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METHODS

pPatients

ROM NOVEMBER 2000 to October 2005, curative
Fresecnon of HCC was performed at Osaka City Uni-
versity Hospxtal in 24 patients seropositive for HB surface
antigen (HBsAg) who were negative for antihepatitis C
virus antibody and had high serum concentrations of
HBY DNA. The patients had not received any lamivudine
therapy before the operation. Curanve resection was
defined as a complete resection of all macroscopically
evident tumors. ‘Absence of tumor cells along the
parenchymal transection line was confirmed histologi-
cally. No remdining tumor was détected in the remnant
liver by computed tomography (dynamic study)
3-4 weeks after surgery. The serum concentration of HBV
DNA was determined with a transaiption-mediated
arnphﬁcat.wn and hybndlzanon protection assay (TMA-
HPA) kit, given that serum HBY DNA concentration

_measured by this method has been shown to be dlosely
related to its hepatitis activity and useful for predicting
risk of Tecurrence after resection of HBV-related HCC.!*'3
In the 24 patients, the serum concentration of HBV DNA
was' at least 3.7 logarithms of the genome equivalent
(LGE) per milliliter, which was cornisidered to represent a
high concentration. The patients were told about the pre-
viously reported ﬁndmg that high pre- and postoperative
viral concentrations were strong risk factors for HCC
recurrence after the operation. Antiviral drug therapeutic
effects and side-effects, incduding the appearance of
YMDD mutant vituses, were also explained to the 24

patients. Lamivudine therapy was started in the 14 who -

then agreed to this therapy and gave their informed
consent (lamivudine group), while the control group
consisted of the other 10 patients who declined treat-
ment with the drug because of the possibility of adverse
events or the necessity of long-term administration of the
drug. The 24 patients were followed up until the detec-
tion of HCC recurrence or for at least for 6 months in
patients without recurrence. The median follow up from
operation until the detection of HCC recurrence or the
study . endpoint (30 April 2006) in this study was
759 days (34-2053). The median follow up for each
group was 1117 days (187-2037) for patients receiving
lamivudine and 224 days (34-2053) for the controls.

Examination of viral status and
active hepatitis

HBsAg and HB envelope antigen (HBeAg) were assayed
using an enzyme immunoassay (International Reagents,
Kobe, Japan). Anti-hepatitis Cvirus antibody was assayed
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using an enzyme-linked immunosorbent assay (Ortho
Diagnostic Systems, Tokyo, Japan). We used a TMA-HPA
kit (Chugai Diagnostics, Tokyo, Japan) to measure serum
concentration of HBV DNA. TMA-HPA can quantify
3.7-9.7 LGE/mL (5 x 10°-5 x 10° copies/mL). Serum
alanine aminotransferase (ALT) ~ activity -usually
increased immediately following liver resection, then
decreased gradually to preoperative activity within
3 weeks. A serum ALT activity at any clinical follow-up
assessrhent (at least every 3 months) of 45 IU/L or less
was con51dered a sustained low ALT activity. "The serum
concentration of HBV DNA was measured at least twice
ayear. Aserum HBV DNA concentration at any follow up
of less than 3.7 LGE/mL was cons1dered a sustained low
concentration in the absence of YMDD mutant viruses.
YMDD mutant viruses were detected by a reverse
hybridization line probe assay (INNO-LiPA HBV DR,
Innogenetics, Ghent, Belgmm) when serum HBV DNA
returned to concentrations above the reference range
(3.7 LGE/mL) after a decrease to the refe_rence range
(<3.7 LGE/mL) with lamivudine therapy.'**’

Antiviral treatment

Fourteen patients received lamivudine therapy
(100 mg/day), beginning 2 weeks to 2 months after
surgery. The period of lamivudine administration was
6 months to 65 months (mean, 32 months). When

‘active hepatitis with a high  viral concentration

reemerged following proliferation of YMDD mutant
viruses, adefovir dipivoxil was administered if patients
gave their informed consent. Interferon therapy was
carried out in one patient after administration of
lamivudine for 6 months, before any appearance
of YMDD mutant viruses, to avoxd the emergence of
YMDD mutant virus.

Pathologic examination

Histologic grading of tumors with respect to differenti-
ation was carried out using the classification of
Edmondson and Steiner*® with certain modxﬁéaﬁons b
‘When clusters of cancer cells were present in the portal
vein, we defined the case as positive for portal invasion.
Cancer cells in intracapsular blood vessels, considered
branches of the portal vein, also indicated portal vein
invasion. When the tumor-free surgical margin was less
than 5 mm according to pathologic examination, the
margin was defined as positive. Noncancerous hepatic
tissues also were examined pathologically. The histo-
logic activity index (HAI) score® was used to evaluate
the severity of active hepatitis and the degree of fibro-
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sis. An HAI score of 0 (based on components 1-3) indi-
cated no activity (grade 0); a score of 1-3, minimal
activity (grade 1); a score of 4-8, mild activity (grade 2);
a score of 9~12, moderate activity (grade 3); and a score
of greater than 12, severe activity (grade 4). The histo-
logic fibrosis score (stage} was determined from com-
ponent 4 in the HAI scoring. A score of 1 indicated
portal fibrous expansion; 2, portal-to-portal septa
without architectural distortion; 3, portocentral septa
with architectural distortion; and 4, cirrhosis.

Detection of tumor recurrence

Serum co-fetoprotein concentrations were measured
every three months. Ultrasonography, computed
tomography, magnetic resonance imaging, chest radi-
ography, or a combination of these was performed every
three months. When tumor recurrence was suspected on
the basis of a tumor marker, radiologic studies, or both,
angiography or biopsy was performed to obtain a defin-
itive diagnosis.
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Statistics

Student’s t-test was used to analyze differences in age
and tumor size. The Mann-Whitney U-test was used to
analyze the differences in results of laboratory tests.
Fisher's exact test was used to compare categorical data

- between groups. Tumor-free survival rates were calcu-

lated by the Kaplan-Meier method, and the significance
of differences in rates between the groups was assessed
by the log-rank test. For multivariate analysis, the Cox
proportional hazards model with a stepwise method -
was used. Variables significant at a P-value less than 0.1
on univariate analysis were subjected to multivariate
analysis. A P-value less than 0.05 was considered indica-
tive of significance.

RESULTS

¢ VLINICOPATHOLOGIC FINDINGS IN the lamivu-
dine and control groups are described in Table 1.
Age, gender distribution, the proportion of patients with

Table 1 Clinicopathologic findings of patients with and without lamivudine therapy

Findings Lamivadine therapy P-value
Yes, n=14 No, n=10
Age, years, mean * SD | 55%8 55+5 . 0.993
Gender, men : women 10:4 7:3 >0.999
HBeAg positivity§ 1 5 0.204
HBV DNA concentration (LGE/ml) 6012 60%12 0.975
Total bilirubin, mg/dL 0.8 (0.4-1.3) 0.8 (0.4-1.3) 0.656
Albumin, g/dL 3.8 (3.3-4.3) 3.7 (2.6-4.2) 0.426
AST%, TU/L 44 (35-109) 40 (25-128) 0.578
ALTt, IUJL 53 (25-141) 56 (30~-125) 0.558 -
Child-Pugh dassification(A : B) 1:3 8:2 >0.999
o-Fetoprotein, >20 ng/mL 11 7 0.665
Tumor size, cm 24%07 28+14 0.329
Multiple tumors 5 5 0.679
Differentiation of main tumort
Moderately 7 3 0.421
Poorly 7 7
Portal invasion 4 4 0.673
TMN stage (1:2:3) 2:7:5 3:2:5 0.305
Severity of active hepatitis
Grade 1, minimal 5 3 >0.999
Grade 2, mild 9 7
Degree of fibrosis
Stages 1-3, mild to moderate 8 6 >0.999
Stage 4, drrhosis 6 4
Anatormnic resection 8 6 >0.999

tALT, alanine aminotransferase; $AST, aspartate aminotransferase; §HBeAg, hepatitis B envelope antigen.
Results of laboratory tests are expressed as medians, with ranges in parentheses.
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Table 2 Changes in number of patients with low serum concentration of HBV DNA after surgery

No. of patients with low serum concentration of HBV DNA (<3.7 LGE/ml)/No. of patients at risk

Time after surgery (years)
Before 0.5 1.0 1.5 2.0 2.5 30 - 35 4.0 4.5 5.0 5.5
Control 40/10 1/8 1/4 1/4 1/2 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Lamivudine 14/14 11/14 8/11 8/11 6/11 4/8 4/8 47 4/6 4/5 3/4 1/1
p=0.0028.

HBeAg positivity, viral load, the results of laboratory
tests, and Child-Pugh elassification® did not differ
between groups. Type of resection, tumor size, tumor
number, differentiation of main tumor, prevalence of
. portal invasion, cancer stage according to UICC classifi-
cation,*® severity of active hepatitis as well as degree of
hepatic fibrosis in non-cancerous hepatic tissue showed
no difference between groups. No patients had portal
invasion detected by preoperative medical imagings.
The changes in the number of patients with low serum
concentration of HBV DNA and low ALT activity after
the operation until the detection of HCC recurrence or -
the study endpoint in both groups are shown in Tables 2
and 3, respectively. In one patient in the lamivudine
group, serumn HBeAg changed from positive to negative
after the operation. '
The tumor-free survival rate was significantly higher
in the lamivudine group than in the control group
(Fig. 1, P=0.0086). In one patient in the lamivudine
group and four patients in the control group, multiple
recurrent tumors were detected in the remnant liver. In
one patient in the lamivudine group and in one patient
in the control group, a single recurrent tumor was .
detected. By univariate analysis using preoperative
factors, multiple tumors was also a risk factor for short
tumor-free survival (P=0.0036). By multivariate analy-
sis, lack of lamivudine therapy and multiple tumors
were independent risk factors for short tumor-free sur-
vival (risk ratio, 18.306; 95% confidence interval,
1.707-196.327; P=0.0163, 16.949; 1.686-166.667;
P=0.0162, respectively). Thus, the lack of lamivudine
therapy was an independent risk factor for recurrence.

