufficiently validated because -of the small cohort. A large
multi-institutional study is recommended to verify the

-correlation.

In conclusion, multiple resections for hepatic and pulmon-
ary metastases of colorectal cancer are safe and effective.
Surgical resections could be the best option for resectable
hepatic and pulmonary metastases in colorectal cancer.
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Abstract
Although many reports have described laparoscopic
minor liver resections, major hepatic resection, including
right or left lobectomy, has not been widely developed
" because of technical difficulties. This article describes a
new technique for performing laparoscopy-assisted right
or left hepatic lobectomy using hilar Glissonean pedicle
transection. Laparoscopic mobilization of the right or
left hepatic lobe is performed, including dissection of the
round, faliciform, triangular, and coronary ligaments.
The right or left Glissonean pedicle is encircled and di-
vided laparoscopically. A parenchymal dissection is then
performed though the upper median or right subcostal
incision, through which the resected liver is removed.
We successfully performed this procedure in 6 patients
without blood transfusion or serious complications.
Laparoscopy-assisted hepatic lobectomy using hilar
Glissonean pedicle transection can be feasible and safe
in highly selected patients.

Key words: Laparoscopy — Hepatic lobectomy —
Glissonean pedicle

Laparoscopy for liver resection is a highly specialized
field, as laparoscopic liver surgery presents severe tech-
nical difficulties. However, the recent rapid development
of technological innovations, improvements in surgical
skills, and the accumulation of extensive experience by
surgeons have improved the feasibility and safety of a
laparoscopic approach for properly selected patients.
Since the first report of laparoscopic anatomical left
lateral segmentectomy in 1996 [1], a limited number of
laparoscopic anatomical liver resections have been de-
scribed [2-6, 9, 12]. During open right or left hepatic
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lobectomy, the right or left Glissonean pedicle is often
ligated and divided en bloc extrahepatically before
parenchymal dissection [10, 11]. Herein we describe our
experience with laparoscopic encircling and dividing the
right or left Glissonean pedicle during laparoscopy-as-
sisted right or left hepatic lobectomy, representing the
first description of this laparoscopic technique.

Surgical procedure

The patient is placed in a supine position when left lobectomy is
performed, and in a left semi-lateral decubitus position for right
lobectomy. A 12-mm trocar is placed 1 cm below the umbilicus,
through which CO, gas is delivered. Pneumoperitoneum is controlled
electronically at a pressure of 10 mmHg. The other three trocars are
located as shown in Figure 1. The round ligament is transected using
laparoscopic coagulation shears (LCS; Ethicon Endo Surgery
Industries, Cincinnati, OH, USA), and the falciform and coronary
ligaments are then dissected to expose the suprahepatic inferior vena
cava (IVC). The lesser omentum is sectioned and the hepatoduodenal
ligament is encircled by a tape to be used as a tourniquet for com-
plete interruption of blood inflow to the liver only if necessary. For
left lobectomy, the left triangular and coronary ligaments are divided
to expose the left hepatic vein, so that the left lateral segment can be
mobilized. The ligamentum venosum is then divided with LCS while
the lateral segment is retracted. Dissection of the porta hepatis is
performed with laparoscopic scissors between the hepatic paren-
chyma and the left Glissonean pedicle, which is then encircled using

" the Endo Retract Maxi (ERM; United Surgical, a division of Tyco

Healthcare group LP; Norwalk, CT, USA) at the hepatic hilum
(Fig. 2). The left Glissonean pedicle is divided with a Linear Cutter
(Ethicon Endo Surgery Industries, Cincinnati, OH, USA). Next, an
upper median incision approximately 6 cm long is made and covered
with a Lap Protector (Hakko Shoji, Tokyo, Japan). Parenchymal
dissection is performed through the upper median incision to prevent
gas embolism, and is continued to the left hepatic vein, which is not
meticulously dissected to reduce the risk of tearing. The left hepatic
vein is sectioned using a Linear Cutter. The left lobe is then delivered
through the upper median incision. For right lobectomy, the right
lobe is mobilized by dividing, with laparoscopic scissors and LCS, the
hepato-renal, right triangular, and right coronary ligaments, as well
as the lateral attachments of the right lobe. The right Glissonean
pedicle is encircled using the ERM at the bifurcation in the hepatic
hilum (Fig. 3). A little dissection of the hepatic parenchyma covering
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Fig. 1. Diagrams of typical trocar placement for laparoscopy-assisted
hepatic lobectomy. A. Left lobectomy. Patient is supine with lower
limbs apart, and the surgeon stands between the legs. B. Right
lobectomy. The surgeon is on the left side.

