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Hypothesis: The clinical significance of hepatectomy
for hepatocellular carcinoma (HCC) is still controver-
sial because of frequent intrahepatic recurrence, which
results from either recurrence due to residual intrahe-
patic metastasis (Rim) or recurrence due to metachro-
nous, multicentric liver carcinogenesis (Rmc).

Design:Retrospective review. Disease-free survival curves
were obtained by the Kaplan-Meier method and the rates
of Rim and Rmc were analyzed using 2 regression lines,
based on the evidence that Rmc occurs at a constant rate
throughout follow-up, whereas Rim occurs only in the
early postoperative period.

Setting: University hospital.

Patients: From 1980 to 1996, 241 patients with HCC
who underwent curative hepatic resection.

Main Outcome Measure: Intrahepatic recurrence.

Results: Disease-free survival curves for all patients in
the early (within 2 years) and late (4 years after surgery)
follow-up were approximated by 2 regression lines, which
represent both Rim and Rmc (Y1 = −3.4X + 48) and only
Rmc (Y2 = −23.1X + 98). Using this approximation, the
annual incidence of Rim within 2 years (a1 − a2) was cal-
culated as 19.7% and that of Rmc (a2) was 3.4%. The ra-
tio of Rim in tumor recurrence (b1 − b2) was 50%, and
that of Rmc (b1) was 48%. The ratios of Rmc in patients
with stages I and II HCC were 60% and 64%, respec-
tively. In contrast, the values could not be calculated in
patients with stages III and IVA because all but 2 pa-
tients showed recurrence within 4 years after surgery.

Conclusion:Tumor recurrence is estimated to result from
metachronous liver carcinogenesis in 48% of hepatecto-
mized patients with HCC.
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P OSTOPERATIVE tumor recur-
rence in hepatocellular car-
cinoma (HCC) results from
2 different processes—the
growth of undetectable, in-

trahepatic metastasis and metachronous,
multicentric carcinogenesis. Several stud-
ies have examined the possible histologic1,2

andgenetic3-7 differentialdiagnosesof these
lesions, but this is still impossible at pre-
sent.Recentstudiesof the incidenceofHCC
in patients with viral hepatitis suggest that
the involvementofmulticentriccarcinogen-
esis in tumor recurrence may be more fre-
quent thanpreviously thought,particularly
in those associated with liver cirrhosis.8-12

In addition, the postoperative recurrence is
frequent and the 5-year survival rate ranges
from 31% to 53%.13-17 Because of these pat-
terns, the clinical significance of hepatic
resection for HCC is still controversial,18,19

although it has been the mainstay of treat-
ment.20,21 Theoretically, recurrence due to
residual intrahepatic metastasis (Rim) is

likely to appear soon after surgery and its
risk decreases with prolongation of the post-
operative period. In contrast, recurrence due
to multicentric liver carcinogenesis (Rmc)
is considered to occur at a constant rate
throughout the observation period, which
varies with the severity of liver disease and
type of hepatitis viruses.8-12

Based on these different patterns of tu-
mor recurrence, we estimated in the pres-
ent study the incidence of both events in pa-
tients with resectable HCC, by analyzing the
postoperative disease-free survival.

RESULTS

Disease-free survival curves for all pa-
tients appeared to consist of 2 phases
(Figure 1). The late phase (.4 years af-
ter surgery) was almost linear and could
be approximated by the regression line Y2

(%) = −a2X (year) + b2, where a2 = 3.4 and
b2 = 48. This regression line is consid-
ered to reflect Rmc because of its con-
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stant recurrence rate in the late observation period (from
4 to 10 years). Since Rmc is considered to occur at any
time during the observation period, this regression line
was extended to the ordinate and b2, which represents
the intercept of the regression line of Rmc. On the other
hand, the disease-free survival curve in the early phase
(within 4 years after surgery) reflects both Rim and Rmc.
Therefore, the area between the disease-free survival curve
and Y2 is considered to correspond to Rim, which de-
creased in a time-related manner and became almost neg-
ligible at 4 years. In particular, the initial observation pe-
riod (within 2 years after surgery) was almost linear, and
could be approximated by another regression line (Y1=
−a1X+ b1, where a1 = 23.1, and b1 = 98). Based on these
data, the annual rate of Rim (a1 − a2, within 2 years) was
estimated to be 19.7% and that of Rmc (a2) was 3.4%.
The ratios of Rim (b1 − b2) and Rmc (b2) were 50% and
48%, respectively.