A sustained low senim concentration of HBV DNA was
observed in no patient in the control group and in eight
patients in the lamivudine group. Although HCC did not
recur in the eight patients with sustained low serum con-
centrations of HBV DNA, HCC recurred in seven of 16
patients with high serum concentrations of HBV DNA
(Fig. 2). The proportion of patients with multlple tumors
was significantly higher in the seven patients than in nine
patients without recurrence. In the Iamlvudlne group,
HCC recurred in two patients, who had sustained high
serum concentrations of HBV DNA. Sustained normal
ALT activity was observed in five patients in the control
group and in 10 patients in the lamivudine group. In one
patient in the control group, ulsodeoxycholic acid was
administered because serurn ALT activity was more than
90 IU/L (twice the reference range). In four other
patients, no treatment was performed because ALT activ-
ity was less than 90 IU/L. Although HCC recurred in two
of the 15 patients with sustained normal ALT activity,
HCC recurred in five of nine patients with high serum
ALT activity (Fig. 3, P=0.0346).

Although three patients in the control group died of
HCC recurrence, no patients died in the lamivudine
group.

In four patients, YMDD mutant viruses were detected
at 10, 11, 21 and 43 months after beginning administra-
tion of lamivudine and ALT activity increased in three of
the four patients. In two of the three patients with sus-
tained high ALT activity, adefovir dipirvoxil was admin-
istered. In one patient, YMDD mutant virus was detected
when the HCC recurrence was detected. In the three other
patients with YMDD mutant viruses, HCC did not recur.

Table 3 Change in number of patients with low alanine aminotransferase activity after surgery

No. of patients with low alanine aminotransferase activity (€45 IU/1)/No. of patients at risk

Time after surgery (years)

Before 0.5 1.0 1.5 2.0 25 30 35 4.0 45 50 55
Control 2/10 5/8 2/4 2/4 2/2 Y1 11 11 11 o1 o)
Lamivudine  6/14 10/14 7/ 71 eMm 58 58 577  6/6 5,5 2/4 11
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Figure 1 Tumor-free survival rates in lamivudine and control
groups. (O), 14 patients with postoperative lamivudine
therapy; (), 10 patients without postoperative lamivudine
therapy.

DISCUSSION

HIS STUDY SHOWED that lamivudine therapy
Timproved the tumor-free survival rate after liver
resection for HCC in patients with a high serum con-
centration of HBV DNA.

This study did not have a randomized prospective
design. A well-designed prospective study is difficult to
conduct because lamivudine therapy already has been
developed as a treatment for chronic hepatitis B and is
presently used in clinical practice.*>* Despite its status as
an established treatment for this fofin of hepatitis,
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Figure 2 Tumor-free survival rates in patients with apd

without sustained low serum concentrations of HBV DNA.
" (O), eight patients with sustained low serum concentration of
HBV DNA; (O), 16 patients with high serum concentrations
of HBV DNA. :
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without sustained low serum alanine aminotransferase activ-
ity. (O), 15 patients with sustained low serum alanine amino-
transferase activity; (O), nine patients with high serum alanine -
aminotransferase activity.

whether lamivudine therapy is effective for the suppres-
sion of tumor recurrence after HBV-related HCC has not
been determined. We have reported high preoperative
viral concentration and sustained high viral concentra-
tion after ‘liver resection to be risk factors for HCC
recurrence, -defining a high-risk patient group. Of 24
patients presently studied, 14 chose lamivudine therapy
after explanation of these previoiis Tesults of liver resec-
tion for HBV-related HCC, as well as likely advantages
and disadvantages of lamivudine in such a high-risk
group. As shown in Table i, no difference in back-
ground characteristics was evident between the lamivu-
dine and control groups. The tumor-free survival rate
was significantly higher in the lamivudine group than
in the control group, with the absence of lamivudine
therapy being an independent risk factor for short
tumor-free survival. Thus, this study showed that
lamivudine therapy suppressed tumor recurrence after
curative resection in these HBV-positive patients.
Recurtences after surgery include both intrahepatic
metastases from the primary HCC and newly developed
HCC (multicentric carcinogenésis). Although the mech-
anism by which lamivudine therapy suppressed tumor
recurrence after surgery was not determined in this inives-
tigation, one likely factor underlying the low recurrence
rate in the lamivudine group would be a decrease in mul-
ticentric carcinogenesis after surgery. Regeneration of
hepatocytés amid a background of necrosis during active
hepatitis may directly induce DNA mutation, as well as
chromosomal rearrangement resulting in genetic insta-
bility. Sustained high serum concentrations of HBV and
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persistent or intermittent elevation of ALT activity have
been linked closely to carcinogenesis in patients with
hepatitis B***** Two recent studies demonstrated that
lamivudine therapy reduced the development of HCC in
patients with chronic hepatitis B.**** In the present
study, HCC did not recur in patients with a sustained
low serum concentration of HBV DNA. HCC recurred in
only two of 15 patients with sustained normal ALT activ-
ity, although HCC recurred in five of nine patients with
high serum AIT activity. Thus, sustained serum concen-
tration of HBV DNA and the remission of active hepati-
tis brought about by lamivudine therapy may decrease
multicentric carcinogenesis after surgery.

In our previous study, the percentage of intrahepatic
metastases from similarly differentiated main tumors
tended to be higher in patients with a high viral con-
centration than in those with a low viral concentration.!
HCC thus may behave more aggressively in patients with
a high viral concentration, even when histologic differ-
entiation of the tumor is the same; a decrease in viral
concentration with lamivudine therapy thus may affect
1mportant blOlOglC charactensncs of HCC, although
lamivudine itself does not have anticancer effects. For
example, active hepatitis induces upregulation of adhe-
sion molecules on cells lining hepatic sinusoids, which
may enhance the likelihcod of metastasis.?® Remission
of active hepatitis in response to lamivudine therapy
thus may decrease metastatic potential.

Long-term lamivudine administration is associated
with -an increasing rate of emergence of drug-resistant
viral strains.*~T YMDD mutant viruses appeared in four
patients in thls series, YMDD mutant viruses often cause
flare-ups of ALT activity and hepatic decompensation in
patients with cimhosis. In fact, ALT activity increased
above the reference range in three of the four patients
with YMDD mutant virus. Adefovir dipivoxil was
administered in two of the three patients with high AIT
activity. In addition to hepatitis exacerbations, viral
breakthrough itself may increase the likelihood of the
development of HCC,” a particular risk in patients with
cirrhosis and YMDD mutations.?® Although HCC did
not recur after the appearance of YMDD mutant virus
in this series, early identification of YMDD mutant
viruses is important. ‘When such mutant viruses are
identified, dose follow up is necessary to prevent
hepatic failure and recurrence of HCC. Several investi-
gators have reported that 1nterferon therapy reduced the
incidence of HCG,*-** although some others found no
decrease.*** Recently, Sun et al. reported that interferon
therapy 1mproved the overall survival of patients with
HBV-related HCC after curative resection, probably by
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postponing recurrence.® Lamivudine appears to be
superior to interferon in delaying HCC development
In our series, interferon was administered after lamivu-
dine therapy for 6 months in one patient, who then
showed a decreased serum concentration of HBV DNA
and ALT activity without appearance of YMDD mutant
viruses. A combination of lamivudine and interferon
therefore may represent a useful alternative treatment
regimen.

This study fell somewhat short of conclusiveness
because the number of patients was small. The effects
of HBV genotjypes on recurrence after surgery also are
undear. The effects of YMDD mutant virus and adefovir
dipivoxil on HCC recurrence also should be evaluated.
A larger investigation is necessary to clarify the effects of
and indications for lamivudine.

In conclusion, lamivudine therapy 1mproved ‘the

‘tumor-free survival rate after curative resection of HBV-

related HCC in patients with a high serum concentra-
tion of HBV DNA, although careful follow up was

necessary for timely detection of YMDD mutant viruses -.

to minimize their adverse effects.
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ABSTRACT

Background/Aims: Liver resection for hepatocellu-
lar carcinoma in patients with cirrhosis carries risk
of major hemorrhage and sometimes requires blood
transfusion. We investigated risk factors for massive
blood loss during liver resection and indications for
storing blood for autologous intracperative transfu-
sion.

Methodology: We analyzed clinical records of 100
patients with cirrhosis who underwent liver resec-
tion for hepatocellular carcinoma. Autologous blood
was stored preoperatively for 19 patients.

