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Intraluminal tumor thrombus in the portal vein (PV)
system originating from gastrointestinal (GI) tract can-
cer is a rare condition. There are two types of such
thrombi, one arising indirectly from mietastatic liver

cancer. and the other directly from the primary lesion..

We report here three patients with the direct type and
two with the indirect type; i.c., a total of five patients

with gastric or large intestinal cancer with' PV tumor |

thrombus. In all patients, the primary lesion was surgi-
cally resected; in two patients, the tumor thrombus was
easily extirpated by direct opening of the PV. It is fiote-
worthy that a patient whose tumeor thrombus couid not
be treated died of cancer with liver failure, caused by
expansive growth of the PV tumor thrombus, 4 months

afterthe finding of the PV thrombus. Because PV tumor -
" noma, cloacogenic carcinoma, and alpha-feto protein

thrombis may, possibly, determine the patlent s length
of survival, in addition to causing carcer progression,
surgical thrombectomy, combined with resection of the
primary cancer and metastatic liver cancer, should be
considered for prolongation of survival, if 2ll macro-
scopic lesions can be controlled and if the tumor throm-
bus is a synchronous and recent one.

Key words: tumor thrombus, portal vein, colon cancer,
gastric cancer, liver metastasis

Introduction

Pertal thrombosis, produced by coagulation and portal
vein involvement by neoplasms, has been reported as
a cause of portal obstruction. Portal vein (PV) throm-
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bosis has recently been detected by dynamic computed
tomography (CT) in patients with liver cirrhosis;
pancreatitis; appendicitis; gastrointestinal inflammatory
diseases, such as ulcerative colitis; septicemia; throm-
bocytemia; and dehydration; and in patients after liver
transplantation, splenectomy, estrogen - therapy, and
intra-arterial chemo-infusion therapy.)# Portal vein
involvement by neoplasms has been classifiedas either

.extrinsic portal vein occlusion or intraluminal tumor

thrombus. The former is usually caused by pancreatic
cancer, gallbladder cancer, and enlarged metastatic
lymph nodes, while the latter is usually caused by hepa-
tocellular carcinoma (HCC). Apart from being associ-
ated with HCC, intraluminal PV tumor thrombus has
alsc beer reported to be associated with renal cell carci-

(AFP)—producmg gastric- cancer; namely, hepatoid
adenocarcinoma with hepatic differentiation.?™?

Treatment of advanced HCC with tumor thrombus in
the PV by hepatic resection with surgical thrombectomy
or transcatheter arterial embolization (TAE) have been
reported,!? because PV tumoer thrombus is fatal and
the incidence is relatively high. By contrast, there are
few reports as to treatment and clinical out come of GI
tract cancer with tumor thrombus in the PV system.
Furthermore, the few reports were not systemic ones
but case reports. We report here five patients with gas-
tric or colon cancer with tumor thrombus in the PV
system, in all of whom the primary lesions were surgi-
cally resected and in two of whom tumor thrombi were
surgically extirpated.

Case reports

Case I

An 83-year-old woman with asymptomatic anemia was
admitted for surgical treatment of Borrmann type 2
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gastric cancer at the lesser curvature of the cardia,
Because the preoperative CT scan suggested a PV shunt
located at the border of subsegments 4 and 5, angio-
graphy was performed. However, no abnormality was
found in the PV system. Total gastrectomy was per-
formed, with cholecystectomy, and dissection of group 1
and 2 regional lymph nodes. Pathological examination
showed that the gastric cancer was moderately dif-
ferentiated tubular adenocarcinoma (tub2), reaching
the subserosal.layer (ss), with no venous involvement
(v0) or lymph node metastasis (n0), but with lymphatic
duct involvement (lyl). The comprehensive stage was
classified as stage Ib, and the surgical treatment
was classified as a curative resection according to the
general guidelines for gastric cancer proposed by the
Gastric Cancer Study Group of Japan.?
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Four months after the operation, she was admitted
again because of anorexia and general malaise. CT scan
showed obstruction of the PV, as shown in Fig. 1a. No
metastatic liver cancer was found. Coagulopathy was
ruled out by the findings for platelet count, prothrombin
time, antithrombin III, and fibrinogen. Anti-cardiolipin
antibody was negative. Estrogen therapy had not been
employed. Emergent angiography revealed complete
obstruction of the PV at the confluence of the superior
mesenteric vein (SMV) and the splenic vein (SPV),
caused by thrombi, as shown in Fig. 1b. Splenic venous
blood did not flow into the PV, but drained through the
inferior mesenteric vein. Although we tried to dissolve
the thrombi by the infusion of urckinase through a cath-
eter placed in the superior mesenteric artery (SMA),
the thrombolysis failed. AFP was negative.

Fig. 1a-c. Case 1. a Computed tomography {CT) scan 4 months after total gastrectomy. The portal vein was completely
obstructed by tumor thrombi, while the hepatic artery was stained well, indicating arterialized liver. Liver perfusion was
inhomogeneous. b Abdominal angiography 4 months after total gastrectomy. Lefl; venous phase of superior mesenteric angiog-
raphy showed that portal venous flow to the liver was disturbed at the confluence of the superior mesenteric vein and splenic vein.
The liver portal vein tree was not visualized. Righs; venous phase of celiac angiography showed that splenic venous tlood drained
through the inferior mesenteric vein because of the obstruction at the confluence. ¢ Plain CT scan 21 days before death. Tumor
tkrombi occupied the portal vein system in the entire liver, which had a coral-like appearance, Massive ascites was found,
Contrast media could not be used because of the patient’s poor general condition and renal dysfunction
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Ascites appeared thereafter. A subsequent CT scan
showed that the PV thrombus had developed and was
expansive in both dizameter and length. The thrombus
completely occupied the PV system in the entire liver,
which had a coral-like appearance, as shown in Fig. 1c.
Therefore, we- clinically diagnosed the thrombus as
tumor thrombus originating from gastric cancer, No
adjuvant chemotherapy was employed, because of the
patient’s advanced age. She died of cancer and liver
failure 4 months after the first inding of PV obstruction.
Informed consent for pathological autopsy could not be
obtained.

Case 2

A 69-year-old woman with heartburn, malaise, a pal-
pable abdominal mass below the navel, and severe ane-
mia was admitted for surgical treatment of transverse
colon cancer with direct invasion to the stomach. Chest

A. Tanaka et al.: Portal vein tumor thrombosis

CT scan showed left lung metastasis. Abdominal CT
scan showed a tumor with a lumen that was approxi-
mately 10cm in size (which was compatible with trans-
verse colon cancer with serosal invasion to the greater
curvature of the antrum), and intraluminal tumor
thrombi in the SMYV, as shown in Fig. 2a. No definite
liver metastasis was found. Angiography showed ob-
struction of the middle colic artery and SMV distal to
the confluence of SMV'and SPV by the tumor, as shown
in Fig. 2b. However, PV flow to the liver was maintained
through the SPV. En-bloc transverse colectomy and dis-
tal partial gastrectomy with gastroduodenostomy were
performed. During ligation.and dissection of the middle
colic vein, tumor thrombi {confirmed by pathological
examination) were shown at the cut ends of the small
branches of this vessel. The root apparently linked
to the trunk of the SMV. Pathological examination
showed that a Borrmann type 3 colon cancer, 8 X 8 X
6.5cm in size, was poorly differentiated adenocarci-

