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Abstract

Background Radical major hepatectomy (RMH) has been
suggested as one of main options for cure of large/ad-
vanced hepatocellular carcinoma (HCC). However, its
operative risk remains high and its effectiveness is still
controversial, especially for patients with liver cirrhosis.
The present study aims to investigate short- and long-term
outcomes and to identify prognostic factors for cirrhotic
patients with HCC after RMH.

Materials and Methods Prospectively collected clinico-
pathological data of 81consecutive cirrhotic HCC patients
who underwent RMH were reviewed retrospectively. The
Kaplan-Meier method was adopted for evaluating long-
term survival. Prognostic factors were identified by uni-
variate and multivariate analyses.

Results After RMH, perioperative mortality, overall
morbidity, and life-threatening morbidity were 1.2%,
24.7%, and 12.3%, respectively. Overall and disease-free
5-year survival rates were 39.4% and 28.1%, respectively.
Univariate analysis showed that presence of portal vein
tumor thrombosis (PVTT) and satellite nodules, late TNM
staging, high Edmondson-Steiner grading, and blood
transfusion was associated with worsened prognosis. Of
them, Edmondson-Steiner grading was identified as the
sole independent prognostic factor for both overall and
disease-free survival by multivariate analysis, whereas
blood transfusion and the presence of PVTT independently
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predicted unfavorable overall or disease-free survival,
respectively.

Conclusions These data indicated that RMH was safe and
appeared to be effective in treating cirrhotic patients with
HCC. Some tumor-related and clinical variables influenced
long-term outcome of these patients after RMH.

It is well known that hepatocellular carcinoma (HCC) has
been one of the most common and highest mortality can-
cers worldwide [1]. Hepatic resection, as the main curative
option for treating this malignancy, has achieved highly
satisfactory outcomes according to recent reports [2—4],
especially for patients with small tumors [3]. However, a
significant proportion of HCC patients have large tumors or
multiple nodules and therefore need larger-volume hepatic
resections to achieve this radical expectation. Major hep-
atectomy (MH) was virtually the only choice of radical
therapies suitable for treatment of these HCCs. In fact, it
has been reported that 76% of large HCCs require MH [5].
Nevertheless, disagreement still existed. First, different
approaches to evaluating MH have been indicated by dif-
ferent authors [6, 7]; these different criteria for case
selection might be part of the reason for the difference.
Also, it is particularly important to note that two different
definitions of MH (removal of at least 2 or 3 Couinaud
segments [8)] have been applied in published articles [9,
10]. Second, surgery-related risk, often presented as peri-
operative morbidity and mortality rates, remains high,
especially for patients with liver cirrhosis [10, 11].

Thus far, investigations designed to evaluate the role of
MH in the treatment of HCC, and to define prognostic
factors after MH, have not been adequate to the task [6, 7,
9-11]. Furthermore, these studies have not focused on
cirrhotic patients with HCC after radical major hepatec-
tomy (RMH), under a more extensive definition. Previ-
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ously, we have discussed prognosis evaluation in some
subgroups of liver cancer patients [12—14]. In the present
study, we aim to clarify safety, effectiveness, and prog-
nostic factors of RMH (removing at least 3 Couinaud
segments, according to the recent consensus classification
[15)] for cirrhotic patients with HCC.