Results: Intraoperative blood loss ranged from 5 to
3000mL (mean, 640). Liver resection was performed
without transfusion in 67 patients and with autolo-
gous blood storage in 17 patients not receiving

homologous blood. In the other 16 patients, homolo-
gous blood was transfused. Univariate analysis iden-
tified youth, large tumors (>4cm), major hepatecto-
my, portal tumor involvement, hepatic vein involve-
ment, and prolonged operation time as risk factors
for massive blood loss; multivariate analysis identi-
fied portal involvement and hepatic vein involve-
ment as independent risk factors. Blood loss exceed-
ed 1000mL in the 4 transfused group B patients and
3 of the 4 patients had hepatic vein involvement. =
Conclusions: Portal involvement and hepatic vein
involvement were risk factors for massive blood loss
during liver resection for hepatocellular carcinoma in
patients with cirrhosis. Autologous blood storage is
indicated in patients with such risk factors.

INTRODUCTION

Despite recent advances in instrumentation and
techniques including hepatic inflow occlusion and
total vascular exclusion, liver resection is particularly
associated with hemorrhage, sometimes requiring
blood transfusion. Most hepatocellular carcinomas
(HCC) are associated with chronie liver disease includ-
ing cirrhosis, inducing a coagulopathy. As a result,
reported transfusion rate and mean blood loss during
liver resection for HCC exceed 30% and 1000mL
respectively (1-4). Massive blood loss during liver
resection has been reported to be a risk factor for post-
operative hepatic failure (1,2,5,6), while homologous
blood transfusion carries risks including viral hepati-
tis and graft-versus-host disease. Poor outcomes in
patients receiving homologous blood transfusion
recently have been reported (7-2), while some investi-
gators have noted efficacy of autologous blood trans-
fusion in liver resection (10-14). As few reports have
analyzed risk factors for massive blood loss during
liver resection for HCC in patients with cirrhosis, we
carried out such a study including the issue of indica-
tions for preoperative autologous blood storage.

Hepato-Gastroenterology 2007; 54:830-833
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METHODOLOGY .

From early 1999 to August 2005, we performed
liver resection for HCC in 100 patients with cirrhosis.
Data from these 100 consecutive patients were ana-
lyzed retrospectively. Cirrhosis was diagnosed patho-
logically using the resection specimens. Subjects con-
sisted of 70 men and 30 women, with a mean age of 65
years (range, 45 to 81 years). Sera from 65 patients
were positive for anti-hepatitis C virus antibody alone,
15 patients were seropositive for hepatitis B surface
antigen- alone, while 1 patient was seropositive for
both anti-hepatitis C virus antibody and hepatitis B
surface antigen. Sera from 19 other patients were neg-
ative for both viral markers.

Before surgery, patients underwent ultrasonogra-
phy, computed tomography, and angiography. Intra-
operative ultrasonography also was performed. The
imaging reliably detected portal involvement (portal
vein tumor thrombi at the right and left portal veins
and the bifurcation of the veins). When the trunk of
the right, middle, and/or left hepatic vein was com-
pressed or when tumor thrombi were present in
hepatic veins, the hepatic vein was assumed to be
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involved. These cases required exposure and dissec-
tion or cutting of the hepatic veins. In patients who _
underwent resection of at least one Couinaud segment "~ = =7 e
(15), an ultrasonic dissector (CUSA Excel, Valleylab,

TABLE 1 Clinicopathologic and Operative Factors in Pafients with Masswe v |

Lesser lntraoperatwe Blood Loss

Intr30perat1ve ‘blood loss R mL) Pt

Boulder CO) was used for hepatic dlssectlon during ,I;Z:u_).rs 3 ' <1%%(,)3ng()8 2. >lggi(;'l7;18) po_‘(’)azl(;ze
total or unilateral intermittent clamping of hepatic  Gender, rale fomale 60:22 10:8 0.162
vascular inflow. In patients who underwent, limited Hemoglobin, g/dL, 134(111,155)  13.1(10.9,150)  0.419
liver resection (resection of less than one segment), Platelet count, x104mm3 - 13.2 (7.8, 19.4) 12.0 (6.9, 17.6) 0.131
hepatic parenchyma was dissected with the ultrasonic ~ Prothrombin time (sec) - _11.3 (9.8, 12.7) 11.0 9.3, 11.9) 0.336
djssqctoi- after cqagulaﬁon a]ong' 'ﬂ:le djssgctiqn line Total bilirubin, g/dL 0.9 (0.5,1.3) 0.8 (0.5, 1.2) 0.708
with a microwave tissue coagulator (Microtaze; Heiwa Albumin, g/dL, 3.7(3.2,4.1) 3.8(3.3,4.2) 0.143
Bl i oo ) R B
|, Qperatie blog st wes etimated a5 thesum o {oGh UG~ 11160 T 6615 S0000T
D - = ? U SEYTER AFP elevation (>20ng/ml) T 467 12~ T 0444
by suctioning. The need for blood transfusion was  ‘rymor sise, em 28+16 3821 0.0162
determined by the surgeons together with anesthesi-  Single tumor number 45 11 0.794
ologists, guided by intracperative monitoring of blood  Portal involvement 2 4 0.0091 -
loss, vital signs, urinary output, and laboratory test Hepatic vein involvement 8 11 <0.0001
results. A restrictive blood transfusion policy during Major hepatectomy 1 5 0.0006
Operation time, min 235+83 373+158 <0.0001

liver resection in patients with cirrhosis, proposed by
Makuuchi et al.. (16), was used

AST: aspartate é.minotransferasg; ALT: alanine aminotransferase;
ICGR;s: indocyanine green retention rate at 15 min; AFP: a-fetoprotein.
For continuous variables, values are means *+ SD, or medians followed in

Helsm]n Declaratmn and the gmdehnes of the Ethics

Committee of our institution. Informed consent was
obtained from each patient.

Au'oologous blood was stored when the conditions
below were met. Patients with hemoglobin of at least
11.0g/dL or hematocrit of at least 33%, and without
acute infection were offered the option of preoperative
autologous blood storage. After informed consent,
400mL (one collection) to 1200mL (three collections)
of blood was taken, with the multiple collections car-
ried out at weekly intervals.

A histologic grade for tumor d.lﬁ'erentlatlon was
aSSIgned using the Edmondson-Steiner classification
(17) with modification according to the Liver Cancer
Study of Japan (18). Noncancerous hepatic tissues
also were examined pathologically. A histologic activi-
ty index (19) was used to evaluate the degree of fibro-
sis (cirrhosis).

Student’s ¢ test was used to analyze differences in
age and tumor size. The Mann-Whitney U test was
used to analyze differences in laboratory test results.
Fisher’s exact test or the chi-squared test was used to
compare categoric data between groups. Odds ratio
(OR) and 95% confidence interval (CI) were calculated
using a conditional regression model. For multivariate
analysis, the significant variables (p<0.1) were mod-
eled using conditional logistic regression. The adjust-
ed OR and 95% CI for each variable were estimated
using the logistic regression coefficient.

RESULTS

Intraoperative blood loss ranged from 5 to 3000mL
(mean, 640). Liver resection was performed without
blood storage or transfusion in 67 patients (group A).
In 17 patients, autologous blood was stored and liver
resection was performed with only autologous blood
transfusion, if needed (group B); 16 other patients
received homologous blood (group C); including 2
patients also receiving autologous blood stored preop-

parentheses by 10% and 90% percentiles.

eratively. Intraoperative blood loss was 437+374mL
(range, 5 t0.1800) in group A, 695+445mL (150 to
1855) in group B, and 1432+773mL (355 to 3000) in
group C. Of the 16 patients in group C, 11 had blood
loses exceeding 1000mL; 5 of 67 patients in group A
and 4 of 17 patients in group B had such losses. The
proportion of patients with massive blood loss
(>1000mL) was significantly higher in group C than
in group A or B (p<0.0001 and p=0.0149 respective-
Iy). In group C, homologous.blood transfusion was
given in 2 patients with anemia, 1 patient with chron-
ic renal failure, and 1 patient with ulcerative colitis,
even though blood loss was less than 1000mL. In 10 of
the 12 remaining, patients in group C, blood loss
exceeded 1000mL. Thus, homologous blocd often was
transfused when blood loss exceeded 1000mL.

In addition to the above.tiransfusion-defined
groups, subjects were divided into a group of 18
patients with massive blood loss (>1000mL) and
group of 82 patients without massive blood loss
(Table 1). In patients with massive blood loss, mean
age was significantly lower, and mean tumor size was
significantly greater, than in patients with less loss.
The proportion of patients with a large tumor (4cm or
greater in diameter) was significantly higher among
patients with massive blood loss than among patients
with less loss (p<0. 0001). The proportion of patients
who underwent major, hepatectomy (bisegmentecto-
my) was mgmﬁcaﬁtly higher for patients with massive
blood loss than for patients with less loss. Operation
time was significantly longer in the patients with mas-
sive loss.