. Fig. 2. The left Gllssonean pedicle is encircled with the Endo Retract
Maxi (ERM) (A) and divided by the Linear Cutter (B).

the bifurcation of the right anterior and posterior Glissonean pedicles
facilitates encircling these structures. The right anterior and posterior
Glissonean pedicles are encircled with the ERM (Fig. 4) and divided
with the Linear Cutter. Next, a right subcostal incision approxi-
mately 8 cm long is made and covered with a Lap Protector. A tape
is passed between the anterior surface of the IVC and the posterior
surface of the caudate lobe for the liver-hanging maneuver through
the right subcostal incision, after which parenchymal dissection
proceeds from the liver surface to the tape through the right sub-
costal incision. After liver transaction, the short hepatic veins are

divided with endoscopic vascular clips (Ethicon Endo Surgery .

Industries, Cincinnati, OH, USA), and finally the right hepatic vein is
sectioned with the Linear Cutter. The right lobe is then delivered
through the right subcostal incision.

1467

Fig. 4. The right anterior (A) and posterior (B) Glissonean pedicles are
encircled with the ERM.

Results

We successfully performed laparoscopy-assisted left
lobectomy in 4 patients and laparoscopy-assisted right
lobectomy in 2 patients, as planned. No procedures
were converted to open hepatectomy. Mean operative
time was 175 min (range, 95~330 min). Mean blood
loss was 370 mg (range, 80-1250 mg). No patient
required blood transfusion and no serious complica-
tions were encountered. Mean duration of hospital-
ization was 9 days (range, 4-14 days). Underlying
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pathology was hepatocellular carcinoma (n = 2), int-
rahepatic stones (n = 2), metastatic liver tumor
(n = 1), and benign liver tumor (n = 1). All lesions
were well clear of surgical margins.

Discussion

Laparoscopic liver surgery was initially limited for
partial resections because of the technical difficulties
involved [7, 13]. Recent technological developments and
improved endoscopic procedures have spread applica-
tion of laparoscopic liver resection widely. However,
only a few laparoscopic hepatic lobectomies have been
reported. The hepatic artery, portal vein, and bile duct,
together with connective tissue, are sheathed by the
peritoneum to form a fibroid bundle. This portal triad
continues from the hepatoduodenal ligament to the
intrahepatic portion as the Glissonean pedicle. The en-
tire length of the primary branches of the Glissonean
pedicle and the origin of its secondary branches are lo-
cated outside the liver, and the trunks of the secondary
and more peripheral branches run inside the liver [10].
The right or left Glissonean pedicle can thus be ligated
and divided en bloc extrahepatically before parenchymal
dissection during open hepatic lobectomy [10, 11]. We
successfully performed laparoscopic encircling and
dividing the right or left Glissonean pedicles extrahep-
atically before parenchymal dissection in all 6 patients in
whom this approach was attempted. Thanks to metic-
ulous and sufficient dissection between hepatic paren-
chyma and the Glissonean pedicle at the hepatic hilum
and encircling the Glissonean pedicle with the ERM,
little bleeding was encountered during hilar procedures.

Although a similar laparoscopic technique in which
the Glissonean pedicle is encircled has been reported for
hemihepatic ischemia, hilar Glissonean pedicle transec-
tion and lobectomy were not performed [8]. Previous
reports relating to laparoscopic or laparoscopy-assisted
right lobectomies have described the right hepatic ar-
tery, duct, and portal vein as being dissected and divided
separately [9], or the right Glissonean pedicle being
transected through the midline incision [5]). We believe

that the present procedure can reduce operation time
and the size of the additional incision. Although our
experience is limited and appropriate indications must
await future studies, we believe that laparoscopy-as-
sisted hepatic lobectomy using hilar Glissonean pedicle
transwction can be feasible and safe in highly selected
patients and offers the usual benefits of laparoscopic
surgery, such as reduced invasiveness.
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The preoperative diagnostic ability of multislice CT (MSCT) colonography was evaluated for the invasion depth of
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and 60% in Tis, T1, T2, T3, and T4, f(_aspectively. The diagnostic accuracy of CTC was comparable to that of contrast
enema. The diameter of tumors was significantly smaller in the misdiagnosed group. Thus, the diagnostic accuracy was
poor for early cancers, which are frequently small. However, the number of patients studied was small, and further stu-
dies are needed.
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ABSTRACT

