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Abstract
Background—Advances in the surgical management of hepatocellular carcinoma (HCC) have
expanded the indications for curative hepatectomy, including more extensive liver resections. The
purpose of this study was to examine long-term survival trends for patients treated with major
hepatectomy for HCC.

Patients and Methods—Clinicopathologic data for 1,115 patients with HCC who underwent
hepatectomy between 1981 and 2008 at five hepatobiliary centers in France, China, and the USA
were assessed. In addition to other performance metrics, outcomes were evaluated using resection
of ≥4 liver segments as a novel definition of major hepatectomy.

Results—Major hepatectomy was performed in 539 patients. In the major hepatectomy group,
median tumor size was 10 cm (range: 1–27 cm) and 22 % of the patients had bilateral lesions. The
TNM Stage distribution included 29 % Stage I, 31 % Stage II, 38 % Stage III, and 2 % Stage IV.
The postoperative histologic examination indicated that chronic liver disease was present in 35 %
of the patients and tumor microvascular invasion was identified in 60 % of the patients. The 90-
day postoperative mortality rate was 4 %. After a median follow-up time of 63 months, the 5-year
overall survival rate was 40 %. Patients treated with right hepatectomy (n=332) and those
requiring extended hepatectomy (n=207) had similar 90-day postoperative mortality rates (4 %
and 4 %, respectively, p=0.976) and 5-year overall survival rates (42 % and 36 %, respectively,
p=0.523). Postoperative mortality and overall survival rates after major hepatectomy were similar
among the participating countries (p>0.1) and improved over time with 5-year survival rates of 30
%, 40 %, and 51 % for the years 1981–1989, 1990–1999, and the most recent era of 2000–2008,
respectively (p=0.004). In multivariate analysis, factors that were significantly associated with
worse survivals included AFP level >1,000 ng/mL, tumor size >5 cm, presence of major vascular
invasion, presence of extrahepatic metastases, positive surgical margins, and earlier time period in
which the major hepatectomy was performed.

Conclusions—This multinational, long-term HCC survival analysis indicates that expansion of
surgical indications to include major hepatectomy is justified by the significant improvement in
outcomes over the past three decades observed in both the East and the West.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies in both Eastern
and Western countries and is uniformly fatal without surgical therapy.1,2 For HCC patients
with preserved liver function and minimal portal hypertension, hepatic resection is the
preferred curative treatment option. Hepatic resection is also the only curative treatment
option for patients with large and multifocal tumors, who are less likely to benefit from liver
transplantation3 or local ablative therapy.4 In many cases, a complete resection of HCC can
only be achieved by a hepatectomy that removes a significant proportion of the liver
parenchyma.5 Whether such an extensive resection is possible is determined by the future
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liver remnant (FLR) function and volume.6 Fortunately, advances in preoperative imaging,7

patient selection, surgical techniques,8-10 and anesthetic monitoring and an improved
understanding of liver anatomy11 have increased the safety of liver resection even in patients
with chronic liver disease.12-14

Previous studies indicated that hepatectomy for HCC is a safe procedure and can be
performed with low postoperative mortality.15-18 Five-year overall survival rates of up to 50
% have been reported at single centers, indicating that liver resection may provide durable
long-term oncological results.5,13 As the safety of resection has improved and surgeons have
become more aggressive with hepatectomy for HCC,19 the definition of major liver
resection has evolved. The use of different definitions for major hepatectomy over time has
made the interpretation of outcomes and comparison of studies difficult. To date, major
hepatectomy has most commonly been described as resection of either ≥2 liver
segments20,21 or ≥3 liver segments.14,22,23 However, resection of ≥4 liver segments, which
is achieved by a right or extended (right or left) hepatectomy,11 is becoming increasingly
common.24 To our knowledge, no multicenter studies have been published focusing on long-
term survival after resection of ≥4 liver segments. Analysis of outcomes after such extensive
resection is anticipated to improve clinical decision-making and to facilitate accurate
informed consent in patients with advanced HCC.

In this manuscript, we report the results of a multicenter database analysis of the 90-day
postoperative and long-term outcomes of patients who underwent major hepatectomy for
HCC defined as resection of ≥4 liver segments. Patient outcomes were stratified by multiple
factors, including extent of liver resection (right or extended hepatectomy), presence of
fibrosis or cirrhosis, country of origin, and time period. In addition, we aimed to identify
clinical factors associated with survival in this patient cohort.