Proportions of patients with portal tumor involve-
ment and hepatic vein involvement were significantly
higher among patients with massive blood loss. In two
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TABLE 20dds Rauo iur Masswe Blnnd Loss (>10_uumL)

Evaluated by Umvanale Analysns

: Confldence

Factors. 0dds ratio 95% interval p value
Age (pér 1 year) 0.928 ) 0.870-0.991 0.0248
Tumor size (>4cm) 4.857 1.636-14.424 - 0.0044
Portal invasion 11.429 1.908-68.451 0.0076
Hepatié vein invasion 14.536 - 4.396-48.067 <0.0001
Major hepatectomy . "~ 31.154 3.364-288.477 0.0248
Opefétioh time (per 1 min) 1013 1.006-1.020 - ) 0.0008

‘I’ABI.E 3Ad1usled Udds Ratm forMasswe Blood Loss {>1000mL) Evaluated by'

Multwanale Rnalysis of Preoperafive Faclors

B Adjusted 95% Confidence
Factors odds ratio interval p value
Age 0.984 0.883-1.053 0.421,
Tumor size (>4cm) 1.707 0.386-7.547 0.481
Portal invasion 11.798 1.335-104.252 0.0264
Hepatic vein invasion 12.274 2.885-52.224 ] 0.0007

patients, tumor thrombus at the bifurcation of the
right and left portal veins was removed. Of the six
patients who underwent major hepatectomy, five were
youhger ‘than the mean age for all subjects. Six
patients who underwent major hepatet:tomy had at
least one of three tumor-related risk factors (large
tumor, portal involvement and/or hepatic vein
involvement). Proportions of patients with a large
tumor (>4cm) or portal involvement were significant-
ly higher in major hepatectomy patients than in minor
hepatectomy patients (p=0.0240 and p<0.0001
respectively). The proportion of patients with hepatic
vein involvement tended to be higher in the major
hepatectomy group than in the minor hepatectomy
group (p=0.0807). Thus, major hepatectomy typically
was performed in young patients with advanced HCC.
Proportions of patients with portal involvement or
hepatic vein involvement were significantly high'er in
cases with a long operation time (2360 min) than in
cases with a “shorter operation (p=0.0023 and
p»=0.0026 respectively). The proportion of patients
with large tumors tended to be higher in cases with 4
long operation time (p=0.0697).

By univariate analysis, the OR for massive blood
loss (>1000mL) increased as age decreased (Table 2),
Large tumor (>4cm), major hepatectomy, portal
involvement, hepatic vein involvement, and prolonged
operation time were significant risk factors for mas-
sive blood loss. We next calculated an adjusted OR
using only preoperative variables to predict risk for
massive blood loss before surgery. Multivariate analy-
sis identified hepatic vein involvement and portal vein
involvement as independent risk factors for massive
blood loss (Table 3).

Although blood loss exceeded 1000mL in 4 patients
in group B, the operation could be performed safely
using only autologous blood transfusion without
homologous transfusion. Of these 4 patients, 3 had
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hepatic vein involvement. In the other 13 group B
patients, blood loss was less than 1000mL.

DISCUSSION

Youths, large tumors (>4cm), portal involvement,
hepatic vein involvement, major hepatectomy, and
prolonged operation time were risk factors for massive
blood loss by our present univariate analysis, while
portal irivolvement and hepatlc vein involvement were
independent risk factors for massive blood loss by mul-
tivariate analysis mcludmg only preoperative factors.
Several previous studiés identified factors affecting
blood loss during liver resection as tumor size, number
of tumors, tumor” stage, macroscopic vascular inva-
sion, major hepatéctomy, central venous pressure
(CVP), and operation time (3,20-23).

Although young patients had a significantly
greater risk by univariate analysis, most patients who
underwent major hepatectomy weré young patients
with portal involvement and/or hepatlc vein involve-
ment. Thus, amount of blood loss was affected by type
of operation and advanced HCC stage rather than age
itself. Proportions of patients with large tumors, por-
tal involvement, or hepati¢ vein involvement were
higher in major hepatectomy patiénts than in' minor
hepatectomy patients, and higher in association with
long than short operations. Accordingly, prolonged
major hepatectomy typlca.lly was perforined for large,
advanced HCC with portal involvement and/or hepat-
ic vein involvement, résulting in massive blood loss.

By multivariate analysis using preoperative fac-
tors, portal involvement and hepatic vein involvement
were independent risk factors for massive blood loss.
In two patients, portal thrombectomy, a procedure
with serious risk of hemorrhage, was required by por-
tal tumor thrombus situated at the bifufcation of the
right and left portal veirs. Massive bleeding usually
occurs from the major hepatic veins (right, middle,
and left hepatic veins), inferior vena cava (IVC), and
direct tributaries of the major hepatic veins or IVC. In
some studies, maintenance of a low CVP (below 5 cm

" H20) was effective in reducing blood loss during hepa-

tectomy (20,23-28), although in the experiences of
Hasegawa et al. (27) decreasing CVP by hypoventila-
tion did not reduce blood loss during liver resection.

- Extrahepatic control of the hepatic veins and meticu:

lous ligation of small tributaries entering the hepatic
veins and IVC is important for preventmg bleeding
during parenchymal dissection.

Kajikawa et ol. (12) performed transfision when
blood loss exceeded 2000mL, in patients with cirrhosis
underwent liver resection, while Wu et ol. (3) found
that no blood transfusion was needed in some patients
even when estimated blood loss exceeded 2000mL.
Miyagawa et al. (28) administered transfusions in liver
resection when estimated blood loss exceeded
1500mL. In our present study, mean blood loss in
group C was 1432+ 773mL, with blood loss exceeding
1000mL in 11 of 16 patients; the largest blood loss not
requiring homologous blood transfusion was 1800mL.
Thus, need for transfusion was likely when blood loss
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exceeded 1000mL. In group B, blood loss exceeded
1000mL in 4. of 17- patlents “Assuming that blood
transfusion would bé& necessary only when blood loss
exceeded 1000m.L autologous blood transfusion’ was |
not neceséary in thé other 13 patlents In addltlon
autologous blood transfusion mJght not hiave been nec- .
essary in all of the 4 pahents who eceived it, sirce the
volume lost ranged from 1045 to 1855mL. Preopera-
tive storage of autologous blood therefore is hof neces-
sary for most patients, although autologous blood
should be useful for patients with HCC who have risk

REFERENCES

1 Shimada M, Matsumata T, Akazawa K, Kamakura T,
Itasaka H, Sugimachi K, et al: Estimation of risk of major
complications after hepatic resection. Am J Surg 1994;
167:399-403.

2 Taniguchi H, Takahashi T: Analysis of 210 elective hepat-
ic resections. Hepatogastroenterology-1997; 44:1624-1631.

3 Wu CC, Kang SM, Ho WM, Tang JS, Yeh DC, Liu TJ,
et al: Prediction and limitation of hepatic tumor resection
without bléod transfusmn in cirrhotic patients. Arch Surg
1998; 133:1007-1010. :

4 Poon RTP, Fan ST, Lo CM, Ng IOL, Liu CL, Lam CM,
et al: Improvmg suryival results after resection of hepato-
cellular ca.rcmoma a prospectxve st:udy of 877 pahents over
10 years. Ann Surg 2001; 234:63-70.

5 Gozzetli G, Mazziotti A, Grazi GL, Jovine E, Gallucei
A, Gruttadauria S, et al: Liver resection without blood
transfusion. Br J Surg 1995; 82:1105-1110. |

6 TFan ST, Lai ECS, Lo CM, Chu KM, Liu CL, Wong J:
Hepatectomy with an ultrasonic dissector for hepatooellular
carcinoma. Bf J Surg 1996 83:117-120. °

7 Asahara T, Katayama K, Itamoto T, Yano M, Hino M,
Okamoto Y, et al: Perioperativé blood transfision as a
prognostic indicator in patients with hepatocellular carcino-
ma. World J Surg 1999; 23:676-680.

8 Yamamoto J, Kosuge T, Takayama T, Shimada K,
Yamasaki S, Ozaki H, et al: Perioperative blood transfu-
sion promotes recurrence of hepatocellular carcinoma after

. hepatectomy. Surgery 1994; 115:303-309.

9 Kwon AH, Matsui Y, Kamiyama Y: Pericperative blood
transfusion in hepatocellular carcinomas: influence of
immunologic profile and recurrence free survival. Cancer
2001; 92:771-778.

10 Fujimoto J, Okamoto E, Yamanaka N Oriyama T,
Furukawa K, Kawamura E, et al: Efficacy of autotrans-.
fusion in hepatectomy for hepatocellular carcinoma. Arch
Surg 1993; 128:1065-1069.

11 Kajikawa M, Nonami T, Burokawa T, Hashimoto S,
Harada A, Nakao A, et al: Autologous blood transfusion
for hepatectomy in patients with cirrhosis and hepatoce]lu-
lar ‘carcinoma: use of recombinant human erythropoietin.
Surgery 1994; 115:727-734.

12 Chan ACW, Blumgart LH, Wuest DL, Melendez JA,
Fong Y: Use of preoperative autologous blood donation in
liver resections for colorectal metastases. Am J Surg 1998;
175:461-465.

13 Shinozuka N, Koyama I, Arai T, Numa_urx Y, Watan-
abe T, Nagashima N, et al: Autologous blood transfusion
in patients with hepatocellular carcinoma undergoing hepa-
tectomy. Am J Surg 2000; 179:42-45.

14 Obayashi T, Taniguchi H, Mugitani T, Koh T, KJta-

factors for massive blood loss. In this study, portal
involverent and hepatlc vein involvement were inde-
pendent nsk factors for such loss In patlents with

maJor venous involvement, autglogous blood is useful

in‘avoiding homologous blood transfision.

- In_conchision, patients with cirrhosis who have
portal “and/or hepatic vein tumor involvement are at a
risk for massive blood loss during liver resection for
HCC. When specific contraindications are not present,
autologous blood storage is indicated in such patients.

gawa K, Kunishima §, et al: Safety and utility of autolo-
gous blood trapsfusion for resection of metastatic liver
tumor. Hepatogastroenterology 2001; 48:812-817.