11. Geos

Fig, 2a,b. Case 2. a CT scans. Upper; the superior mesenteric vein running below the pancreas was occluded by tumor thrombi.
Lower; Jarge tumer with lumen indicates transverse colon cancer with direct invasion to the stomach. b Abdominal angicgraphy.
Late phase of celiac angiography showed that the portal venous flow to the liver was maintained by splenic venous flow. The
portel vein tree in the liver was visualized well. Arrow indicates the splenic vein
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Fxg 3a,b. Case 3. a CT scans. Upper, gastric cancer, mdlcated by the thick gastric wall, invaded the pancreas body. Lower; the
dlstal portion of the splenic vein was not stained, because of tumor thrombi. Arrow mdmatcs the tumor thrombi in the splenic
vein, b Pathological findings of the splenic vein tumor thrombi, The tumor thrombi were packed in the splenic vein. The section
was obtained from the pancreatosplenectomy specimen -

noma with direct invasion to the stomach (si), with 1y2,

v1, and nl, according to the general guidelines for colon-

cancer proposed by the Japanese Society for Cancer of
the Colon and Rectum.!* The patient’s postoperative
course was uneventful, except for obstruction of the
duodenum, which required additional -gastrojejunos-
tomy. She did not agree to adjuvant chemotherapy.
Thirteen months after the first operation, she died
of peritonitis carcinomatosa with lung and liver
metastases.

Case 3

A 73-year-old man with anemia was admitted for surgi-
cal treatment of residual gastric cancer with liver
metastasis. He had received partial gastrectomy and
retrocolic gastrojejunostomy for gastric polyps. Ab-
deminal CT scan showed a thickened gastric wall tHat
directly invaded the pancreas body, and tumor thrombi
in the SPV, as shown in Fig. 3a. Total resection of the
residual stomach, and combined resection of the pan-
creas body and tail, and the spleen, were performed.
When the pancreas body was dissected in front of
the SMA, tumor thrombi (confirmed by pathological

examination) were extirpated from the SPV. Liver

- metastasis in subsegment 6 was treated by microwave

coagulation therapy. Pathological éxamination showed
that Borrmann type 3 gastric cancer at the Tesser curva-
ture of the cardia was well differentiated tubular adeno-
carcinoma (tubl) with serosal invasion (i), with lymph
node metastasis along the splemc artery (n2) 1y2, and
v2, Figure 3b shows the tumor thrombi in the splenic
vein. Repeated TAE with epirubicin was performed for
the liver metastasis, and the patient continues to visit
our cutpatient clinic, 18 months after the operation.

Case 4

A 59-year-old man was admitted for surgical treatment
of sigmoid cclon cancer with liver metastasis. Abdomi-
nal CT scan showed two liver metastases, located in
subsegment 8 and in the left lobe, with the tumor in the
left lobe associated with left PV tumor thrombi, as
shown in Fig. 4a. Abdominal angiography showed that
the tip of the tumor thrombus reached the bifurcation
through the left PV, as shown in Fig. 4b. Sigmoidec-
tomy, with dissection of regional lymph nodes, left
lobectomy, partial resection of subsegment &, and extir-
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_Fig.4a-c. Case 4.a CT scan. Two metastatic liver tumors were located in subsegment 8 and in the left lobe. The tumor in the left
lobe was agsociated with left portal vein tumor thrombi. The left lobe was atrophic because of left portal vein obstruction. Arrow
indicates that the tip of the tumor thrombus reached the portal vein trunk. b Abdominal angiography. Late phase of superior
mesenteric angiography indicates that the tip of the left portal vein tumor thrombus reached the bifurcation. ¢ Pathological
findings of the extirpated portal vein tumor thrombi. Adenocarcinoma proliferated in the fibrous tissue

pation of the tumor thrombus by direct opening of the
PV under vascular control, were performed. However,
small peritonezl disseminated nodules were encoun-
tered in the rectovesicular pouch. Pathological exami-
nation showed that Borrmann type 2 sigmoid colon
cancer was moderately differentiated adenocdrcinoma
exposed to the serosa (se) with lymph node metastasis
(nl). Figure 4c shows that the extirpated portal vein
thrombi consisted mainly of fibrous tissue, in which
adenocarcinoma proliferated. Repeated intraarterial
chemoinfusion therapy was performed, and no liver
metastasis was found. Bone metastases were treated by

radiation therapy. Eleven months after the operation,
we plan to treat peritoneal dissemination, with abdomi-
nal distension, by employing systemic chemotherapy,

Case §

A 68-year-old man was admitted for surgical treatment
of combined sigmoid colon and gastric cancer with bilat-
eral multiple liver metastases. Sigmoidectomy and par-
tial gastrectomy, with regional lymph node clearing,
were performed. Surgical resection was not performed
for the liver metastases, Borrmann type 2 sigmoid colon
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Fig. 5. Czse 5. CT scan. Multiple liver metastases were
detected, and the left portal vein was not stained because
of tumor thrombi. Arrow indicatés the tumor thrombi

cancer was well differentiated adenocarcinoma reach-
ing the subserosal layer (ss) with ly2, v0, and n0; while
Borrmann type 2 gastric cancer was well differentiated
tubular adenocarcinoma reaching the proper muscle
layer (pm), with lyl, v0, and n3. Subsequently, TAE
with epirubicin was administered twice for multiple
liver metastases, but a tumor thrombus in the left PV,
linked to the metastatic liver cancer, grew, as shown
in Fig. 5. Chemolipiodolization with epirubicin and
lipiodol for the liver metastasis with PV tumor throm-
bus was performed only once, because the patient did
not agree to further chemotherapy. He died of cancer 7
months after the first finding of the left PV tumor
thrombus, i.e., 15 months after the operation.

The details of the five patients are summarized in
Table 1.

Discussion

Intraluminal tumor thrombus in the PV system originat-
ing from gastrointestinal (GI) tract cancer is a rare con-
dition. According to the 1997 Annual of the pathological
autopsy cases in Japan,'$ the incidence of PV metastasis
in gastric cancer, and in colon and rectal cancer, was
reported to be 1.2% (29/2330) and 0.6% (9/1604), re-
spectively. Two metastatic routes from GI tract cancer
to the PV are possible: (1) intraluminal tumor thrombus
originating directly from the primary lesion or originat-
ing indirectly from the liver metastatic lesion, and (2)
extrinsic PV occlusion produced by enlarged metastatic
lymph nodes. Because the incidence of liver metastasis
in gastric cancer and colon and rectal cancer reported in
the Annual of the pathological autopsy cases in Japan'
was high, at 35.2% (821/2330) and 38.1% (611/1604),
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respectively, as compared with the incidence of PV
metastasis, it is likely that the incidence of direct and
indirect PV tumor thrombus (included in PV metasta-
sis) is low. By contrast, intrahepatic metastasis and
tumor thrombosis in the PV are common characteristics
of HCC, because HCC is 2 hypervascular tumor with
shunt formation from the hepatic artery to the PV. The
Liver Cancer Study Group of Japan'é has reported that
the incidence of tumor thrombus formation in the first
branch and trunk of the PV in surgically treated patients
and in autopsy cases from 1994 to 1995 was 3.3% (131/
3926) and 38.9% (222/570), respectively. The 1957
Annual of the pathological autopsy cases in Japan* re-
ported that the incidences of PV involvement and liver
metastasis in primary liver cancer, including intrahe-
patic bile duct cancer, were almost at the same level, at
11.9% (319/2671) and 14.3% (382/2671), respectively.
These studies clearly indicated that both the direct for-
mation of a tumor thrombus from GI tract cancer, and
the indirect formation of a tumor thrombus via liver
metastasis are rare, a§ compared with the incidence of
tumor thrombus in primary liver cancer.