Backg‘round/Alms Japanese general rules for. the
staging of colorectal cancer conventlonally class1fy
lymph node metastasis 1nto three groups accordlng
to location with respect to the primary tumor. Skip
metastasis, in which distant nodes are ‘positive but
‘regional nodes are negative, is-often encountered but
“poorly understood We studied the chnlcopathologl-
cal features of skip metasta51s in colorectal cancer.
Methodology: The location of positive nodes was
classified in 323 patients with Dukes’ stage C col-
orectal cancer. Skip n2 lymph node metastasis was
defined as positive N2 metastasis without negative
N1 or N3 metastas1s Chnlcopathologlcal findings
and, sumval were compared between the patlents
with sklp n2 metastasis (skip n2 group) and those
with n1 (n1 group) or n2 metastasis (n2 group)

_I}esults There were 211 pgtlents in the nl group, :

91 in the n2 group, and 21 in the skip n2 group.
Pathological examinatiori showed that the skip n2
group had fewer positive nodes than the nl and n2
groups, but was positioned between these groups
with respect to the degree of lymphatic invasion. Cu-
mulative survival was significantly poorer in the n2
group than in the skip n2 group (p=0.039 by log:
rank test). Survival was similar in the skip n2 g'roup'
and nl group. There was also no dlfference in sur-
vival between patients in the skip n2 group and pa-’
tients with one, two; or three N1 metastases.

Conclusions: Lymph nodes with skip n2 metasta-
sis are most likely sentinel nodes of the primary
tumor in patients with colorectal cancer. The prog-
nosis of patients with skip n2 metastasis is there-
fore better than that of patients with n2 metastasis

and similar to that of patients with n1 metastasis. -

INTRODUCTION

Although various prognostic factors have been
proposed in colorectal cancer, lymph node metastasis
and the depth of tumor invasion remain the most re-
liable predictors of outcome. The presence of lymph
node metastasis has been used in many staging sys-
tems since the establishment of Dukes’ classification
(1). The numbers or locations of lymph node metas-
tases are included as staging factors for lymph node
metastasis in Dukes’ stage C disease (2-5).

In Japan, lymph node metastasis is classified ac-
cording to the General Rules for Clinical and Patho-
logical Studies on Cancer of the Colon, Rectum and
Anus (6). Information on the number of positive nodes
and the location of lymph node metastasis is thereby
provided. Skip metastasis, in which distant nodes are
positive but regional nodes are negative, is often en-
countered but poorly understood. The presence of
skip metastasis can increase the risks associated with
laparoscopic surgery or other minimally invasive pro-
cedures. Failure to diagnosis skip metastasis can also
lead to selection of ineffective regimens for
chemotherapy. To gain a better understanding of the

Hepato-Gastroenterology 2007; 54:81-84
© H.G.E. Update Medical Publishing S.A., Athens-Stuttgart

status and implications of skip metastasis, we stud-
ied the clinicopathological features of skip metastasis
in patients with Dukes’ stage C colorectal cancer.

METHODOLOGY
Patients and Methods

From February 1990 through August 2002, we
studied 323 patients with Dukes’ stage C colorectal
cancer who underwent curative resection at Kana-
gawa Cancer Center. Patients with multiple advanced
cancers or mucinous or signet-ring-cell carcinomas
were excluded.

During operation, the distance from the tumor
margin was measured and marked on the mesentery
at 5-cm intervals to determine lymph-node location.
The mesentery was separated from the resected spec-
imen and fixed in 10% formalin solution. All removed
lymph nodes were embedded in paraffin, stained with
hematoxylin and eosin (HE), and examined histopatho-
logically to determine metastatic status. The resected
nodes were histologically examined by two patholo-
gists. We evaluated the numbers of positive nodes and
the locations of lymph node metastases and classified
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nal iliac arteries. The paracolorectal nodes located
" within 5em from the tumor margin are classified as
N1 nodes, and those between 5 and 10cm from the

TABLE 1 The Number of Cases with Skipping Nodal Metastasis of n2
according to the Location of the Tumor