15 Couinaud C: Lobes et segments hepatiques. Notes sur lar-
chitecture anatomique du foie. Press Med 1954; 62:709-711.

16 Makuuchi M, Takayama T, Gunvin P, Kosuge T,
Yamazaki S, Hasegawa H: Restrictive versus liberal blood
transfusion policy for hepatectomies in c1rrhot1c pat)ents
World J Surg 1989; 13:644-648. '

- 17 Edmonson HA; Steiner PE: Primary carcinoma of the

liver: a study of 100 cases among 48,900 necropsies. Cancer
1954; 7:462-503.

18 Liver Cancer Study Group of Japan: Classﬁicatlon of
primary liver Canceér, 1st Enghsh ed. Tokyo, Kanehara &
Co., 1997.

19 Desmet VJ, Gerber M, Hoofnagle JH, Manns' M,
Scheuer PJ: Classification of chronic hepatitis: diagnosis,
grading and stagmg Hepatology 1994; 19:1513-1520.,

20 Cun:nmgham JD, Fong Y, Shriver C, Melendez dJ,
Marx WL, Blumgart LH: One hundred consécutive hepat-
ic resections: blood loss, transfusion, and operative tech-
nique. Arch Surg 1994; 129:1050-1056..

21 Mariette D, Smadja C, Naveau S, Borgonove G, Vons
C, Franco D: Preoperative predictors of blood transfusion
in liver resection for tumor. Am J Surg 1997; 173:275-279.

22 Belghiti J, Hiramatsu K, Benoist S, Massault PP,
Sauvanet A: Seven hundred forty-seven hepatectomies in
the 1990s: an update to evaluate the actual risk of liver resec-
tion. J Am Coll Surg 2000; 191:38-46.

23 Itamoto T, Katayama K, Nakahara H, Tashiro H, Asa-
hara T: Autologous blood storage before hepatectomy for
hepatocellular carcinoma with underlying liver disease. Br J
Surg 2003; 90:23-28.

24 Rees M, Plant G, Wells J, Bygrave S: One hundred and

fifty hepatic resections: evolution of technique towards
bloodless surgery. Br J Surg 1996; 83:1526-1529.

25 Johnson M, Mannar R, Wu AVO: Correlation between
blood loss and inferior vena caval pressure during liver resec-
tion. Br J Surg 1998 85:188-190.

26 Jones RM, Moulton CE, Hardy KJ: Central venous pres-
sure and its effect on blood loss during hver resection. Br J
Surg 1998; 85:1058-1060.

27 Hasegawa K, Takayama T, Orii R, Sano K, Sugawara
Y, Imamura H, et al: Effect of hypoventilation on bleeding
during hepatic resection: a randomized controlled trial. Arch
Surg 2002; 137: 311-315.

28 Miyagawa S, Makuuchi M, Kawasaki S, Kakazu T Cri-
teria for safe hepatic resection. Am J Surg 1995; 169:589-
594.

309



Surg Today (2007) 37:285-290
DOI 10.1007/s00595-006-3403-6

Surcery Topay
© Springer 2007

Surgical Treatment for Hepatocellular Carcinoma Detected After

Successful Interferon Therapy

SHos1 KuBo!, HIRoMU TANAKA!, SHIGEKAZU TAKEMURA!, SATOSHI YAMAMOTO!, SEIKAN HAT', TsuYosHI IcHIKAWAL,
SHINTARO Kopal!, HIron SHINKAWAL, TarcH1 SHUT0?, and KAZUHIRO HIROHASHI?

tDepartment of Hepato-Biliary-Pancreatic Surgery, Osaka City University Graduate School of Medicine, 1-4-3 Asahimachi, Abeno-ku,

Osaka 545-8585, Japan

2Department of General Practice, Osaka City University Hospital, Osaka, Japan

Abstract

Purpose. Interferon therapy suppresses the develop-
ment of hepatocellular carcinoma (HCC) and tumor
recurrence after a resection of HCC in patients with
chronic hepatitis C. However, the value of a liver resec-
tion and which method is best for the treatment of HCC
detected after successful interferon therapy remains to
be clarified. The risk factors for tumor recurrence after
a liver resection for HCC detected after successful in-
terferon therapy were investigated to determine the ap-
propriate operative method for such HCC.

Methods. Risk factors including the clinicopathologic
findings and the operative methods for tumor recur-
rence were evaluated by univariate and multivariate
analyses in 24 patients who underwent liver resection
for HCC detected after successful interferon therapy
(sustained viral response or biochemical response).
Results. According to a univariate analysis, large tumor
(>2°cm, P = 0.0326), multiple tumors (P = 0.0372), non-
anatomic resection (P = 0.0103), and positive surgical
margin (<5mm of a free surgical margin, P = 0.0245)
were possible risk factors for short tumor-free survival
time after surgery. A multivariate analysis showed that
Jarge tumor (P = 0.0407), nonanatomic resection (P =
0.0215), and positive surgical margin (P = 0.0253) were
independent risk factors for a short tumor-free survival
time after surgery.

Conclusion. An anatomic resection with an appropriate
surgical margin (25mm of a free surgical margin) is
recommended for patients with HCC detected after
successful interferon therapy.

Key words Hepatocellular carcinoma - Interferon ther-
apy - Liver resection - Anatomic resection - Chronic
hepatitis C
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Introduction

Hepatitis C virus (HCV) is one of the most common
causes of hepatocellular carcinoma (HCC). The results
of treatment for HCV-related HCC are still unsatisfac-
tory because of a high rate of HCC recurrence and the
progression of underlying chronic hepatitis and cirrho-
sis.1® Recently, interferon (IFN) therapy has been
shown to improve the liver function and histology, while
suppressing the development of HCC in patients with
chronic hepatitis C.#'? Previous studies have indicated
that HCC is less likely to develop in patients in whom
IFN effectively normalized the serum alanine amino-
transferase (ALT) activity, evenn when HCV RNA did
not disappear.® In addition, active hepatitis is a risk
factor for tumor recurrence after a liver resection for
HCV-related HCC'? and postoperative IFN therapy
suppresses recurrences while prolonging the survival
time after treatment for HCC12-¥3

Although HCCs can even develop in patients suc-
cessfully treated with IFN,® we previously reported
the tumor-free survival rate to be significantly higher
in patients in whom IFN therapy was effective than in
patients in whom IFN therapy was not effective and in
patients who did not undergo IFN therapy.''® There-
fore, a liver resection offers hope for the low incidence
of postoperative recurrences in HCC patients when pre-
vious IFN therapy has controlled their active hepatitis
associated with HCV. However, the value of a liver re-
section for HCC detected after successful IFN therapy
is still unclear. In this study, the risk factors for tumor
recurrence after a liver resection for HCC detected
after successful IFN therapy were investigated to
determine the appropriate operative method for such
HCC.
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Patients and Methods

Patients

The subjects in this study consisted of 24 pétients who

underwent a curative liver resection for HCC detected”

after successful IFN therapy. HCC was detected from 3
months to 13 years (mean, 4 years 5 months) after the
end of IFN therapy. Curative surgery was defined as a
complete removal of all macroscopic tumor masses and
no histologic evidence of any tumor cells along the pa-
renchymal transection line. Before the detection of
HCC, IFN-a was administered in 10 patients, [FN-02a
in 1 patient, IFN-02b in 11 patients, and IFN-f in 2 pa-
tients. The response to IFN therapy was classified based
on the changes in the HCV RNA levels and the serum
ALT activity during and immediately after IFN admin-
istration, and for at least 1 year after IFN therapy. Nine-
teen patients obtained a sustained viral response, which
was defined as return of the ALT activity to within the
reference range and no detectable serum HCV RNA
for at least 1 year after IFN therapy. A biochemical re-
sponse, which was defined as a normalized ALT activity
for at least 1 year after IFN therapy with or without a
transient disappearance of serum HCV RNA, was dem-
onstrated in 5 patients. A hemihepatectomy, bi-segmen-
tectomy, and segmentectomy, are all assumed to be
anatomic resections. The median follow-up from the
operation until the detection of HCC recurrence or
study endpoint (September 30, 2006) was 678 days
(range, 125-4580).
This study was conducted in accordance. with the
Helsinki Declaration and the guidelines of the Ethics
' Committee of our institution. Informed consent was
obtained from each patient.

Detection of recurrences

The serum concentration of a-fetoprotein and protein
induced by the absence of both vitamin K and antago-
nist IT were measured 1 month after surgery and then
every 3 months thereafter. Ultrasonography, computed
tomography, chest radiography, or some combination
of these tests were done 1 month after surgery and then
every 3 months thereafter. When a recurrence of the
HCC was strongly suspected based on the findings of
tumor markers or imaging, selective hepatic angiogra-
phy, ultrasound-guided biopsy, or both was conducted
to establish a definitive diagnosis.

Histology

The guidelines of the Liver Cancer Study Group of
Japan®® were used to categorize the histologic findings.
The tumor number was determined by macroscopic and

3. Kubo et al.: Hepatoma After Interferon Therapy

microscopic examinations. The histologic grade of
differentiation (well, moderate, or poor) of HCC
was determined according to a modification of
Edmondson and Steiner.? The grade (grade of active

-hepatitis) and stage (degree. of hepatic fibrosis) in the

noncancerous hepatic tissue specimens were determined
based o' the score of the histologic activity index,?
which was determined by four events, i.e., periportal
necrosis with or without bridging necrosis, intralobular
degeneration with focal necrosis, portal inflammation,
and fibrosis.