In our case 1, PV tumor thrombus was found after
total gastrectomy for gastric cancer and because so mas-
sive as to occupy the entire liver, resulting in cancer
death with liver failure. Such an extreme case, in terms
of rapid and expansive progress, is rare. Case 1 died 4
months after the finding of the PV tumor thrombus,
while case 2 survived for 13 months, in a tumor throm-
bus-bearing state after noncurative surgical treatment
without thrombectomy. The difference in the survival
times between the two patients could be explained in
terms of the maintenance of portal flow, and liver func-
tion. Therefore, treatment for PV tumor thrombus
should be encouraged if it appears that the thrombus
would occlude the portal flow, and if collaterals via the
pericholedochal plexus, or compensatory arterialization
of the liver do not appear to be likely. Based on such a
viewpoint, we performed extirpation of synchronous
tumor thrombus, combined with surgicai treatment of
the primary lesion and metastatic liver tumor in cases 3
and 4, although the presence of tumer thrombus indi-
cated tumor spread in the liver, Surgeons who are famil-
iar with vascular surgery can open the PV systemn under
vascular contro] and easily extirpate a tumor thrembus,
Extirpation may be difficult, however, if the tumor
thrombus has invaded the PV wall, or if the tumor
thrembus is large and long, indicating that its presence
is of long duration. However, in our two patients with
recent tumor thrombi, the adhesion of the tumor
thrombi to the PV wall was easily detached.

By contrast, the synchronous bilateral and multiple
liver metastases, and the metachronous tumor throm-
bus, in case 5 appeared to contraindicate surgical treat-
ment. In case 1, a second surgical thrombectomy was
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not performed for the metachronous tumor thrombi,
because they were already so expansive and, likely, of
long duration. In case 2, extirpation of the synchronous
tumor thrombi was not performed at the time of resec-
tion of the primary lesions, because the tumor thrombi
had already invaded the small branches of the middle
colic vein. In these two patients, chemotherapy for PV
tumer thrombi was not given, because of the patient’s
advanced age (case 1) and because of lack of informed
consent (case 2). Although there are a few case reports
of successful chemotherapy for liver metastasis with
turmnor thrombus in the Japanese literature,!” neither
retrospective nor prospective studies in such advanced
GI tract cancers have been reported, indicating that
chemotherapy is basically not effective.

Tumor thrombus formation by HCC in the PV and
hepatic vein is well recognized, because of its high inci-
dence. The presence of PV thrombi indicates a poor
prognasis, because of portal hypertension, rupture of
esophageal varices, and liver failure. Depending on
liver function and tumor size, number, and location,
HCC has been treated by several modalities, e.g., surgi-
cal resection, microwave coagulation therapy, pure
ethanol injection therapy, and TAE. However, the pres-
ence of tumor thrombi in the PV is a contraindication
for TAE, because of the possibility of inducing liver
necrosis by interrupting the dual blood supply through
the PV and hepatic artery.!! Other modalities cannot
completely control tumor thrombi in the PV.'¥ There-
fore, hepatic resection, combined with extirpation of
the tumor thrombus, has been performed to prolong
survival as far as possible, even though curative resec-
tion cannot be achieved. Tanaka et al.'2 in their analysis,
have reported that the median survival duration of pa-
tients with HCC with tumor thrombi in the first branch
or portal trunk who were surgically treated was 10
months, while the survival duration in conservatively
treated patients was 3 months.'? The cumulative sur-
vival rate of patients with PV thrombus originating from
GI tract cancer cannot be determined in our small
patient group, whose backgrounds with respect to treat-
ment, such as location of PV tumer thrombus and
presence of collaterals, were not uniform. However, it is
likely that patients with PV tumor thrombus originating
from GI tract cancer survive lenger than those with PV
tumor thrombus associated with HCC. As a special
case, it is noteworthy that our patient in whom PV
tumor thrombus could not be treated died of cancer
with liver failure caused by completely obstructed por-
tal blood flow 4 months after the finding of the throm-
bus. In HCC, hepatic cause of death is classified
according to the following three criteria:'? (a) intrahe-
patic tumor occupies more than 50% of the entire liver;
(b) tumor thrombus is present in the main portal trunk
or inferior vena cava; and (c) there is rupture of intrahe-

227

patic nodules. Although liver failure in metastatic GI
tract cancer is usually ascribed to a reduced liver mass,
caused by large and numerous liver metastases, the
presence of intfaluminal PV tumor thrombi is likely to
be fatal.

There is no absolute indication for surgical PV throm-
bectomy for GI tract cancer with PV tumor thrombus
from the viewpoint of curative resection. Surgical
thrombectomy can be a relative indication, as in our
cases 3 and 4, when all lesions, including distant me-
tastases, can be macroscopically resected or controlled,
and when the portal vein tumor thrombus can be easily
extirpated without the use of any temporary or perma-
nent bypass.?’ Recurrence should be treated by a com-
bination of local control (such as a second surgical
resection or ricrowave coagulation therapy) and sys-
temic control (such as chemotherapy). Thrombectomy
is contraindicated (as in our cases 1, 2, and 5) when all
macroscopic lesions cannot be controlled or when the
thrombectomy would be associated with a high opera-
tive risk. ’

Conclusions

GI tract cancer has the potential to form a tumor throm-
bus in the PV system, either directly from the primary
lesion, or indirectly from metastatic liver cancer at an
advanced stage, as occurs in HCC. Because the pres-
ence of a PV tumor thrombus'may, possibly, determine
the patient’s length of survival, in addition to causing
cancer progression, surgical thrombectomy, combined
with resection of the primary cancer and metastatic liver
cancer, should be considered for to prolong survival, if
all macroscopic lesions can be controlled and if the
tumor thrombus is a synchronous and recent one.
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Abstract .