When patients were stratified into 4 groups accord-
ing to UICC staging criteria, regression lines similar to
those of Y1 and Y2 were obtained in patients with stages
I and II HCC (Figure 2). The annual rates of Rim in
stages I and II were 19.0% and 15.7%, and those of Rmc
were 3.4% and 5.3%, respectively. The ratios of Rmc in
these stages were 60% and 64%. For patients in stages
III and IVA, the regression line of Y2 (Rmc) was not ob-
tained because only 2 patients survived without recur-

rence for more than 4 years after surgery, and thereby
the values of Rmc (a2, b2) could not be obtained. The an-
nual recurrence rates of the initial phase (Y1: Rim + Rmc)
in stages III and IVA were 38% and 24%, respectively (Fig-
ure 2). Since the annual rate of Rmc in patients with stage
I or II HCC was not less than that of all patients, that of
stages III and IVA was considered less than 3.4%. Fur-
thermore, since almost all patients with stages III and IVA
HCC showed recurrence within 4 years, the ratio of Rmc
in these patients was estimated to be at most 13.6% (3.4%
per year 3 4 years), and that of Rim was at least 86.4%.

The activity of hepatitis appeared to influence the risk
of Rmc, as shown in Figure 3. The annual incidence of
Rmc in patients with moderate to severe hepatitis (a2 =
5.2%) was about 2-fold greater than that in patients with
no or mild hepatitis (a2 = 2.7%). The ratio of Rmc in pa-
tients with active hepatitis was 54%, and 11 percentage
points higher than that in those with no or mild hepatitis
(Figure 3). In contrast, the presence of liver cirrhosis did
not appear to affect the annual incidence of Rmc (3.7%),
although the ratio of Rim in patients with liver cirrhosis
(55%) was 10 percentage points higher than that in pa-
tients without cirrhosis (45%), as shown in Figure 4.

COMMENT

Differential diagnosis between intrahepatic metastasis and
multicentric carcinogenesis has been one of the major
concerns in the treatment of HCC.1-8 It is particularly im-
portant from the surgical point of view because Rmc sug-
gests that tumor(s) was completely resected and there-
fore surgery was successful. In contrast, Rim implies
unsuccessful surgery because undetectable metastatic tu-
mors remained unresected. In addition to the histologic
criteria,1,2 several genetic approaches such as hepatitis B
virus (HBV) DNA integration pattern,5,24-26 loss of het-
erozygosity of chromosome 16,3 the p53 mutation pat-
tern,4,6,7,27 and DNA fingerprint analysis28 have been used
for this purpose. These methods are considered to be more
precise and sensitive than the conventional histologic
method. However, a definite differential diagnosis is still
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Figure 1. Determination of incidence of recurrence due to residual
intrahepatic metastasis (Rim) and recurrence due to multicentric liver
carcinogenesis (Rmc) by analyzing disease-free survival in all patients who
underwent curative hepatic resection (n=241). Disease-free survival curve in
the early (within 2 years after surgery) and late (.4 years) phases was
almost linear and could be approximated by the regression lines (Y1 and Y2).
Y1 represents Rim and Rmc; Y2 reflects Rmc only.

PATIENTS AND METHODS

We studied 241 patients who underwent curative he-
patic resection for HCC between 1980 and 1996. Forty-
nine patients had stage I, 117 had stage II, 52 had stage
III, and 23 had stage IVA disease according to the Union
Internationale Contre le Cancer (UICC) classifica-
tion.22 Histopathologic examination revealed that there
were 157 cirrhotic and 84 noncirrhotic patients. Mod-
erate to severe hepatitis was noted in 55 patients and
mild or no hepatitis was seen in 186 patients. With
respect to hepatitis viral infection, 56 patients were posi-
tive for hepatitis B surface antigen and 185 were nega-
tive. Eighty-one patients were positive for hepatitis C
virus (HCV) antibody and 41 were negative. As the
assay kit was unavailable before 1991, the HCV anti-
body status could not be determined in the remain-
ing 119 patients. Patients were followed up for tumor
recurrence in the liver at our outpatient clinic or as-
sociated hospitals at least every 3 months by identifi-
cation of tumor markers (a-fetoprotein or des-g car-
boxy prothrombin) or by imaging modalities such as
ultrasonography, abdominal computed tomography,
and magnetic resonance imaging. The onset of tumor
recurrence was designated as the time when the tu-
mor was detected by one of these imaging tech-
niques. Tumor recurrence was confirmed by surgical
resection or hepatic angiography. Disease-free sur-
vival rate was calculated by the Kaplan-Meier method23

and the regression lines for tumor recurrence were il-
lustrated with the SAS statistical program (SAS Insti-
tute, Cary, NC).
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impossible because of clonal divergence during the pro-
gression of tumors.29,30 In this study, we took a different
approach, ie, analysis of disease-free survival curves by
approximation of 2 regression lines (Y1, Rim and Rmc; Y2,
Rmc), and determined the incidence of these events in pa-
tients who had hepatectomy. The analysis is based on the

evidence that Rim is an early postoperative event, the risk
of which decreases exponentially with prolongation of the
postoperative period, whereas Rmc, the development of
HCC from chronic hepatitis or liver cirrhosis, occurs at a
constant rate even in the late observation period. This con-
stant decrease of disease-free survival in the second phase
(Y2, Rmc) is not usually observed in hepatectomized pa-
tients with liver metastasis.31-34