Statistics

The survival rates were calculated by the Kaplan-Meier
method and then were compared with the log-rank test.
The tumor-free survival time was measured from the
date of resection until the detection of a recurrent tumor
or the end point of this study (September 30, 2006) in
patients who did not develop a recurrence. Cox’s pro-
portional hazard model with a stepwise variable selec-
tion was used for a multivariate analysis. A P value of
less than 0.05 was considered to be significant. The vari-
ables were selected based on the findings of previous
studies or our own clinical experience. The variables
chosen were age (265 or <65), gender, history of alcohol
abuse (intake of at least 86 g of ethanol daily for-at least
10 years),? a history of blood transfusion, anti-hepatitis
B core antibody (positive or negative), total bilirubin
(21 or <1mg/dl), albumin concentration (4.0 or <4.0g/
dl), indocyanine green retention rate at 15min (ICGR,s,
210 or <10%), a platelet count (>10x 10 or <10 x 104/pl),
serum o-fetoprotein concentration (>20 or <20ng/ml),
the largest diameter of the main tumor (>2 or <2 cm), the
degree of differentiation of the main tumor (well-, mod-
erately vs. poorly differentiated HCC), the number of
tumors (single or multiple including intrahepatic metas-
tasis), microscopic portal invasion, the grading score (0,
1, or 2 to 4), the staging score (0 to 2 or 3, 4), the opera-
tive methods (anatomic or nonanatomic resection), and
the surgical margin. When the surgical free margin based
on a pathologic examination was less than Smm, it was
defined as a positive surgical margin. The statistical anal-
ysis was performed using the StatView program (SAS
Institute, Cary, NC, USA).

Results

Of the 24 patients, HCC recurred in 8 patients. In 5 of
the 8 patients, multiple recurrent tumors were detected
in the remnant liver within 3 years after the operation.
In 3 other patients, a solitary recurrent tumor was de-
tected in the remnant liver. In 2 of the 3 patients, the
recurrent tumor was treated with microwave coagula-
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Fig. 1. Tumor-free survival rate after a resection of hepatocel-
lular carcinoma in patients who underwent an anatomic resec-
tion or a nonanatomic resection. Continuous line, anatomic
resection (n = 11); dotted line, nonanatomic resection (n =

13)
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Fig. 2. Tumor-free survivalrate after a resection of hepatocel-
lular carcinoma in patients with a positive or negative surgical
margin. Continuous line, negative surgical margin (n = 13);
dotted line, positive surgical margin (n = 11)

tion therapy or radiofrequency ablation therapy and the
patients are still alive without HCC recurrence (6 years
4 months after the therapy, 1 month after the therapy,
respectively). In the other patient, a second liver resec-
tion was performed and the patient is alive without
HCC recurrence (2 years 6 months after the second
operation). Based on a univariate analysis, large size
tumor (P = 0.0326), multiple tumors (P = 0.0372), non-
anatomic resection (P = 0.0103), and positive surgical
margin (P = 0.0245) were possible risk factors for a short
tumor-free survival time after the operation (Table 1).
The tumor-free survival rates in patients who under-
went an anatomic resection or nonanatomic resection
and those in patients with positive or negative surgical
margin are shown in Figs. 1 and 2. A multivariate analy-
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sis showed a large tumor (risk ratio, 0.015; 95% confi-
dence interval, 0.000257-0.836; P = 0.0407), a non-
anatomic resection (0.0396, 0.00252-0.622, P = 0.0215),
and a positive surgical margin (0.067, 0.006-0.716,
P =0.0253) to all be independent risk factors for a short
tumor-free survival time after the operation (Table 2).
In the 8 patients with HCC recurrence, 7 patients
had a larger tumor (>2cm) and 5 patients had multiple
tumors. Seven patients underwent a nonanatomic
resection while another patient with portal invasion in
the left portal vein underwent an extended left lobec-
tomy. The surgical margin was positive in 6 of the 8
patients.

Discussion

Our previous study showed that an advanced age, HCV
viremia, elevated aspartate aminotransferase (AST) ac-
tivity, elevated ALT activity, large tumor size, multiple
tumors, moderately or poorly differentiated HCC,
portal invasion, and high-grade score (active hepatitis)
were possible risk factors for HCC recurrence after a
liver resection for HCV-related HCC.? Some recur-
rences are thought to result from intrahepatic meta-
stases originating from the primary cancer and some
from multicentric (multifocal) carcinogenesis after sur-

. gery.#% Studies of the risk factors for multicentrjc oc-

currence of HCC or recurrence after resection of HCC

‘suggest that chronic active hepatitis and hepatic fibrosis

are important factors in multicentric carcinogenesis
after surgery.23%% It is thus important to consider the
potential for hepatic carcinogenesis that is related to
active hepatitis and hepatic fibrosis to determine the
appropriate treatment for HCC patients with chronic
hepatitis C.2 On the other hand, many studies have
shown that IFN therapy improves active hepatitis and
hepatic fibrosis, thus resulting in a decreased incidence
of HCC development.*!® Several studies have also
confirmed that IFN therapy suppresses the incidence
of HCC recurrence after treatment for HCV-related
HCC.2335 Although HCC develops even in patients
who were treated successfully with IFN, the prognosis
after treatment for such HCC is better than in patients
with active hepatitis caused by HCV 16172 These find-
ings indicate that successful IFN treatment for HCV
suppresses the potential for carcinogenesis while de-
creasing the development of multicentric carcinogenesis
after surgery for primary HCC.

In this study, 8 patients had HCC recurrence after the
operation. Of the 8 patients, 7 had a large-sized tumor
(>2cm) and 5 had multiple tumors. Seven patients
underwent a nonanatomic resection and the surgical
margin was positive in 6 patients. A univariate analysis
showed the risk factors for recurrence include tumor
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Table 1. Tumor-free survival rate after a resection of hepatocellular carcinoma
Survival rate (%)

Variable (n) 4 years 8 years 12 years P value

Age (years)
265 (10) 67 67 67 0.145
<65 (14) 70 0 0

Gender
Male (18) 72 54 54 0.209
Female (6) 33 — —_

Alcohol abuse
Yes (4) 51 51 — 0.771
No (20) 68 52 52

Blood transfusion
Yes (6) 67 — — 0.925
No (18) 58 47 .47

Anti-hepatitis B core antibody
Positive (13) 73 73 73 0.300
Negative (11) 54 — —

Total bilirubin (mg/dl)
21,0 (11) 76 — — 0.255
<1.0 (13) 55 37 37

Albumin (g/) :
24.0'(16) 81 55 — 0.0884
<4.0 (8) 38 38 38

ICGRys (%) .
210 (17) 62 62 62 0.889
<10 (7) ) 67 — —

Platelet count (x10*/mm?)
210.0 (21) ' 73 58 58 0.358
<10.0 (3) — — —

o-Fetoprotein (ng/ml)
>20.0 (12) 67 — — 0.958
£20.0 (12) 63 63 63

Tumor size (cm)
22.0 (15) ' 37 37 — 0.0326
<2.0 (9) 100 67 67

Differentiation of tumor
Well or moderately (11) 77 63 63 0.0918
Poorly (13) 52 — —

Tumor number
Single (14) _ 73 73 73 0.0372
Multiple (10) 47 .= —

Microscopic portal invasion
Yes (11) 73 — — 0.922
No (13) 63 4 42

Grading score
0,1 (11) 82 — - 0.428
2-4 (13) 57 43 43

Staging score
0-2 (11) 76 — — 0.581
3,4 (13) 56 56 56

Operative method
Anatomic (11) 91 91 91 0.0103 '
Nonanatomic (13) 38 0 0

Surgical margin
Positive (11) 51 0 0 0.0245
Negative (13) 75 75 75

ICGR,,, indocyanine green retention rate at 15min
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Table 2. Independent risk factors for short tumor-free survival time after liver resec-

tion for hepatocellular carcinoma (multivariate analysis)

Variable Risk ratio 95% confidence interval P
Large tumor (>2cm) 0.015 0.000257-0.836 0.0407
Nonanatomic resection 0.0396 0.00252-0.622 0.0215
Positive surgical margin 0.067 0.006-0.716 0.067

factors such as large HCC and multiple tumors as well
as operative factors such as a nonanatomic resection
and a positive surgical margin. A multivariate analysis
showed a large tumor, a nonanatomic resection, and a
positive surgical margin to be independent risk factor
for short tumor-free survival time after the operation.
The hepatitis activity was not a risk factor in patients
who were treated successfully with IFN therapy. In this
study, multiple recurrent tumors were detected in the
remnant liver within 3 years after the operation in 5 of
8 patients with an HCC recurrence; the tumors were
thought to be intrahepatic metastases originating from
the primary tumor in at least 5 of the 8 patients.®
These findings indicate that HCC recurrences after sur-
gery are mainly due to intrahepatic metastases that had
not been resected in such patients; successful IFN ther-
apy might thus have decreased the incidence of multi-
centric carcinogenesis after the resection of the primary
HCC. Anatomic resections along the portal system can
remove occult intrahepatic metastases, which spread
mainly through the portal vein. On the other hand, a
nonanatomic resection and ablation therapy including
microwave coagulation therapy and radiofrequency ab-
lation therapy are thus considered to be disadvanta-
geous fromthestand pointof eradiatingsuchintrahepatic
metastases.”® A liver resection with an appropriate sur-
gical margin also can remove small metastatic lesions
surrounding the main tumor. Therefore, an anatomic
resection with a sufficient surgical margin is recom-
mended in HCC patients who were treated successfully
by IFN therapy. Recently, the value of an anatomic
resection for HCC has been reported.® The value of an
anatomic resection should be emphasized especially in
patients with HCC detected after successful IFN
therapy.