Loss of heterozygosity (LOH) on chromosomes 134q, 169
and 17p has been associated with the progression of
hepatocellular carcinoma {HCC), To investigate the prog-
nostic impact of such LOH, we examined the metastasis-
free survival of curatively resected HCC cases, in whom
these LOHs were analyzed. Among the 43 HCC patients
examined, the frequency of LOHs was 28% on 13q, 33%
on 16q and 40% on 17p. The patients were followed up
for metastatic recurrence after surgery and for analysis
of the relationship between chromosomal changes and
patients' metastasis-free survival. Univariate survival
analysis showed the presence of LOH on 16q, 17p and
the number of chromosomes with LOH were significant-
ly and negatively associated with metastasis-free surviv-
al, indicating that patients with LOH on multiple chromo-

somes had a poorer prognosis after surgery than those
with LOH on a single chromosoeme or no LOH. Multivar-
iate Cox survival analysis identified the presence of LOH
on 16q and the nurmber of chromosomes with LOH asthe
most significant independent negatively predictive fac-
tors for metastasis-free survival. These findings indicate
that accumulation of chromosomal changes is associat-
ed with metastatic behavior, and that LOH on 16g was
the most useful prognostic indicator for metastasts after
curative resection of HCC,

Copyright® 2002 §. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the major
causes of cancer-related deaths, and hepatectomy is a use-
ful therapy for HCC. However, there are some patients
with small tumors who develop early metastasis, while
others with advanced tumers have good prognoses [1].
Recent advances in molecular genetics have shown that
many oncogenes and tumor suppressor genes were in-
volved in hepatocarcinogenesis {2-4]. Among them, mu-
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Table 1. Initial clinicopathological profiles and chromosomal changes of the cases with metastatic recurrence

Ape/ Liver HCC Chromosomes Observation
sex virus fibrosis  size vascilar numberof  stage  differentiation 139 169 17p pericd  outcome
em invasion tumors days
&M c 4 35 - single I poorly LOH LOH LOH 1.0C1 MI
62/M C 4 1.4 - single 1 moderately HET HOM . LOH Gi MI
59/M c 1 23 - multiple v moderately HET HET HET 444 MI
66/F B ] 2.0 - single I moderately BOM LOH LOH 545 MI
65 c 4 6.0 - multiple m mederately HET HET LOH 81 M1
59/M c 2 30 - single 11 well LOH HET LCH 420 MI
62/F C k! 1.6 + single I moderately LOH HET LOH 508 MI
oM B 4 15 ¥ single I pootly HET LOH HET 63 Ml
&5/M NBNC 3 30 + multiple m poorly HET HET HET 1.037 MI
586/M C 4 16 - multiple 11 moderately HET HOM LOH 210 Ml
74/M NENC I 12.0 + multiple 11 well HET HET LOH 98 MI
56/M c | 5.0 - single 1 moederately LOH LOH HOM 1,430 Ml
S50/ < ! 6.0 + single 111 pocrly LOH LOH HOM 120 PV, Ml
&4/F C 1 6.9 + singfe v poorly LOH LOH HET 20 PY.MI
65/M C 3 7.0 + multipte I moderately HET HET HET 527 PY, lung, M1
41/M NENC 3 6.0 + single §¢] poorly HOM LOH LOH 173 VG, MI
SaM B 3 4.0 - multiple i moderately LOH HET HOM 2,035 1VC, MI
76/F C 2 2.0 - single 11 moderately LOH LOH LOH 247 bone, MI
4NF B 3 5.0 - single i1 nmoderately HET LOH LOH 152 bone, Ml
75/M c 4 6.5 + multiple I moderately HET HCOM HET 365 LN, MI
6IM o 4 5.0 - muitiple 1l well HET HET LOH 527 PD, Ml

Infection of hepatitis virus was examined with serum HBsAg and serum HCVAb. Fibrosis gradinp of the background liver was classified according to the
criteria of Desmet et al. [11), and the stage of HCC was determined according to the classification given in the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer [9]. B = Positive for HBsAg; C = positive for HCVAbY; NBNC = negative for both HBsAg and HCVAb; LOH = heterozygous alleles,
heterozygous deletion (bald type)i HET = heterozygous allele, both alleles preserved; HOM = homozygous alleles, LOH cannot be assessed; MI = multiple
intrahepatic recurrence; PV = portal vein thrombesis; [VC = thrombesis in the inferior vena cava; lung = lung metastasis; bone = bone metastasis; LN = lymph

node metaslasis; PD = peritoneal dissemination,

tation of the tumor suppressor p53 gene, and expression
of the p73 (homologue of p53) and p27Kirt proteins have
been reported as poorly prognostic markers for surgically
treated HCC patients [5-7].

We reported that loss of heterozygosity (LOH) on chro-
mosemes 13q, 16q and 17p was frequently observed in
advanced HCC [8), suggesting that these genetic changes
play an important role in the acquisition of aggressive
tumor phenotypes. However, no relationships between
these LOHs and prognosis of HCC have yet been estab-
lished. Therefore, we followed up curatively operated
HCC patients with or without LOH on 13q, 16q and 17p
at the time of surgery, examined the relationship between
metastasis-free survival and the presence of these LOHs
in the HCC cases. We report here on the prognostic signif-
icance of LOH on 13q, 16q and 17p after surgery for
HCC.

Materials and Methods

142 Oncology 2003;62:141-148

Fatients

Forty-nine patients with first emergence of HCC who underwent
curative resection of HCC at the Kyoto University Hospital betwesn
October, 1990, and September, 1998 were included in this study. All
samples were obtained by surgical resection, and the LOHs were ana-
lyzed with informed consent. Macroscopic and ultrascnographic
exzmination during surgery showed that no tumor remained in any
of the remnant livers. Histological studies were performed at the
Clinical Pathology Department of the Hospital, and the stage of HCC
was determined according to the classification given in the General
Rules for the Clinical and Pathological Study of Primary Liver Can-
cer [9]. The stage of non-cancerous chronic liver disease was identi-
fied according to the Child-Pugh classification [10], and the fibrosis
grading of the background liver was also evaluated according to the
criteria of Desmet et al. [11] (FO, no fibrosis; F1, mild fibrosis; F2,
moderate fibrosis; F3, severe fibrosis, and F4, cirrhosis). Hepatitis B
surface antigen (HBsAg) was measured by the HB Reversecell test
(Yamanouchi, Tokyo, Japan) and hepatitis C virus antibody
{HCVAD) by the HCYAb PHA test (Dinabott, Tokyo, Japan).

Follow-Up
After surgery, the recurrence of HCC was monitored by means of

abdominal vltrasonography, computed tomography or magnetic res-

Nishida et al,
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Table 2. Initial clinicopathological profiles and chromosomal changes of the cases without metastatic recurrence )

Age/ Liver HCC . Chromosomes Observation

sex virus fibrosis  size vascular numberof  stage  differentiation 13 16q 17p period  outcome
cm jnvasion tumors ' days