Materials and Methods
Patients

From January 1995 to December 2002, we performed
radical major hepatectomy (RMH) in 81 consecutive cir-
rhotic patients with HCC. As noted above, major hepa-
tectomy was defined according to the consensus
classification as removing at least three Couinaud seg-
ments. Radical hepatectomy was defined by the absence of
remnant lesions immediately after surgery. Of our 81 pa-
tients, 76 (93.8%) were men and 5 (6.2%) were women.
Ages ranged from 24 to 76 years (mean + SD, 54.3 + 11.0
years). Hepatitis B surface antigen (HBsAg) was positive
in 72 patients (88.9%) and negative in 9 (11.1%). Seventy-
five patients (92.6%) were preoperatively classified as
grade A and 6 (7.4%) as grade B according to the Child-
Pugh. A serum o-fetoprotein (AFP) level higher than 400
ng/ml was found in 45 patients (55.6%). Tumor sizes, de-
fined as the largest dimension for solitary masses and the
sum of the largest dimension of each mass for multiple
masses, ranged from 4 to 30 cm (mean + SD, 9.9 + 4.5 cm).
There were 73 patients (90.1%) with solitary tumors and 8
(9.9%) with multiple tumors. Sixty-six patients (81.5%)
had tumors at least 5 cm in size. TNM staging [16] re-
vealed that there were 18 patients in stage II, 41 in stage
III, and 22 in stage IV 5. Fourteen patients (17.3%) devel-
oped portal vein tumor thrombosis (PVTT), which was
defined as macroscopic thrombi located in the main bran-
ches. Macroscopic satellite nodules were found in 10 pa-
tients (12.3%). Histological grading, according to
Edmondson-Steiner criteria [17], showed that patients with
grades I, II, III and IV numbered 10 (12.3%), 27 (33.3%),
30 (37.0%), and 14 (17.4%), respectively.

Preoperative evaluation and surgical procedures

The status of tumor masses was detected chiefly by image
examinations, including B-type ultrasonography (B-US),
computed tomography (CT), magnetic resonance imaging
(MRI), and angiography. Liver function reserve was eval-
uated based on routine biochemical and coagulation tests,
supplemented by the indocyanine green (ICG) test.

The procedures included right trisectionectomy in 16
patients, left trisectionectomy in 2, extended right hepa-

tectomy in 10, extended left hepatectomy in 1, central
hepatectomy in 2, right hepatectomy in 25, left hepatec-
tomy in 11, combined resection of 3 Couinaud segments in
14. A cavitron ultrasonic surgical aspirator (CUSA system
200 Sonia Technology, Inc. Cheshire, CT, USA) was
adopted for dissecting hepatic parenchyma. Intraoperative
ultrasonography was used for ensuring negative margins, if
necessary. All procedures were performed under normo-
thermic continuous interruption of the porta hepatis. This
interruption lasted 10-35 min (mean = SD, 20.6 £ 5.9 min).
Operating time ranged from 115 to 345 min (mean + SD,
221 %+ 51 min), and blood loss ranged from 300 to 2,600 ml
(mean = SD, 871 + 547 ml). The amounts of blood trans-
fusion ranged from O to 2,000 ml (mean + SD, 625 + 463
ml), and 35 patients (43.2%) did not require homologous
blood transfusion during RMH.

Follow-up

Eighty patients (excluding one patient who died perioper-
atively) were involved in our follow-up system and they
were reviewed at different time intervals. In the immediate
postoperative period, patients were reviewed every 1-2
months. Beyond the first 2 months, survivors were re-
viewed at intervals from 3 to 6 months. All patients
underwent at least one follow-up review. Thirty-nine pa-
tients censored during follow-up. Follow-up ended in
December 2003, with terms ranging from 3 to 108 months.
Serum AFP level, B-US, CT, MRI, and angiography were
used as monitors of intrahepatic recurrence and distant
metastasis postoperatively. If recurrence and metastasis
occurred, transcatheter arterial chemoembolization
(TACE), local therapies, and biological therapy were
adopted for management.

Statistical analysis

Overall or disease-free survival was analyzed by the
Kaplan-Meier method, and differences were verified by the
log rank test. Cox regression (proportional hazard model)
was adopted for multivariate analysis of prognostic pre-
dictors. The statistical software package SPSS11.5 (SPSS
Inc, Chicago, IL) was employed in all analyses. A statis-
tically significant p value was defined as < 0.05.