On the other hand, two patients who underwent mi-
crowave coagulation therapy or a second liver resection
for a solitary recurrent tumor have survived without any
HCC recurrence for a long time after treatment for
their first recurrence. In such patients, successful IFN
therapy possibly suppressed the risk of carcinogenesis,
thus inducing a prolonged tumor-free survival time af-
ter treatment for their first recurrence. Similar findings
have been reported by Shiratori et al.

In conclusion, an anatomic resection with an appro-
priate surgical margin is recommended for patients with

HCC detected after successful IFN therapy. However,
the number of patients in this study was too small to
yield any definitive conclusions.
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ABSTRACT

Background/Aims: Combined hepatocellular and
cholangiocarcinoma of the liver is relatively infre-
quent, and its pathogenesis remains obscure. The
aim of this study is to investigate its clinical and
pathological features and proliferative activity.
Methodology: In this study, we investigated the
histopathological features, Ki-67 labeling index, and
p53 immunohistochemistry of 18 surgically resected
cases of combined hepatocellular and cholangiocarci-
noma among 1102 consecutive cases of surgically
resected primary liver cancers. All tumors were com-
patible with the WHO definition of this tumor.
Microscopically, we classified the cases into the fol-
lowing three categories according to the arrange-
ment of the hepatocellular carcinoma and cholangio-
carcinoma components; 1) Type I in which hepato-
cellular carcinoma and cholangiocarcinoma formed
nodules that could easily be distinguished from each
other, 2) Type II in which the both components were
finely mixed, so that the two components were
almost indistinguishable, and 3) Type III in which
the tumors had lobular structures with hepatocellu-
lar carcinomas existing centrally and cholangiocarci-
nomas existing peripherally.

Results: Microscopically, the tumors were classified
into type I 7 tumors, type I1 5 tumors, and type III 6
tumors. In one case of type I, well differentiated
hepatocellular carcinoma demonstrated cholangio-
carcinoma in “nodules-in-nodules” fashion. The
average of Ki-67 labeling index of hepatocellular car-
cinoma component of combined hepatocellular and
cholangiocarcinoma was 4.4+3.4% and the index of
cholangiocarcinoma component was 11.0+8.5%,
which is significantly higher than that of the hepato-
cellular carcinoma component. On p53 immunohis-
tochemistry, 5 of 18 cases (29.4%) were positive. In
one case, the cholangiocarcinoma component was
positive for p53, but the hepatocellular carcinoma
component was negative. In the other 4 cases, both
the hepatocellular carcinoma and cholangiocarcino-
ma components were positive.

Conclusions: Microscopically, type ITI seems to be a
feature of metaplasia or proliferation of bipotential
progenitor cells. Metaplasia of hepatocellular carci-
noma to intrahepatic cholangiocarcinoma is assumed
to be one of the pathogenic pathways of combined
hepatocellular and cholangiocarcinoma.

INTRODUCTION

Primary liver cancers can be classified either into
hepatocellular carcinoma, originating from the hepa-
tocytes, or intrahepatic cholangiocarcinoma, originat-
ing from the intrahepatic bile duct epithelium. How-
ever, there are occasional cases that present both

_hepatocellular carcinoma and intrahepatic cholangio-

carcinoma in the same liver. Such tumors are desig-
nated as combined hepatocellular and cholangiocarci-
noma. But histological criteria for the combined hepa-
tocellular and cholangiocarcinoma have not been uni-
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versally agreed upon. Allen et al. (1) subclassified com-
bined hepatocellular and cholangiocarcinoma into 1:
collision type, 2: combined type, and 3: mixed type.
However, from the clinicopathological features, it
would be better to exclude the collision type from com-
bined hepatocellular and cholangiocarcinoma. In the
World Health Organization Classification of Tumours,
Pathology and Genetics of Tumours of the Digestive
System, combined hepatocellular and cholangiocarci-
noma is diagnosed when lesions containing unequivo-
cal elements of both hepatocellular and cholangiocar-
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cinoma that are intimately admixed (2).

In 1985, Goodman et al. (3) classified the combined
hepatocellular and cholangiocarcinoma into the follow-
ing three categories: 1) Hepatocellular carcinoma and
intrahepatic cholangiocarcinoma could be clearly distin-
guished. 2) Cholangiocarcinoma lesions with tubular
pattern were contiguous to the hepatocellular carcinoma
lesions with a trabecular or solid pattern and which
shares hepatocellular carcinoma and cholangiocarcino-
ma transitional features. 3) Hepatocellular carcinoma
and cholangiocarcinoma are almost indistinguishable,
the tumor could be interpreted as either intrahepatic
cholangiocarcinoma or poorly differentiated hepatocel-
lular carcinoma, and these were therefore considered as
an intermediate type between hepatocellular carcinoma
and intrahepatic cholangiocarcinoma cases.

Combined hepatocellular and cholangiocarcinoma is
relatively infrequent, and its clinicopathological features
are still obscure. In this study, we investigated the clini-
copathological features of 18 surgically resected com-
bined hepatocellular and cholangiocarcinoma classified
into Allen type 2 and 3. Also, we evaluated the prolifera-
tive activity using the immunostaining of Ki-67 between
the hepatocellular carcinoma component and cholangio-

carcinoma component.

METHODOLOGY

Among 1102 consecutive cases of primary liver can-
cers surgically resected at Osaka City University Hospi-
tal and Osaka University Hospital, between January
1986 and December 2000, 18 cases were combined hepa-
tocellular and cholangiocarcinoma, 1036 cases were
hepatocellular carcinoma, 45 cases were intrahepatic
cholangiocarcinoma. The 18 cases of combined hepato-
cellular and cholangiocarcinoma were examined in this
study. The resected liver specimens were fixed in 10%
neutralized buffered formalin immediately after hepate-
ctomy, cut into slices, embedded in paraffin, prepared
into 4-pm sections and were routinely stained with
hematoxylin-eosin, diastase digested periodic acid-Schiff
(PAS), and alcian blue. In addition, all 18 cases were
immunohistochemically examined for cytokeratin 7
(OV-TL 12/30, DAKO, Glostrup, Denmark), cytokeratin
19 (RCK108, DAKO, Glostrup, Denmark), alpha feto-
protein (rabbit polyclonal antibody, DAKO, Glostrup,
Denmark), fibrinogen (rabbit polyclonal antibody,
DAKO, Glostrup, Denmark), p53 (DO-7, DAKO,
Glostrup, Denmark), and Ki-67 antigen (rabbit poly-
clonal antibody, DAKO, Glostrup, Denmark). Methods
of immunohistochemistry, other than Ki-67, were the
labeled streptoavidin-bictin method. The method of
immunchistochemistry of Ki-67 was the enhanced poly-
mer one-step staining method.

We identified the hepatocellular carcinoma compo-
nent based on the following criteria. 1) The trabecular
structure surrounded by sinusoid-like vessels. 2)
Eosinophilic granularity of the cytoplasm. 3) Bile pro-
duction. In some cases the immunohistochemical stain-
ing of alpha-fetoprotein or fibrinogen was required to
help in recognizing the hepatocellular carcinoma com-
ponent. On the other hand, the cholangiocarcinoma

FIGURE 1

+1 The microscopic finding of a combined
hepatoceldar and cholangiocarcinoma. The
upper side of the figure shows the
hepatocelular carcinoma component of the
combined hepatoceliutar and cholangio-

@ carcinoma. it shows the trabecudar

>33 structure surrounded by sinusoid-fike

vessels, and the eosinophilic granularity of the
cytoplasm. The lower side of the figure shows

25| the ciolangiccarcinoma component. Tumer

basophilic cytoplasm (HE).

cells are cuboidal or columnar, and have rather
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component. The Ki-67 labeling index was 6.7% in this area. (B) The area of a cholangio-

carcinoma component. The Ki-67 labeling index was 13.5% in this area.

component was defined as follows: 1) Tumor cells were
cuboidal or columnar, and had rather basophilic cyto-
plasm. 2) The nuclei were rather oval or spindle shaped
3) Tumor cells were positive in either alcian blue stain or
diastase digested PAS stain (Figure 1).

For the assessment of the Ki-67 labeling index in
each case, the sections were counted at high power mag-
nifications; 1000 or more nuclei were counted in the
hepatocellular carcinoma components and cholangiocar-
cinoma components, and the number of cells showing
positive nuclear staining, regardless of staining intensi-
ty, was recorded (Figure 2). Two independent
observers without prior knowledge evaluated the Ki-67
labeling index. Necrotic areas were not included in the
counting. For comparison with the combined hepatocel-
halar and cholangiocarcinoma, 11 cases of moderately
differentiated hepatocellular carcinoma and 8 cases of
intrahepatic cholangiocarcinoma were also stained with
Ki-67 and counted for the number of cells showing posi-
tive nuclear staining in the same way.

The clinical backgrounds regarding the average age,
male; female ratio, hepatitis B surface antigen (HBsAg)
and hepatitis C virus antibody (HCVAD) positivity,
alpha-fetoprotein level, and the presence of chronic liver
diseases were analyzed. Disease-free survival was mea-
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sured from the date of hepatic resection to the date
when recurrent disease was diagnosed or absence of
detectable tumor, to the date of death or the date of last
follow-up.