64/M c 2 1.0 - single 1 well HET HET HET 2,022 MC

SUF c 3 30 - single 1i poorly HOM HET HET 1,331 MC

&8/F C | 2.1 + single 1 moderately HET HET HET 1,747 MC

61/M C 3 3.0 - multiple I . moderately HET HET HET 485 MC

T3IM C 4 50 - single 1 moderately HET HET HET 426 MC

&M c 3 1.7 - single I moderately HET RET HET 610 MC

58M C 4 5.5 + multiple 1 moderately LOH HET HET 485 MC

51M c 3 5.0 + single 11 modertely HET . RET HET 850 MC

67M c 4 4.0 - single Ii well HET HET HET 877 MC

WM c 3 1.0 - single | well HET HET HET 573 MC

TIM C 1 7.0 - multiple ] moderately LOH LOH HOM 60 liver failure

48/M B 4 50 + multiple v well HET LOH LOH 46 MOF

6IM B 2 20 - single i poorly HET LOH LOH 180 sepsis

65/M c 3 7.0 + multiple i poorly LOH HET HET 25 peritonitis

65/M C 3 5.5 - multiple 1 well HET HET HET 154 colon

M C 2 1.8 + single 1 moderately LOH HET HET 3,389 prostate

63/M C 4 40 - single 11 moderately HET LOH LOH 255 disease free

63/F C 4 30 - single 1 well HET LOH HET 280 disease free

S6/M C 4 50 - single I moderately HET HET HET 83 disease free

&2M B 3 6.5 + multiple 1 moderately LOH LOH HET 63 disease free

51M B 3 50 - multiple 1l well . HET HET HET 270 disease free

SUM [ 4 3.0 + multiple I moderately HET HET HET 485 disease free

T4M C 4 11.0 - multiple I moderately HET HET = HET 293 disease free

6IM NENC | 12.0 + single 111 moderately HET HET LOH 1,379 disease free

T6M C 3 20 - single 1 well HET HET HET 1,516 disease free

63/M NENC 3 2.0 - multiple 1 well HET HET HET 1,163 disease free

TUF NBNC ND 7.5 + single 11 well HET HET LOH 90 disease free

65/M C ND 50 - single 1 well HET HET LOH 150 disease free

Infection of hepatitis virus was examined with serum HBsAg and serum HCVAb. Fibrosis grading of the background liver was classified according to the
criteria of Desmet et al, [11], and the stage of HCC was determined according to the classification given in the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer [9). ND = Not determined; B = positive for HBsAg, C = positive for HCVAb; NENC = negative for both HBsAg and HCVAb;
LOH = heterozygous alleles, heterozygous deletion (bold type); HET = heterozygous allele, both alleles preserved; HOM = homozygous alleles, LOH ¢annot be
assessed; MC = multicentric HCC; MOF = multiorgan failure; colon = emergence of colon cancer; prostate = emergence of prostate cancer,

onance imaging every 3 months or when clinically indicated, Serum
a-fetoprotein (AFP) levels were also examined every month. Chest
radiograms, abdominal angiography and bone scintigrams were per-
formed when recessary. We defined recurrence as the emergence of
new lesions with radiolegical features typical for HCC, and the type
of recurrence was defined by at least two imaging methods. The vas-
cularities of the initial and recurring HCCs were 2lso assessed with
angiography. If the diagnosis of the secondary tumors could not be
confirmed to be HCCs, we re-evaluated the size of the tumors 3
months after the emergence of the lesions, because it is often difficult
to distinguish well-differentiated HCCs from dysplastic nodules or
large regenerative nodules with imaging alone. The end-points in-
cluded: (1) first recurrence (31 patients); (2) death (4 patients), and
(3) emergence of other cancers (2 patients). The other 12 patients did
not show any recurrence during the observation periods. In this
study, extrahepatic recurrences, recurrences with vascular invasion
and multiple hypervascular intrahepatic recurrences were defined as
metastatic recurrences. Twenty-cne patients were considered to have
metastatic recurrence {table 1), all of whom showed multiple intrahe-

LOH and Metastasis of HCC

patic metastasis, 3 portal vein thrombosis and 2 thrombosis in the
inferior vena cava. Other types of recurrence were bone metastasis (2
patients), lymph node metastasis, lung metastasis and intraperitone-
al dissemination (1 patient each; table 1). On the other hand, 10
patients had solitary intrahepatic recurrences, All of them were less
than 2.0 cm in diameter, developed in different hepatic segments
from initial tumors and were considered as multicentric HCCs for
the following rezsons. Two HCCs were resected again at the time of
recurrence and histolegies were confirmed to be well-differentiated
HCCs (a 64-year-old male and 57-year-old female; table 2). These
two HCCs were classified as multicentric according to the criteria
described in the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer [9]. Seven patients, 1 female {68 years
cld) and 6 males (57, 58, 61, 67, 67 and 73 years old; table 2) were
confirmed to have hypovascular recurring HCCs with angiography,
although their primary tumors were hypervascular. Since it is
reported that arterial blood supply of HCCs increases as the tumors
develop and arterialization in HCCs is generally accompanied by
hypervascularity {12], the hypevascular tumors of these 7 patients

Oncology 2002;62:141-148 143
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were classified as multicentric HCCs, One recurring HCC (a 71-year-
old male; table 2} was detected in the caudate lobe zs a hypovascular
tumor using angiography, depicted as a hyperechoic nodule with
abdominal US and had high signal intensity on T-weighted MRI.
These imaging characteristics were consistent with the finding that
recurring HCCs were well differentiated and considered as a multi-
centric HCC [13]. As the primary cancer of this case was well-differ-
entiated HCC and 1.0 cm in diameter, the classification of this case
was also supported by the evidence that no metastasis from the early
HCC defined as a small tumor cemposed solely of a well-differen-
tiated lesion has been detected [14]. All eight nodules, which were
considered as multicentric HCCs following imaging, had grown in
size 3 months after the emergence of the lesions and were diagnosed
as HCCs rather than dysplastic nodules or large regenerative nod-
ules.

Four patients died of liver failure, multiorgan failure, sepsis or
bacterial peritonitis, and 2 patients developed prostate or colon can-
cer, The remaining 12 patients were disease free until the end of the
observation pericds (table 2), These 28 cases were treated as cen-
sored at the date of diagnosis for univariate or multivariate analyses.
Among the 49 patients that underwent curative resection, 22 were
treated with transcatheter arterial embolization before surgery, and
the others did not receive any preoperative treatment, Clinicopatho-
logical profiles of the patients are listed in tables | and 2.

LOH Analysis

We evaluated LOHs at six locion 134, fiveon 16q and six on 1 7p.
LOHs at D13SE, REI, D1383, D16S7, TP53, D17831 and DI7S3
were analyzed with polymorphic probes pHU10 (D1351), p7F-12
(D1351), p123M1.8 (RB1), p88R2.5 (RB1), p68RS2.0 (RBI), pdAT
(D1383), p79.2.23 (D1657), pR4-2 (TP53), pMCT35.1 (D17831)
and pYNZ22 (D1755). We also analyzed the Bst Ul polymorphism at
codon 72 of the p53 gene with the polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) procedure. Details
of isolation of high-molecular-weight DNA from tumorous and non-
tumorous tissues, Southern blot analysis and PCR-RFLP analysis
have been described previously [8, 15]. LOHs at D138171,
[135153, D138159, D16S136, D16S503, DI6S515, D16S3091,
D175849,D175831 and D178799 were analyzed with microsatellite
markers which allow for chromosomal positions and sequences to be
referred to the genome database [httpi/fwww.gdb.org] and coopera-
tive linkage center [http://www.chlc.org]. The amplified fragments
were separated by electrophoresis on 129% denaturating polyacryl-
amide gel and stained with ethidium bromide for UV detection. The
intensity of the band was quantified with densitometry (Densito-
graph AE-6905C, ATTO, Tokyo, Japan). Only the cases with a densi-
ty of the fainter band of <50% of that of normal tissues were deter-
mined as having LOH.