Results
Perioperative morbidity and mortality rates after RMH
Ten patients developed life-threatening complications after

RMH, including secondary peritoneal bleeding in 5 pa-
tients, hepatic insufficiency in 2, biliary fistula in 2, and
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hemorrhage of the upper digestive tract in 1. Life-threat-
ening morbidity rate was 12.3% (10/81). Six patients (all
with secondary peritoneal hemorrhage and 1 with biliary
fistula) and 3 patients (1 with hepatic insufficiency, 1 with
biliary fistula, and 1 with hemorrhage of the upper diges-
tive tract caused by stress ulcer of the stomach) recovered
after reoperation or conservative treatment, respectively. In
addition, pleural effusion and ascites without hepatic
insufficiency were observed in 4 and 6 patients, respec-
tively. These complications were managed successfully
with conservative treatments. The overall morbidity rate
was 24.7% (20/81 patients).

There were no operative deaths, but 1 patient died of
hepatic failure perioperatively. The perioperative mortality
rate was therefore 1.2% (1/81 patients).

Long-term survival of HCC patients after RMH

With the exception of the one patient who died, the post-
operative overall survival at 1, 3, and 5 years was 77.7%,
47.3%, and 39.4% (median + SE, 26 = 9 [95% CI, 8-44]
months), respectively. Correspondingly, the 1-, 3-, and 5-
year disease-free survival rates were 62.9%, 33.2%, and
28.1% (17 = 3 [95% CI, 11-23] months), respectively

(Fig. 1).
Prognostic factors of HCC patients after RMH

Five clinicopathological variables were shown by univari-
ate analysis as potential prognostic indicators of both
overall and disease-free survival of cirrhotic HCC patients
after RMH, including the presence of PVTT and satellite
nodules, TNM staging, Edmondson-Steiner grading, and
blood transfusion (p < 0.05; Table 1). After evaluating the
aforementioned significant factors in the Cox regression
system, Edmondson-Steiner grading was the sole inde-
pendent indicator for both overall and disease-free survival.
In addition, blood transfusion independently predicted
overall survival, and presence of PVTT independently
predicted disease-free survival (p < 0.05; Table 2).

Discussion

For HCC, one of the most prevalent and deadly malig-
nancies around the world, hepatectomy has been proven as
the first choice for radical treatment. In recent years there
have been many clinical investigations concerning im-
proved prognosis of HCC patients after hepatectomy [2—4].
At the same time, with advances in operative techniques
and instruments, the risk of hepatic surgery, mainly ex-
pressed as mortality and morbidity rates, has markedly
decreased. For instance, the mortality rate associated with
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Fig. 1 Survival of cirrhotic patients with hepatocellular carcinoma
(HCCQ) after radical major hepatectomy (RMH). A. Overall survival.
B. Disease-free survival

major hepatectomy (MH) has gradually decreased from a
level higher than 20% in a period of about 2 decades [18,
19]. Nevertheless, the procedure held many risk factors
such as large removed volume, significant blood loss
leading to homologous blood transfusion, and insufficient
liver function reserve. Recent reports have shown that the
mortality rate of MH was as high as 5% [8, 9, 20], with the
lowest value of 2.9% in a series of MH under a limited
definition (removing at least 2 segments) [21]. At the same
time, associated morbidity was still around 40% according
to some recent papers [9, 20]. Therefore, MH might be
risky, especially for patients with liver cirrhosis.