Location nl

Skipn2 n2 Total cases Skip % tymor margin are classified as N2 nodes. The N2
Colon Cecum' 7 1 4 12 8.3%_  nodes also include the main nodes, with the excep-
Ascending 24 1 9 34 2.9% . - .
tion of the N3 nodes, around the origin of the main
Transverse 14 1 3 18 5.6% . . .
Descending 10 2 1 16 12.5% vessel. The patients were classified as having nl, n2, -
Sigmoid 63 5 96 94 5.3%  or n3 lymph node metastasis according to the level of
Rectum Rectosigmoid 35 1 10 46 . 9.9%  the most distant, microscopically positive nodes.
Rectum above 17 5 7 29 17.2%  These categories are defined as follows: nl metasta-
peritoneal reflection sis means positive nodes only in the N1 region; n2
Rectum below 39 5 27 7 7.0%  metastasis indicates positive nodes in the N1 and N2

peritoneal reflection

regions and negative nodes in the N3 region; and skip
n2 metastasis means positive nodes in the N2 region,
but negative nodes in the N1 and N3 regions. In ad-
dition, cases with positive lateral pelvic nodes, but
negative paracolorectal nodes and main nodes were

TABLE 2 Number of the Cases in Three Directions of the Skip n2 Metastasis
according to the Location of the Tumor

Location Main Paracolorectal Lateral Total i
nodes nodes nodes cases  also considered positive for skip n2 metastasis.
Colon  Cecum 1 1 ~ Clinicopathological findings and survival were
Ascending 1 1 compared between the skip n2 group and the nl or n2
Transverse 1 1 group. The chi-square test and unpaired ¢-test were
Descending 1 1 2 used for statistical analysis of two unpaired samples.
Reoctum SRliT;;’i‘;m o ? 51, Cumulative 5-year survival rates were calculated by
Roctum above 5 5 the Kaplan-Meier method. The log-rank test was used
peritoneal reflection to compare survival curves. All tests were two-tailed,
Rectum below 3 ) 5 and p<0.05 was considered to indicate statistical
peritoneal reflection ‘ - significance.
17 2 2 21 ’
RESULTS
The 323 patients with Dukes’ stage C disease were
n growp j 0927 classified according to the location of positive nodes.
---------- skip n2 ' 0.0001 There were 211 patients in the nl group and 91 in
% group :I 0039 the n2 group, as compared with only 21 in the skip n2
100 === n2 group
By log-rank test gT oup.
70.0% Skip n2 metastasis was most commonly associat-
: N=211 ed with primary tumors arising in the descending
CLTLILIISETITTITITITITE. B colon and upper rectum as compared with other por-
10.0% tions of the colorectum (Table 1). The direction of
50 skip n2 metastasis with respect to the location of the

primary tumor was mainly along the main nodes

51.4% (Table 2). Two of five cases (40%) of lower rectal
- cancer had skip metastasis to the lateral pelvic
nodes.
Clinicopathological examination (Table 3)
showed that the frequency of well-differentiated ade-
1 5 10 years : ! X

nocarcinoma was higher in the skip n2 group than in
the nl or n2 groups. The degree of lymphatic invasion
in the skip n2 group was intermediate between those
in the nl and n2 groups. Other clinicopathological
findings did not differ significantly among the three
groups.

The mean number of positive nodes in the skip
n2 group was significantly lower than those in the n1

FIGURE 1 Overall survival rates of patients with n1, skip n2, and n2 lymph nodes metastasis.

positive nodes as nl1, n2, and n3 according to the Japan-

ese General Rules for Clinical and Pathological Stud-

ies on Cancer of the Colon, Rectum and Anus (6).
The Japanese rules propose that colon cancer has

two directions of lymph nodes metastasis: along the
axis of the bowel (paracolic nodes) and along the ori-
gin of the main vessel supplying the primary tumeor
site (main nodes). Rectal cancer has three types of
lymph node metastasis: paracolic nodes, main nodes,
and lateral pelvic nodes along the internal and exter-
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and n2 group (Table 4).