Statistics
Metastasis-free survival curves for the 49 curatively resected

cases were estimated with the Kaplan-Meier method, and univariate
findings of the parameters were also analyzed with the log-rank test.
The joint effect of the covariables was examined with the stepwise
Cox proportional-hazards regression model to select significint inde-
pendent variables. For each analysis, p < 0.05 was considered to be
statistically significant. All statistical analyses were performed on 2
personal computer using StatView for Macintosh (version 5.0 Stat-
View, Cary, N.C:, USA). :
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Table 3. Univariate and multivariate analyses of LOHs and initial
clinicopathological parameters for metastasis-free survival

Yariables ~ Univariate  Multivariate

pvalue p value pvalue
LOHen 13q 0.343 NI NI{0.081)
LOHon 16q <0.001 0.005 NI{0.019)
LOHon 17p . <0.001 NI NI(0.018)
Size 0.004 0.011
Vascular invasion 0.320 NI
Number of tumors 0.419 0.837
Stage 0.045 NI (0.016)
Differentiation 0.153 0.666 NI(0.190)y
Age 0.224 0.012 NI(0.323)
Sex 0.442
Yirus 0.693
Fibrosis grading 0.504
Child-Pugh classification 0.649
Serum AFP value 0.348 0.021 NI(0.410)
Preoperative TAE 0.521

Univariats (log-rank test) and multivariate analyses (stepwise
Cox proportional-hazard regression model) of LOHs and inijtial clini-
copathological parameters for metastasis-free survival. Standard
prognostic factors, age and serum AFP vzlue, all of which had p val-
ues <0.419 (the p value for the rumber of tumors), were included in
Cox’s model. In the multivariate analysis, only p values of indepen-
dent predictive factors determined with Cox’s model are shown in
bold type. NI = No independent value. With the multivariate znaly-
sis, using LOHs, stage, differentiation grading, age and serumy AFP
value as covariables, none of the factors were established as indepen~
dent, and p values are listed in parentheses.

For these analyses, age, tumor size, serum AFP value and degree
of fibrosis in the background liver were divided into two or three
groups; age: =60 and <60 years; tumor size: <2.0,2.1-5.0and >5.0
cmy; serum AFP value: =20, 21-200 and > 200 ng/ml; fibrosis grad-
ing: group with Fl or F2 and group with F3 or F4. TAE = Trans-
catheter arterial embolization.

Results

In this study, we found LOH in 28% (13/46) of the
cases on 13q, in 33% (15/46) on 16q and in 40% (18/45)
on 17p. Frequencies of LOH at each of the loci were as
follows: 22% (4/18) at D13S1, 419% (12/29) at RB1, 35%
(5/13) at D1383, 25% (3/12) at D13S171, 27% (3/11) at
D135153,25% (3/12) at D135159, 30% (9/30) at D1687,
27% (3/11) at D168136, 17% (2/12) at D165503, 20%
(2/10)at D16S515, 18% (2/11)at D16S3091, 42%(10/24)
at TP53, 53% (8/15) at D17831, 35% (8/23) at D178S5,
33% (4/12)at D17S849, 39% (5/13)at D175831 and 36%
(4/11)at D175799.
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Fig. 1. Kaplan-Meier curves for metastasis-free survival of patients who underwent curative resection of HCC classi-
fied according to the presence or absence of LOH on chromosome 13q {A), 164 (B) and 17p (C) and the number of

chromosomes with LOH (D).

Among the 49 patients examined, 21 had secondary
metastatic HCCs and 10 were considered to have multi-
centric HCCs as secondary intrahepatic tumors. Among
the 21 patients with metastatic recurrence, 14 were posi-
tive for HCVADb, 4 were positive for HBsAg and 3 were
negative for both HCVAb and HBsAg (table 1). On the
other hand, all 10 patients with multicentric HCCs were
positive for HCVAD and negative for HBsAg (table 2). In
the group with metastatic recurrence, the fibrosis grading
of the background liver was not associated with the recur-
rence-free survival by the log-rank test (F1 or F2 vs. F3 or
F4; p = 0.592). Whereas, among 10 patients with multi-
centric recurrences, 2 with mild or moderate fibrosis of
the background liver (F1 or F2) had longer recurrence-
free survival than those with severe fibrosis or cirrhosis
(F1 or F2 vs. F3 or F4; p = 0.025 by the log-rank test).

Next, we treated 10 cases with multicentric HCCs, 4
deceased cases, 2 cases with other cancers and 12 disease-
free cases as censored at the date of diagnosis, and ana-
lyzed the association between LOH and metastasis-free
survival of 49 patients who underwent curative resection
for HCC(fig. 1). Univariate survival analyses showed that

LOH and Metastasis of HCC

LOH on 16q, and 17p, tumor size and stage were signifi-
cantly associated with metastasis-free survival (p < 0.001,
p < 0.001, p = 0.004 and p = 0.045, respectively; table 3,
fig. 1). Although not statistically significant, vascular in-
vasion, differentiztion, age and serum AFP value also
tended to be associated with metastasis-free survival (p =
0.320, p = 0.153, p = 0.224 and p = 0.348, respectively;
table 3). Of the 49 cases, 39 were informative for 2ll three
chromosomes. We then examined the relationship be-
tween the number of chromosomes with LOH and metas-
tasis-free survival of these 39 patients. Cases with LOH
on multiple chromosomes showed significantly shorter
metastasis-free survival than those with LOH cn a single
chromosome or no LOH (p = 0.002; table 4, fig. 1). Preop-
erative transcatheter arterial embolization did not im-
prove metastasis-free survival after surgery (p = 0.321;
table 3), which was consistent with the finding of a pre-
vious study [16).

Next, we performed multivariate analysis with the
stepwise Cox proportional-hazards regression.model to
define independent risk factors, using standard prognos-
tic factors (tumor size, vascular invasion, number of

Oncology 2002;62:141-148 145
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Table 4. Univariate (log-rank test) and multivariate znalyses (step-
wise Cox proportional-hazard regression model) of the number of
chromosomes with LOH and initial clinicopathological parameters
for metastasis-free survival

Variables Univariate Multivariate
p value pvalue p value

Number of chromosomes

with LOH 0.002 0.018 0.015
Tumor size 0.021 0.026
Vascular invasion 0.481 NI
Number of tumors 0.428 0.601
Stage 0.010 NI
Differentiation 0.197 0.493 NI
Age 0.123 0.165 NI
Serum AFP 0.405 NI NI

Ofthe 49 patients, 39 were informative for all three chromosomes
and were included in these analyses. In the multivariate znalysis,
only p values of independent predictive factors determined with
Cox’s medel are shewn in bold type. NI = No independent values.
The number of chromosemes with LOH was divided into two
groups, less than one chromosome and more than two. Tumor size,
age and serum AFP value were divided into two or three groups;
tumer size: 2.0, 2.1-5.0 and >5.0 cm; age: =60 and <60 years;
serum AFP; =20,21-200 and > 200 ng/ml.

tumors and differentiation), age, serum AFP as well as
LOHs on 13q, 16q and 17p for covariables. Variables
showing independent negatively predictive values for me-
tastasis-free survival were the presence of LOH on 16q,
tumor size, tumor number, differentiation, age and serum
AFP value, and amongst all the presence of LOH on 16q
was the most significant negatively predictive value for
metastasis-free survival {p = 0.005, table 3). With the use
of LOH, stage (depending on the tumor size, vascular
invasion and number of tumors), differentiation, age and
serum AFP value as covariables, LOH on 16q, 17p and
stage seemed to be important factors for the metastatic
recurrence, although they were not independent predic-
“tive values (table 3). Multivariate analysis of the cases
informative for the three chromosomes, using size, vascu-
lar invasion, number of tumors, differentiation, age, se-
rum AFP value and the number of chromosomes with
LOH as covariables, showed that the number of chromo-
somes with LOH, tumor size, number of tumors, differen-
tiation and age were independent predictive wvalues.
Among them, the number of chromosomes with LOH was
the most significant negative predictor for metastasis-free

146 Oncology 2002;62:141-148

survival (p = 0.018, table 4). Finally, with the use of the
number of chromosomes with LOH, stage, differentia-
tion, age and serum AFP value as covariables, the number
of chromosomes with LOH was recognized 2s an indepen-
dent predictive value (p = 0.015; table 4).