Postoperative tumor recurrence was theoretically es-
timated to result from multicentric liver carcinogenesis in
48% of all the hepatectomized patients with HCC (Fig-
ure 1). This indicates that complete resection of the tu-
mor, ie, “true” curative surgery, was performed in about
half of the patients. On the other hand, Rim was consid-
ered to occur within 4 years in the remaining half of pa-
tients. In patients with stages I and II HCC, Rmc was more
frequent than Rim in contrast to the general idea of post-
operative tumor recurrence in HCC. However, the an-
nual rate of Rim in the first 2 postoperative years (19.0%
and 15.7%) was marked and was about 3 to 6 times higher
than that of Rmc (3.4% and 5.3%). Therefore, not only pre-
vention of liver carcinogenesis but also adjuvant therapy
such as arterial infusion chemotherapy35 may be indi-
cated during this period. In contrast, for patients surviv-
ing without tumor recurrence for more than 4 years, care
should be taken only for the underlying viral hepatitis to
preventmulticentric liver carcinogenesis.Ontheotherhand,
in patients with stages III and IVA HCC, almost all tumor
recurrences developed within 4 years irrespective of re-
currence type. Therefore, postoperative adjuvant therapy
and close follow-up are mandatory in these patients.

The present study also provides information about the
risk of liver carcinogenesis in surgical patients with HCC.
As described above, the annual incidence of Rmc was
3.4% in all patients. It was about 2-fold more frequent in
patients with moderate to severe hepatitis (5.2%) than in
those with no or mild hepatitis (2.7%) (Figure 3). Vari-
ous follow-up studies on patients with chronic hepatitis
or liver cirrhosis also showed similar annual incidence
rates of HCC (1.4%-7.0%),8-12,36 depending on the sever-
ity of hepatitis and the presence of liver cirrhosis. In
contrast to these studies, the presence of liver cirrhosis
did not influence the occurrence of Rmc in this study
(Figure 4). This is partly because liver cirrhosis is gener-
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Figure 2. Incidence of recurrence due to residual intrahepatic metastasis (Rim) and recurrence due to multicentric liver carcinogenesis (Rmc) in patients with
stages I and II (A) and stages III and IVA (B) hepatocellular carcinoma. Y1 represents Rim and Rmc; Y2 reflects Rmc only.
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ally mild (mostly Child class A) in these hepatectomized
patients. Recent studies by Kasahara et al36 also demon-
strated that portal inflammation or response to inter-
feron treatment, but not liver cirrhosis, correlated sig-
nificantly to HCC development. Therefore, if associated
hepatitis is considered to be active, interferon therapy
may be indicated even in hepatectomized patients to
prevent the postoperative liver carcinogenesis. Based on
these findings, the following approaches perhaps should
be followed for the prevention of postoperative recur-
rence of HCC, taking tumor staging and the underlining
liver disease into account: (1) complete resection of
tumor(s) (in all surgical patients), (2) postoperative
treatment of viral hepatitis to prevent metachronous
liver carcinogenesis (particularly in patients with stage I
or II HCC with active hepatitis), and (3) the use of anti-
cancer therapy for undetectable residual tumors (in
patients with stage III or IVA HCC).

The effectiveness of treatment modalities (eg, surgi-
cal methods) or prognostic factors for HCC has usually
been evaluated by the postoperative disease-free survival.
However, this study demonstrated that the involvement
of liver carcinogenesis in tumor recurrence was frequent.
It was particularly evident in patients with stage I and II
HCC because the incidence of Rmc was more than that of
Rim (60% and 64%). These findings imply that all evi-
dence of the curability of surgical methods obtained by
the disease-free survival might be incorrect and thereby
needs to be strictly reevaluated in the future.

Development of HCC is generally more frequent in
patients with HCV infection than in those with HBV in-
fection. Ikeda et al8 demonstrated that the incidence of HCC
did not increase after the late follow-up period (more than
8.5 years after surgery) in patients with HBV infection, while
it continuously increased in those with HCV infection.
Therefore, the present results may reflect the predomi-
nance of HCV infection in our patient population. In ad-
dition, the ratios of Rim and Rmc may differ between pa-
tients with HBV infection and those with HCV infection.
However, we could not investigate these issues due to the
insufficient number of patients since the determination of
HCV antibody started in late 1991 in our hospital. This is
an interesting subject and is now under investigation.

In conclusion, postoperative recurrence of HCC re-
sulted from metachronous, multicentric liver carcino-
genesis in about half of hepatectomized patients. To pre-
vent tumor recurrence, treatment of the underlying
hepatitis and adjuvant therapy should be considered in
individual cases, taking into account tumor staging and
activity of hepatitis.
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