Cumulative survival was significantly poorer in the
n2 group than in the skip n2 group (p=0.039 by log-
rank test). Survival was similar in the skip n2 group
and nl group (Figure 1). There was also no difference
in survival between the'skip n2 group and patients
with one, two, or three N1 metastases (Figure 2).
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TABLE 3 Clinicopathological Features of the Three Groups

nl group skip n2 group n2 group P value
Gender male 118 12 58 0.448
female 93 9 33
Age ) 62.0 0.8 66.6+1.8 62.7+1.2 ns
Diameter (mm) 47.1+x1.3 49.0£2.7 51.3+1.9 ns"
Histological type® wel 65 10 14
mod 129 . 11 69 0.010
por 17 0 8
Macroscopic type 1 31 4 9
2 146 12 60
3 26 5 17 0.414
4 - 8 0 5
Depth of invasion 11 9 1 0
12 19 2 5
13 108 10 42 0.003
14 75 8 44
Iy* ' 0 49 5 14
1 129 12 45
2 27 3 24 0.011
3 6 0 8
Ve 0 87 9 27
-1 65 5 32 :
2 49 7 27 ) . 0435
3 9 0 5
ns™" ; there were no significance between nl, skip n2 and n2 groups.
» Histological type-wel: well differentiated adenocarcinoma; mod: moderately differentiated adenocarcinoma;
por: poorly differentiated adenocarcinoma.
bly: lymphatic invasion were classified with degree of amounts of tumor invasion.
°v: venous invasion were classified with degree of amounts of tumor invasion.
DISCUSSION .
Our study showed that skip n2 metastasis was less % ;
common than nl and n2 metastases. The degree of 100 L aip 2
lymphatic invasion associated with skip n2 metasta- Didammyy),
sis was intermediate between that of n1 and n2 metas- H ,__.'_':":_‘
tases, suggesting that implantation of tumor cells in ' 1- ! ‘...._.1 B
distant lymph nodes requires a high degree of lym- : 1 "".....n._.l.....»: —
phatic invasion. N ' : n=2
Recently, many investigators have reported that Lo N105
sentinel node mapping is useful for staging colorectal skip n2 e 50,7662
cancer (7-9). Marrie et al. (10) found that directlym- | & e By log-rank test
phatic drainage to apical anatomic skip lesions oc- B
curred in 15% of 26 colon cancers evaluated by ker- 50 "
atin 20 reverse transcription polymerase chain reac- S Syr Joyr
tion. Saha et al. (11) reported skip metastasis in 3.9% prp T oy
* of colorectal cancers on hematoxylin and eosin stain- - b gl
ing. The incidence of skip metastasis in colorectal can- s 7508 s

cer as assessed by molecular techniques is estimated
to be higher than previously estimated (8).

Our study also demonstrated that the survival of
patients with skip n2 metastasis was similar to that
of patients with one, two, or three N1 metastases.
Moreover, the mean number of positive nodes in the
skip n2 group was significantly lower than that in the

FIGURE 2 Overall survival rates of paﬁents with ong, two, three lymph node metastasis in N1
area and skip n2 lymph node metastasis.

ensure that metastatic lymph nodes are completely re-
sected along with the primary tumor.
Yamamoto et al. (12) found that the presence of

nl and n2 groups. This finding suggests that most
lymph nodes with skip metastasis are sentinel nodes.
Lymph node mapping is therefore useful for detect-

ing lymph nodes with skip metastasis and can help to )

skip metastasis is associated with better outcomes than
the absence of skip metastasis in patients with colorec-
tal cancer. Shida et al. (13) reported that 31.6% of pa-
tients with n2 colon cancer have skip metastasis, but
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TABLE 4 Comparison of the Number of Lymph Nodes with Metastasis

Total number of Total number of lymph

M Shiozawa, M Akaike, R Yamada, et al.

Number of Number of n2 lymph

dissected lymph nl lymph nodes with metastasis nodes with metastasis
nl group 29.7+1.2 2.5+0.2 0 ) 2.5+0.2
P=0.489 P=0.036
skip n2 group 26.9+3.2 P=0.628 0 |P<0001 1.2+0.1 1.3+0.1 P<0.001
P=0.59 P=0.010 P<0.001
n2 group 28.7+1.4 4.2+0.4 2.5%0.2 _ 6.8+0.5
(Mean*SE)

found no significant difference between patients with
skip metastasis and those without skip metastasis. We
found that the outcome of patients with skip n2 metas-
tasis was similar to that of patients with n1 metasta-
sis, but better than that of patients with n2 metasta-
sis. This finding justifies the staging of colorectal can-
cer according to the number of lymph node metastases,
as done in the TNM classification (14). However, an
anatomical assessment of lymph node metastasis is
useful for deciding the required extent of mesenteric
lymph node resection. Moreover, the possibility of skip
metastasis should be considered in patients undergo-
ing curative resection for colorectal cancer.