Discussion

Hepatectomy is an effective and curative therapy for
HCC, although it is difficult to determine the prognosis of
HCC after surgery. Recent advances in molecular biology
have clarified a number of alterations in cancer-related
genes in human HCC, although only few studies have
evaluated the prognostic value of such alterations, In this
study, we have demonstrated that the number of chromo-
somes with LOH and LOH on 16q can help predict
metastasis after curative resection of HCC.

Recently, Chen et al, [17] used comparative genomic
hybridization to analyze 31 pairs of initial and recurrent
HCCs and reported that initial HCCs that subsequently
relapsed accumulated more chromosomal aberrations
than those that developed de novo HCCs. Cur study,

. which demonstrated that the number of chromosomes

with LOH was significantly and negatively associated
with metastasis-free survival, also supports the idea that
accumulation of chromosomal changes will provide use-
ful information for evaluating the biclogical behavior of
HCC,

Among the LOHs examined in this study, those on 16q
and 17p were significantly associated with metastasis-free
survival, as was expected from our previous studies that
showed LOHs on these chromosomes were associated
with progressicn of HCC [8], whereas LOH on 13¢ was
not. The tumor suppressor RB and p53 genes are located
on 13q and 17p [18, 19], however, the relationship
between p53 or RB abnormalities and patients’ prognoses
are still controversial, Studies have shown p353 alteration
to be a poor prognostic indicator for survival in HCC
cases after surgery [5, 20], but other studies failed to iden-
tify p53 abnormality as a valuable prognostic factor [6].
Concerning the relationship between RB aberration and
survival, Naka et al, [20] reported that no significant sur-
vival differences was observed in resected HCC cases
with or without RB expression. Qur findings suggest that
LOH on 17p, which was frequently accompanied by the
P33 mutation, was associated with metastatic recurrence
in human HCC. ]

LOH on 16q has been reported for a variety of cancers,
and many studies have reported the association of LOH
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on 16q with metastasis of the tumor {21]. Furthermore,
the introduction of human chromosome 16 suppressed
metastasis of a highly metastatic prostate cancer cell line
[22). These findings indicate the possibility that LOH on
16q may enhance the metastatic potential in primary can-
cers. Recent analyses showed the presence of several
tumor suppressor genes, including cadherin genes, on
chromosome 16 [23, 24]. Since the disturbance of intra-
cellular adhesion is important for the invasion and metas-
tasis of tumor cells, cadherins may be considered prime
candidates for inactivation in HCCs with LOH on 16q.
The E-cadherin gene is reported to be suppressed by CpG
methylation of the promoter {25). However, Slagle et al.
[26] reported an association between the loss of one copy
of the E-cadherin gene and its reduced expression in HCC
cases. Therefore, it is interesting to compare the expres-
sion of E-cadherin with LOH on 16q and CpG methyl-
ation of the promoter in HCC. In addition, since reduced
E-cadherin expression reportedly correlates with recur-
rence and survival in breast and esophageal cancers, it
may be useful to examine the relationship between E-cad-
herin expression and the prognosis of HCC[27, 28].
Recently, Koike et al. [29] reported that the fibrosis
grading of the background liver was the risk factor con-

tributing to HCC recurrence among HCV-related HCC,
but not in HBY-related and non-B, non-C related HCC.
In the present study, we also confirmed that all cases with
multicentric HCCs were positive for HCVAb and that the
recurrence-free interval was associated with the degree of
fibrosts in the background liver in these cases.

Qur study suggests that the accumulation of LOH on
13q, 16q and 17p is associated with the metastatic poten-
tial of HCC. Furthermore, LOH on 16q could be the most
significant marker for metastatic recurrence after curative
surgery. Liver transplantation is now regarded as a cura-
tive therapy for HCC, although indications for total liver
resection combined with transplantation need to be deter-
mined more effectively [30]. For these reasons, the find-
ings presented here may provide useful information for
the assessment of prognosis and selection of surgical ther-
apy for HCC,
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Abstract. The effectiveness of endoscopic nasobiliary drainage (ENBD) for
postoperative bile leakage after hepatic resection was investigated retro-
spectively, Between 1997 and 2002 a series of 436 hepatectomies without
biliary reconstruction were performed, Bile leakage was divided fnto two
categories, Type A was defined as bile leakage communicating with the
main bile tree fistulographically or endoscopic cholangiographically, and
type B was bile leakage without such a patency of bile flow. Bile leakage
develéped in 31 patients (6.4%) (types A/B = 16/15). Type A frequently
occurred at the major Glisson’s sheath. In contrast, most type B cases oc-
curred at the peripheral bile duct at the cut surface of the liver. Among the
type A patients, 10 of 11 were effectively treated with ENBD. For the type B
patients, 12 of 15 patients were successfully treated with intraabdominal
draipage via surgical drajns inserted during the operation or percutaneous
tubes newly inserted for biliary fluid collection. ENBD was effective in two
of three type B patients, The duration of bile leakage significantly short-
ened after initiation of ENBD in type A patients {15.3 * 6.9 vs, 25.8 £ 13.2
days, p < 0.05). The classification based on communication with the main
bile tree is useful for determining therapeutic strategy. Type A leakage has
a good indication for ENBD, whereas type B can be treated with intraab-
dominal drainage in most cases, although ENBD may be effective in some
intractable type B cases. It is preferable to initiate ENBD as early as pos-
sible to shorten the duration of bile leakage and the subsequent hospital
stay.

Despite recent advances in liver surgery, bile leakage still is a com-
mon cause of major morbidity after hepatic resection, with an inci-
dence of 4% to 17% [1-5). Postoperative bile leakage results in
prolongation of the hospital stay. Furthermore, bile retention in
the dead space after hepatic resection sometimes leads to the de-
velopment of the intraperitoneal septic complications that are
knawn to be a cause of postoperative liver failure and death, There-
fore it is necessary to provide an effective therapeutic modality for
bile leakage that can be instituted early after its onset.
Endoscopic treatments have been reported to be effective for
intractable bile leakage after cholecystectomy [6, 7, liver trans-
plantation 8, 9], liver injury {10], and hepatectomy [11-14]. Endo-
scopic treatments consist of endoscopic sphincterotomy, endo-

Corespondence to: Hiroaki Terajima, M.D., Ph.D., e-mail: terajima@
kegh.grjp

scopic biliary stenting, and endoscopic nasobiliary drainage
(ENBD). In this study, we clarify the therapeutic effect of ENBD
on persistent bile leakage after hepatic resection.