In a period of 8 years, we successfully performed RMH
in 81 cirrhotic HCC patients, with a low mortality rate of
1.2% and morbidity rate of 24.7%, indicating that the
procedure could be safely carried out. We discussed two
pivotal techniques that might contribute to this satisfactory
perioperative outcome. The first was normothermic con-
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Table 1 Predictors for overall

and disease-free survival of Variables N  Overall survival Disease-free survival
cirrhotic patients with Median = SE 95% CI P Value Median = SE 95% CI P Value
hepatocellular carcinoma
(HCC) after radical major Age 0.617 0.651
hepatectomy (RMH) > 65 years 16 28+ 13-43 153 9-21
< 65 years 64 26+ 10-42 17+ 4 9-25
Gender 0.506 0.392
Male 75 26+ 9-43 19+3 12-26
Female 5 408 25-55 13+0 12-14
HBsAg 0.590 0.860
Positive 71 24 +£10 5-43 19 +4 11-27
Negative 9 28«11 848 15+3 9-21
HCV 0.843 0.410
Positive 9 18x2 14-20 14+3 8-20
Negative 71 26+ 9-43 17+3 11-23
Child-Pugh grading 0.382 0.272
Grade A 75 289 10-46 19+4 11-27
Grade B 5 24+12 1-47 13 = 0-26
Tumor size 0.136 0.467
>5cm 65 22+3 17-27 15+2 10-20
< 5cm 15 48+ 14 21-75 22 + 12-32
PVTT 0.003 <0.001
Present 13 10+3 3-17 102 6-14
Absent 67 40+ 12 16-64 20 + 7-33
Satellite nodule 0.005 0.043
Present 10 9«38 0-24 7+5 0-16
Absent 70 40 £ 17 7-73 19«5 10-28
TNM staging 0.010 0.032
II 18 77 11 56-99 66 = 11 44-87
1 40 22 +3 17-27 14 +1 12-16
AN 22 145 5-23 11+1 10-12
AFP 0.433 0.636
> 400 ng/ml 44 21 +3 15-27 17+ 4 9-25
< 400 ng/ml 36 40+ 10 20-60 17 = 8-26
Edmondson-Steiner grading <0.001 <0.001
1 10 90+9 72-108 68 = 10 47-89
I 27 64 +35 0-133 47 + 20 8-86
AFP alohat ) 11 30 18+4 11-25 12+1 10-14
conﬁ(?eﬁcz ii:(e)f’\f;)lt? llilll’.’?gg v 13 81 6-10 71 -9
hepatitis B surface antigen; Blood transfusion 0.022 0.046
HCYV hepeatitis C virus test; With 45 20«2 15-25 12«2 8-16
PVIT portal vein tumor Without 35 48+ 12 24-72 30 £ 6 17-43

thrombosis

tinuous interruption of the porta hepatis, and the second
was routine use of the cavitron ultrasonic surgical aspirator
(CUSA).

The significance of intermittent hepatic inflow occlusion
for safe hepatectomy has been generally recognized [22]. It
was easily understood that continuous interruption could
further simplify procedures, shorten operating time, and
reduce blood loss (especially during transection of liver

parenchyma), as reported previously [23]. Obviously less
blood loss and shorter operating time in our cohort have
been achieved, in contrast to patients with similar general
background reported previously [9]. Although some au-
thors have argued that intermittent interruption of flow
through the porta hepatis leads to less liver injury during
hepatic resection than with continuous flow [23], different
ischemic time might, at least in part, account for the result.
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Table 2 Predictors that were

. Variables Overall survival Disease-free survival

independent for overall or

disease-free survival of cirrhotic RR 95% CI p Value RR 95% CI p Value

HCC patients after RMH
PVTT 2.039 0.968-4.296 0.061 2.288 1.153-4.540 0.018
Blood transfusion 2.330 1.120-4.848 0.024 1.846 0.997-3.420 0.051
Edmondson-Steiner grading 2.881 1.910-4.345 <0.001 2.667 1.854-3.836 <0.001

In previous studies [20, 23], the mean ischemic time was
approximately 40 min, far longer than in the present study
(20.6 min). Our experience, similar to results of a recent
prospective, randomized clinical trial from Italy [24],
established that MH under normothermic continuous
interruption of flow through the porta hepatis could be well
tolerated by HCC patients, even those with liver cirrhosis,
when the interruption time was well controlled. Thus,
intermittent interruption of the porta hepatis might not be
necessary.