Our results suggest that both the locations and
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ABSTRACT

Background/Aims: This study was conducted to
evaluate the effects of lateral lymph node dissection
(LLD) on overall survival, disease-free survival, and
local recurrence for the patients with lower rectal
cancer. ’
Methodology: From 1990 through 2000, 169 con-
secutive patients with T2 (TNM classification) or
more advanced, extended lower rectal cancer (locat-
ed below the peritoneal reflection) underwent cura-
tive resection at Kanagawa Cancer Center were
reviewed. )

One hundred and forty-three patients who under-
went LLD and the 26 patients who did not were
entered in this study.

Results: Cox’s multivariate regression analysis
showed T stage (TMN classification), N stage (TNM
classification), and LLD were found to be significant-
ly related to the rates of both cumulative survival

and disease-free survival. That mean LLD was iden-
tified as a significant prognostic factor. But disease-
free survival did not differ significantly between the
patients who underwent LLD and those who did not
undergo LLD in stage I, I, or III disease (p=0.3681,
p=0.1815, and p=0.0896, respectively).

The local recurrence rate was similar in patients who
received LLD (17.5 percent) and in those who.did not
receive LLD (23.1 percent; p=0.498). But 7 patients
with lateral lymph node metastasis (33.3 percent)
remained disease free. And these patients had local
lateral lymph node metastasis and benefited from
LLD.

Conclusions: LLD can substantially improve out-
comes in selected patients at high risk for lateral
lymph node metastasis. A randomized controlled
clinical study is necessary to clarify the role of LLD .
in the treatment of rectal cancer.

INTRODUCTION

In lower rectal cancer, lymphatic drainage is main-
ly to the superior rectal artery and inferior mesenteric
artery or to the lateral lymph nodes beyond the pelvic
nerve plexus (1-3). Lymph node metastasis most fre-
quently occurs along the inferior mesenteric artery,
and patients with lateral node metastasis have a poor
prognosis (4-6). Lateral lymph node dissection (LLD)
has therefore received considerable attention.

In Japan, extended lymphadenectomy has been
done to improve outcome in rectal cancer (7-9), but
complications associated with auto-nerve resection,
such as urinary dysfunction and sexual disturbance,
became evident with improved survival (7,10). Subse-
quently, surgeons in Japan developed a procedure for
LLD with auto-nerve preservation (4,11-15). This pro-
cedure has improved urinary function, but sexual
function remains unsatisfactory (4,11). Lateral lymph
node metastasis has been considered systemic disease
in patients with rectal cancer (16). However, some
patients have only lateral lymph node metastasis, and
the lateral lymph nodes have been designated region-
al lymph nodes (6,17,18). Such patients have had good
outcomes after LLD. Available evidence thus suggests

Hepato-Gastroenterology 2007; 54:1066-1070
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that LLD should be avoided in patients with a low risk
of lateral lymph node metastasis or those unlikely to
benefit from the procedure, thereby enhancing their
postoperative quality of life. On the other hand, LLD
should be done patients likely to benefit from the pro-
cedure in terms of a lower risk of local recurrence and
an improved outcome. In this retrospective study, we
evaluated the effects of LLD on overall survival, dis-
ease-free survival, and local recurrence.

METHCDOLOGY

From 1990 through 2000, 169 consecutive patients
with T2 (TNM classification) or more advanced,
extended lower rectal cancer (located below the peri-
toneal reflection) underwent curative resection at
Kanagawa Cancer Center. The diagnosis of depth of
tumor invasion was due to barium enema, computed
tomography, and colonoscopy. Because liver metasta-
sis, peritoneal dissemination, and distant metastasis
were considered to have a far stronger impact on out-
come than LLD, patients with these conditions were
excluded from analysis. Histopathologically, well,
moderately, and poorly differentiated adenocarcino-
mas and mucinous adenocarcinomas were studied.
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Clinicopathological data was obtained from clinical
chart, retrospectively.

" The indication for LLD was originally T2 or more
advanced, extended lower rectal cancer. We performed
LLD with auto-nerve preservation. This procedure
was contained total mesorectal resection. LLD was not
done in patients who had cardiovascular complications
or respiratory dysfunction, elderly patients, and those
not consenting to the procedure. Patients were fol-
lowed up by computed tomography and measurement
of serum tumor makers (CEA and CA19-9) at inter-
vals of 2 to 4 months for the first 2 years and 4 to 6
months thereafter. Median follow-up was 5.6 months.
Adjuvant chemotherapy was recommended in all
patients, and received by only patients hoped. Radio-
therapy was not given.