Patients and Methods

A total of 544 patients underwent hepatic resection in the Depart-
ment of Gastroenterological Surgery at Kyoto University Hospital
from April 1997 to December 2002. Those with hepatectomies plus
biliary reconstruction were excluded from the study. The remaining
486 patients were retrospectively reviewed. Altogether, 44 of them
underwent repeated hepatectomy. The indications for hepatic re-
section and the incidence of postoperative bile leakage are shown
in Table 1.

Surgical Techniques

Tumors were resected anatomically in principle, and the type of
hepatectomy was determined by the assessment of preoperative
liver function, functional residual liver volume, location of the tu-
mor, number of tumors, and adjacent major hepatic vessels. Prior
to hepatic parenchymal transection, hepatic blood inflow into the
resected segments was occluded by the standard controlled method
or Glisson’s pedicle transection method. The hepatic parenchyma
was transected using the Cavitron Ultrasonic Surgical Aspirator
(CUSA) System 200 Console (Valley Lab, Boulder, CO, USA) and
bipolar cautery equipped with a water dripping system as described
previously [15). Bile exsorption at the cut surface or at the stumnp of
the Glisson’s sheath was repaired with Prolene 6-0 sutures. There-
after, diluted indigo carmine was injected through the cystic duct as
a bile leak test to exclude occult bile leakage. Intraoperative chol-
angiography was usually performed to confirm the integrity of the
bile duct. A transcystic duct tube (C-tube) or a retrograde transhe-
patic biliary drainage (RTBD) tube was placed prophylactically in
selected patients with major bile exsorption repaired during the op-
eration. Fibrin glue or sheet was applied to the raw surface of the
liver to prevent bile leakage when deemed necessary by the opera-
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Table 1. Indication for hepatic resection and incidence of postoperative
bile leakage,

783

Table 2. Incidence of postoperative bile leakage for each type of
hepatectomy.

Indication for resection No. of patients  No. with bile leakage

Malignant neoplasia 463 28 (6.0%)

Hepatocellular carcinoma 351 21 (6.0%)
Cholangiocellular carcinoma 18 0
Metastatic liver cancer 88 7 (8.0%)
Others® 6 0

Benign lesions 23 3(13.0%)
Liver cyst 7 2(28.6%)
Hemangioma 4 1(25.0%)
Others® 12 0

Total 486 31 (6.4%)

“QOther malignant necplasia consisted of biliary cystadenocarcinoma
(1 = 3), hepatic hilar cholangiocarcinoma (r = 2), and gallbladder cancer.

*Other benign lesions consisted of a dysplastic nodule (# = 5), focal
nodular hyperplasia (n = 2}, intrahepatic cholelithiasis (n = 2}, MALToma,
angiomyolipoma, and adrenal adenoma.

tor. Surgical drainage tubes were removed when the discharge was
serous and not biliary, usually between the fifth and seventh post-
operative days.

Definitions

Bile leakage was diagnosed based on the following postoperative
findings: (1) continuous biliary discharge from drainage tubes irre-
spective of its bilirubin concentration; or (2) delayed biliary fluid
collection (biloma) at the cut surface of the liver, with the patient
having clinical symptoms such as fever, pleural effusion, or an el-
evated serum C-reactive protein (CRP) level after removing the
drainage tubes. This fluid collection was usually detected by ultra-
sonography or computed tomography (CT) and confirmed by per-
cutaneous puncture, drainage, or both. Bile leakage that ceased
spontaneously within 1 week from the onset was excluded from this
study. The onset of leakage was defined as the date on which biliary
discharge from drainage tubes or any clinical symptom asscciated
with bile leakage was detected.

Bile leakage was divided into two categories. Type A was bile
leakage recognized to have communication with the main bile tree
(seen by fistulography) or to have extravasation of contrast me-
dium, 2s seen by endoscopic retrograde cholangiopancreatography
(ERCP). Type B was bile leakage without such communication
with the main bile tree.

ENBD

A XEMEX ENBD tube (Zeon Medical, Tokyo, Japan) was in-
serted. The ENBD tube was placed peripheral to the leakage site if
possible, principally to avoid displacement. Sphincterotomy was
not performed in our ENBD cases.

Statistical Analysis

All data were expressed as the mean = standard deviation. The
incidence of bile leakage was statistically analyzed by the x* test or
Fisher’s exact test. The durations of bile leakage before and after
initiation of ENBD in the type A patients were analyzed with the
paired t-test. A value of p < 0.05 was considered significant.

No. of No. with Type
Operation patients bile leakage A/B
Left trisectionectomy 8 3{37.5%)* 12
Central bisectionectomy 13 4 (30.8%)* 27
Right anterior sectionectomy 20 4(20.0%)* 4/0
Left hepatectomy 74 5(6.8%) 2/3
Right trisectionectomy 15 1{6.7%) 10
Right hepatectomy 123 8(6.5%) 3/5
Right posterior sectionectomy 41 2(4.9%) 11
Segmentectomy 27 1(3.7%) 0/1
Partial hepatectomy 133 3(2.3%) 1
Left lateral sectionectomy 24 0
Left medial sectionectomy 8 0
Total 486 31 (6.4%) 16/15

*p < 0.05, compared with partial hepatectomy.

Results

Incidence

Postoperative bile leakage occurred in 31 of 486 patients (6.4%), 16
of whom were allocated to type A and 15 to type B. The incidence
of bile leakage was not significantly different between malignant
and benign diseases [28/463 (6.0%) vs. 3/23 (13.0%), respectively]
(Table 1) and between primary hepatectomy and repeat hepatec-
tomy [28/442 (6.3%) vs. 3/44 (8.6%), respectively]. The incidences
of bile leakage for the various types of hepatectomy are shown in
Table 2. The terminology of hepatic anatomy and resections is
based on the liver terminology guidelines of the International
Hepato-Pancreato-Biliary Association [16]. Bile leakage after left
trisectionectomy, central bisectionectomy, or right anterior sectio-
nectomy was observed in 11 patients. Their incidences were signifi-
cantly higher than that for nonanatomic partial hepatectomy (p <
0.05). Type A bile leakage occurred more frequently than type B
bile leakage in these 11 patients (7/11 vs. 4/11 for types A and B,
respectively).

Leakage Site

The types of bile leakage and the sites of leakage are shown in
Table 3. More than half of type A bile leakage occurred at the ma-
jor Glisson’s sheath (a first- or second-order biliary branch}. In con-
trast, no type B leakage occurred at the major Glisson’s sheath.

Treatments for Bile Leakage

Two type A patients were successfully treated with interventional
therapy alone using a surgical drainage tube (Table 4). In two pa-
tients, biliary decompression tubes placed prophylactically during
the operation were effective; one was a T-tube for a bile duct injury
after hepatic hilar lymph node dissection and the other was a C-
tube placed after repair of major bile exsorption at the stump of the
left hepatic duct. In the other 12 patients, bile leakage was persis-
tent; 11 patients were treated with ENBD. Subsequently, bile leak-
age healed without any additional therapeutic modalities. The
other patient was treated with percutaneous transhepatic biliary
drainage (PTBD) because ENBD failed. Twelve patients with type
B leakage were treated successfully with interventional therapy us-
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