The advantages of routine use of the CUSA system for
hepatic parenchyma dissection have also been recognized.
Among them are the significantly reduced operative blood
loss and the associated lower need for homologous blood
transfusion, both of which contribute to the safety of hep-
atectomy [25]. Furthermore, CUS A-based hepatic resection
might result in excellent long-term survival [26]. Our data
demonstrate the value of CUSA for MH, especially in
patients with liver cirrhosis. However, portal vein embo-
lization (PVE) a newly introduced technique for safe
hepatectomy, was not used in our series. Although PVE
was known to increase the feasibility and safety of major
liver resection for hepatocellular carcinoma in injured liver
[27], other authors have found that it might be associated
with remote metastasis of HCC [28]. To avoid a poor long-
term prognosis of patients, the technique was abandoned.
However, the quite satisfactory safety in our series suggests
that MH without PVE can be successfully carried out for
cirrhotic patients with HCC.

For cirrhotic HCC patients with large tumor size (mean
value of about 10 cm) in the cohort, RMH was associated
with satisfactory long-term survival rates, that were com-
parable to those reported for relatively smaller tumors [9].
Thus MH was not only valuable for small HCCs, in accord
with the findings by previous investigators [6], but also for
large ones, although fundamental liver diseases and non-
favorable factors were present.

Limited published data document that tumor-related
factors, such as vascular invasion and tumor size, are more
likely to be poor prognostic factors after MH [10, 11]. The
evidence from our cohort was similar. Univariate and
multivariate analyses showed that major variables defined
as prognostic predictors, including presence of PVTT and
satellite nodule, Edmondson-Steiner grading, and TNM
staging, were cancer-associated clinical, biological, and
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pathological parameters. These results remind us of the
impact of characteristics of tumor alone, especially path-
ological and biological ones, on postsurgical long-term
survival of patients with HCC after MH. Such impacts
should be further evaluated. Among these variables, the
crucial impact of histological grade, in accordance with
Edmondson-Steiner criteria [7], on prognosis of cirrhotic
patients with HCC after RMH was first revealed in the
present study, although it had been established by previous
authors in small HCCs [29]. These grading criteria were
mainly based on the features of HCC cells, such as size,
morphology, and mitotic figures. The higher the grade, the
poorer the differentiation presented by the tumor. The
finding that differentiation of hepatocellular carcinoma
cells was positively correlated with the invasive proclivity
and tumor recurrence might account for the dismal prog-
nosis of patients with poorly differentiated HCC [30].
Additionally, the predicting value of PVTT on disease-free
survival should be comprehended easily, because its close
relationship with postoperative recurrence has been estab-
lished [31]. More importantly, our results first suggested
that blood transfusion, a common event during surgery,
independently influenced overall survival after RMH for
HCC patients with underlying cirrhosis. Many investiga-
tors have suggested that perioperative blood transfusion
promoted recurrence of HCC [32, 33], due to, at least in
part, its immunosuppressive effects [34]. Because MH is
one of the major procedures in hepatic surgery and is more
likely to require blood transfusion than minor ones, more
attention should be focused on careful preoperative eval-
uation and intraoperative manipulation in order to reduce
blood loss and subsequent blood transfusion during MH.
Contrarily, the fact that Child-Pugh grading was not shown
to be of prognostic significance suggests that extensive
hepatic resections could be carried out more aggressively,
if these procedures were estimated to be well tolerated. In
our series, in contrast to a previous report [35], we did not
show the independent role of TNM staging in prognosis.
This may have been because there was a stage distribution
bias in the cohort we studied (no stage 1 tumors). There-
fore, the data could not reduce the importance of TNM
staging in the total spectrum of resectable HCC.

In conclusion, RMH can be regarded as a safe procedure
that may be of benefit to cirrhotic patients with HCC. In
our study, some biological, pathological, and surgery-re-
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lated factors were closely associated with their long-term
prognosis.
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