The statistical significance of differences between
groups was evaluated with the chi-square test and ¢-
test. Cumulative survival rate and disease-free sur-
vival rate were calculated by the Kaplan-Meijer
method, and survival curves were compared by the
log-rank test. Cox’s regression analysis was used for
univariate and multivariate analyses. A p value of
<0.05 was considered to indicate statistical signifi-
cance.

RESULTS
Clinicopathological Features of the Patients
and Related Factors

The clinicopathological features of the 143
patients who underwent LLD and the 26 patients who
did not are shown in Table 1. Mean age (p=0.008)
and preoperative complications (p=0.008) differed sig-
nificantly between these groups. :

The overall rates of cumulative survival and dis-
ease-free survival at 5 years were 73.3 percent and
61.5 percent, respectively (Figure 1). Cox’s univari-
ate regression analysis showed that the cumulative
survival rate was significantly related to macroscopic
type, T stage (TMN classification), N stage (TNM clas-
sification), preoperative levels of CEA and CA19-9 in
serum, and LLD (Table 2). In addition to these fac-
tors, disease-free survival rate was significantly relat-
ed to histological type and intraoperative lymph node
metastasis (Table 3). T stage (TMN classification), N
stage (TNM classification), and LLD were found to be
significantly related to the rates of both cumulative
survival and disease-free survival (Tables 4, 5). LLD
was thus an important prognostic factor for both
cumulative and disease-free survival.

Survival Rate of Patients Undergoing LLD and
Those Not Undergoing LLD

The disease-free survival rate at 5 years was sig-
nificantly higher in patients who underwent LLD
(65.4 percent) than in those who did not undergo LLD
(39.0 percent; p=0.0182) (Figure 2). Disease-free sur-
vival did not differ significantly between the patients
who underwent LLD and those who did not undergo
LLD in stage I, II, or III disease (p=0.3681, p=0.1815,
and p=0.0896, respectively) (Figure 3).

TABLE 1 Clinicopathological Features of Patients

LLD No LLD
(N=143) (N=26) P value

Sex male 102 17

female 41 9 0.541
Age (Mean+SE) 60.2+0.9 66.4*x19 0.008
Macroscopic type elevated 120 17

depressed 23 9 0.088
Tumor diameter (Mean+SE) 53.2+1.7 52.6+59 0.902
Pathological type well 49 10

mod 81 14 0.909

others 13 2
Depth of invasion pT2 37 9

pT3 91 14 0.613

pT4 15 3
Lymph node status pNO 67 10

pN1 35 7 0.72

pN2 41 9
Pathological stage (TNM) I 28 5

II 39 5 0.66

111 76 16
Adjuvant chemotherapy ) 61 .18 0.075

(+) 82 10
Preoperative serum CEA normal 115 21

high 28 5 0.967
Preoperative serum normal 115 19
CA19-9 high 28 7 0.395
Preoperative complications (- 112 14

+) 31 12 0.008

Disease-free survival

Cumulative survival .
curve of all patients curve of all patients

Survival Survival

e 5 (N=169) rale o {N=168)
” \ mo —————
73.3%
61.5% 60.5%
50 sa% X

[ 10y 5 10y

Time aftes surgery (years) Time ater surgery (years)

FIGURE 1 Mean observation period was 3390146 (S.E.) days (95%Cl:
3104-3675) after surgery for cumulative survival and 3098+157 (S.E.)
days (95%CI:2790-3405) after surgery for disease-free survival.

Lateral Lymph Node Metastasis and Effect of
LLD in Stage III Disease

The rate of disease-free survival 5 years after LLD
did not differ significantly between patients with stage
Il disease who had lateral lymph node metastasis
(33.3 percent) and those without lateral lymph node
metastasis (47.4 percent). The rate of disease-free sur-
vival at 5 years was significantly higher in patients
with stage III disease without lateral lymph node
metastasis who underwent LLD (47.4 percent) than in
patients with stage III disease who did not undergo
LLD (25.0 percent; p=0.0449) (Figure 4). Disease-
free survival at 5 years was also analyzed after divid-
ing the patients who underwent LLD into three
groups: those without lateral lymph node metastasis,
those with only one lateral lymph node metastasis,
and those with two or more lateral lymph node metas-
tases. There was no significant difference in disease-
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