The Student’s ftest was used for the statistical
analysis of categorical data. A level of P<0.05 was con-
sidered statistically significant.

RESULTS
Clinical Features and Prognosis

Of 1102 patients with primary liver cancers, 1036
(94.0%) patients had hepatocellular carcinoma, 45

CEA CA19 9

AFP PIVKAII
Case Age Sex (ng/mL) (AUmL) (ng/ml) (U/mL) HBsAg HCV

1 56 M 8.5 1.18 5.1 356 +
2 61 F 526.5 0.07 24 23 - +
3 66 F 49.1 NA 11.8 NA - +
4 30 M - 1300 0.09 NA NA -
5 61 M 13.6 0.06> NA NA - +
6 58 M 3.9 0.06> NA NA - -
i 41 M 5 NA NA NA - -
8 56 M 5 NA 20 NA - -
9 57 M 5 4.037 4.3 26 - -
10 47 F 5 0.0625 14 504 =
11 65 M 6 NA 15.6 NA - NA
12 64 M 6 NA NA NA - NA
13 61 M 117 359 27 50 - -
14 52 M 5 69 13 NA -
15 74 M 3297 9408 3 37 - -
16 58 M 6 71 5 NA - +
17 72 _F 1190 1321 NA NA - +
18 689 M 75 25 4.5 NA - +

and Chnlangmnarnmom:_.. ot

Ki-67

Non- Predominant
tumor  part of Type of Diameter Labeling Index

Case liver tumor arrangement (cm) HCC (%) CC (%)
1 CH HCC 3 9 2.79 7.2
2 CH HCC 3 5.7 3.7 9.77
3 Cirrhosis CC 2 - 3 12.66 3.79
4 NL HCC 2 3.8 1.61 1.58
5 CH CcC 3 5 2.38 9.95
6 NL HCC 1 17 7.66 34.07
7 NL UNDIF 2 6.5 NA NA
8 Cirrhosis cCc 3 2.4 2.1 7.23
9 CH HCC 2 5 0.85 12.15
10 CH cC 1 5.6 NA NA
11 NL CC 1 12.5 2.98 5.99
12 Cirrhosis  HCC 1 6.8 1.07 2.71
13 NL UNDIF 2 9 5.61 5.61
14 CH CC 3 6.9 2.717 4.6
15 CH HCC 1 6.8 NA NA
16 CH HCC 3 43 NA NA
17 Cirrhosis  HCC 1 3.7 8.9 15.71
18 Cirrhosis CcC 1 3.1 6.72 13.5

NA: not available; CH: chronic hepatitis; HCC: part of hepatocellular
carcinoma; CC: part of cholangiocarcinoma; UNDIF: part of
undifferentiated carcinoma; NL: normal liver.
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(4.0%) had intrahepatic cholangiocarcinoma, 3 (0.3%)
had both hepatocellular carcinoma and intrahepatic
cholangiocarcinoma independently, and 18 (1.6%) had
combined hepatocellular and cholangiocarcinoma. The
average patient age was 61.0 years for hepatocellular
carcinoma, 60.8 years for intrahepatic cholangiocarcino-
ma, 62.3 years for collision type hepatocellular carcino-

. ma and intrahepatic cholangiocarcinoma, and 58.2 years

for combined hepatocellular and cholangiocarcinoma.

Clinicopathological findings of the 18 cases are sum-
marized in Table 1. The male to female ratio was 5.2:1
for hepatocellular carcinoma, 2.5:1 for intrahepatic
cholangiocarcinoma, all three were male for collision
type hepatocellular carcinoma and intrahepatic cholan-
giocarcinoma, and 3.5:1 for combined hepatocellular and
cholangiocarcinoma.

Among 18 cases of combined hepatocellular and
cholangiocarcinoma, the serum alpha-fetoprotein (AFP)
levels were found to be abnormally high (>20ng/mL) in
7 (38.9%). The serum protein induced by vitamin K
absence or antagonist-II (PIVKA-TI) levels were exam-
ined in 13 patients, and 8 (61.5%) were abnormal
(0.1>AU/mL). The serum carcinoembryonic antigen
(CEA) levels were examined in 12 patients and 11
(91.7%) were abnormal (>2.4ng/mL). The serum carbo-
hydrate antigen (CA19-9) levels were examined in 6
patients, and 4 (67%) were abnormally high (normal
ranges <37 UimL).

Hepatitis B virus surface antigen (HBsAg) was posi-
tive in 4 (22.2%) out of 18 cases. Hepatitis C virus anti-
body (HCVAD) was positive in 7 (43.8 %) out of 16 cases
examined. Both HBsAg and HCVADb were positive in 1
(6.3%) and both were negative in 6 (37.5%) out of 16
cases examined. Hepatitis B virus antigen was positive
in 174 (18.5%) cases out of 940 cases of hepatocellular
carcinoma and 3 (6.5%) cases out of 46 cases in intra-
hepatic cholangiocarcinoma. HCVAD was positive in 551
(68.3%) cases out of 807 cases in hepatocellular carcino-

" ma and 8 (19.5%) cases out of 41 cases in intrahepatic

cholangiocarcinoma.

Fourteen cases of combined hepatocellular and
cholangiocarcinoma were followed after hepatic resec-
tions. The 1- and 3-year survival rates after operatlon
were 73.3% and 33.3%, respectively.

At the time of hepatectomy, regional lymphadenec-
tomy was done in 4 cases and metastatic-tumors in the
lymph node were found in 2 cases, in which the metasta-
tic tumors were intrahepatic cholangiocarcinoma.
Recurrence was found in 9 cases, in which 6 cases
revealed recurrent tumors in the liver, but we could not
perform a pathological examination in all 6 cases. The
laboratory data suggested that the recurrent tumors
were intrahepatic cholangiocarcinoma in 2 cases, hepa-
tocellular carcinoma in 2 cases, and unknown in the
remaining 2 cases. Distant metastasis was found in 4
cases (Lung; 2 cases, paraaortic lymph node; 1 case,
bone; 2 case, skin; 1 case).

Gross Findings
Ten cases were the hepatocellular carcinoma pre-
dominant type, which resembled hepatocellular carcino-
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FIGURE 3A

Low power view of type
[I1. The tumor exhibits
lobular structures
mimicking hepatic lobular
structure (HE).

FIGURE 38

High power view of type
IIt. In the central area of
the lobular structures
hepatocellular carcinoma
components exist and in
the periphery cholangio-
carcinoma components
exist (HE).

ma with a greenish or yellowish color, and were associ-
ated with varying degrees of hemorrhage or necrosis and
the tumors had demarcated fibrous capsules. The
remaining 8 cases were the cholangiocarcinoma pre-
dominant type, which resembled intrahepatic cholangio-
carcinoma and was gray in color with irregular margins.
The largest diameter of the tumors ranged from 2.4 to
17cm (average: 6.5+3.6cm).

Histopathological Findings ,

Histopathological findings of the 18 combined hepa-
tocellular carcinoma are summarized in Table 2.
Among the 18 combined hepatocellular and cholangio-
carcinomas, 5 cases (27.8%) were associated with liver
cirrhosis, and 8 cases (44.4%) were associated with
chronic hepatitis. In the remaining 5 cases (27.8%),
there was no significant change in non-tumorous liver,
in which 1 case was healthy carrier of HBV.

The histological type of the hepatocellular carcinoma
component was trabecular type in 15 cases, scirrhous
type in one case, compact type in one case, and pseudog-
landular type in one case. Differentiation of the hepato-
cellular components was well-differentiated type in 1
case, moderately differentiated type in 6 cases, and poor-
ly differentiated type in 11 cases.

The cholangiocarcinoma components were well to

moderately differentiated tubular adenocarcinoma.
Nine (50%) cases were predominantly hepatocellular
carcinoma, and 7 (39%) were predominantly cholangio-
carcinoma. The remaining 2 (11%) cases were predomi-
nantly undifferentiated type. In all cases the areas show-
ing a glandular pattern were depicted as positive in
either alcian blue stain or diastase digested PAS stain.

Microscopically, we classified the tumors into the fol-
lowing three categories according to the arrangement of
the hepatocellular carcinoma and cholangiocarcinoma
components. Type I was the tumor in which hepatocel-
lular carcinoma and cholangiocarcinoma formed nod-
ules that could easily be distinguished from each other.
Seven cases were classified into type I Type II was the
tumor in which the both components were finely mixed,
so that the two components were almost indistinguish-
able. Five cases were classified into type II. Type II was
the tumor in which the tumors had lobular structures
with hepatocellular carcinoma existing centrally and
cholangiccarcinomas existing peripherally (Figure 3A,
3B). Six cases were classified into type II.

In one case of type I, two nodules were presented and
surgically resected. In this case, one nodule was hepato-
cellular carcinoma and the other was combined hepato-

FIGURE 4A

The macroscopic
finding of a combined
hepatocellular and
cholangiocarcinoma in
“nodutes-in-nodutes”
fashion. A well-
differentiated
hepatocellular
carcinoma (arrows)
3.1cm in the maximal
diameter contains a
cholangiocarcinoma
(arrow heads) 1.8cm in
the maximal diameter.

FIGURE 4B

The microscopic finding
of Figure 3B. In the
lower area a cholangio-
carcinoma component
exists in a well-
differentiated
hepatoceliular
carcinoma component
(arrows) in “nodules-in-
nodules” fashion.

The hepatocellular
carcinoma component
shows clear cell change
(HE).
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