Materials and Methods
Patient Inclusion Criteria

Following Institutional Review Board approval, clinicopathological data on 1,115
consecutive patients with HCC who were treated with hepatectomy between April 1981 and
January 2008 at five major hepatobiliary centers in three countries were prospectively
collected. The centers that participated in the study formed the International Cooperative
Study Group on HCC and included The University of Texas MD Anderson Cancer Center
(Houston, TX), Mayo Clinic (Rochester, MN), Queen Mary Hospital (Hong Kong, China),
Hôpital Beaujon (Clichy, France), and Hôpital Henri Mondor (Créteil, France). Criteria for
surgical eligibility included the ability to remove all radiologically evident disease while
retaining a sufficient FLR.25

Preoperative Assessment
The preoperative assessment included a medical history, a physical examination, serum
laboratory tests, imaging studies, and an anesthesia evaluation. To assess the degree of
chronic liver disease, the Child–Pugh score was calculated.26 Ultrasonography of the
abdomen and cross-sectional imaging (computed tomography or magnetic resonance
imaging) of the abdomen and chest were performed for tumor staging as well as calculation
of the FLR volume. Patients with a FLR lower than the minimal safe residual liver volume
according to the standards of each center and published data27 underwent percutaneous
embolization of the right ± segment IV portal vein branches to induce hypertrophy of the
FLR before hepatectomy. At Queen Mary Hospital in Hong Kong, the indocyanine green
clearance test28 was additionally used to assess the liver functional reserve. The presence of
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major vascular invasion, which was defined as gross invasion of the right or left main
branches of the portal or hepatic veins,29 was evaluated using the available imaging studies.

Surgical Procedure
For this study, major hepatectomy was defined as resection of ≥4 contiguous liver segments
according to Couinaud’s classification.30 This definition included right hepatectomy and
extended (right or left) hepatectomy.11 At the beginning of every operation, the peritoneal
cavity was inspected to exclude unresectable intraabdominal tumor progression.
Intraoperative ultrasonography of the liver was performed to confirm the exact location of
the tumors and to assess proximity to the main intrahepatic vessels. Standard transection
techniques were used for liver resection under total or selective hepatic vascular exclusion.

Postoperative Evaluation
In all cases, the diagnosis was confirmed by a histological examination of the resection
specimen. Tumor cell differentiation was evaluated using the Edmondson–Steiner criteria,31

and nontumoral liver fibrosis or cirrhosis was graded using the scheme established by Ishak
et al..32 Pathologic specimens were also examined to identify microvascular invasion, which
was defined as gross or microscopic involvement of the lobar or segmental branches of the
portal or hepatic veins as well as the presence of tumor emboli within the central hepatic
vein, the portal vein, or the large capsular vessels.29

Statistical Analysis
Quantitative and qualitative variables were expressed as median (range) and frequency
(percentage), respectively. The clinico-pathological data of patients who underwent
resection of ≥4 liver segments was stratified according to the extent of the hepatectomy
(right versus extended), the country of origin (France versus USAversus China), and the
time period in which major hepatectomy was performed (1981–1989 versus 1990–1999
versus 2000–2008). Comparisons between groups were analyzed with the chi-squared or
Fisher’s exact test for categorical variables and the Mann–Whitney U or Kruskal–Wallis H
test for continuous variables, as appropriate. The primary outcomes assessed were overall
survival and mortality rates after hepatic resection. Postoperative mortality was defined as
any death within 90 days after liver resection. Overall survival was calculated from the date
of resection to the date of death or last follow-up using the Kaplan–Meier method. Log-rank
tests were used to assess significance for univariate analyses.

Among the 1,115 patients who underwent resection of HCC, the effect of major
hepatectomy (resection of ≥4 versus <4 liver segments) on overall survival was determined.
In patients treated with major hepatectomy, overall survival and postoperative mortality
rates were analyzed by extent of resection (right versus extended hepatectomy), country of
origin (France versus USA versus China), and time period (1981–1989 versus 1990–1999
versus 2000–2008). Additionally, we examined the differences in outcomes for patients with
and without fibrosis or cirrhosis in the subsets of patients who underwent right or extended
hepatectomy.

To identify predictors for overall survival after major hepatectomy, the following
clinicopathological variables were recorded and analyzed: gender, age, preoperative serum
alpha-fetoprotein (AFP) level, Child–Pugh class, size of the largest tumor, bilateral lesions,
number of lesions, major vascular invasion, microvascular invasion, fibrosis or cirrhosis,
lymph node metastases, extrahepatic metastases, invasion of other adjacent organs by the
tumor, status of the resection margins on microscopic analysis, Edmondson–Steiner grade,
extent of hepatectomy, American Joint Committee on Cancer TNM stage (7th edition), and
time period of treatment. All independent variables that correlated with survival with p<0.05
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in the univariate proportional hazards models were subsequently entered into a Cox
multivariate regression model with backward elimination.

The same variables were analyzed to identify predictors of 90-day postoperative mortality.
All independent variables that correlated with survival with p<0.05 in the univariate
proportional hazards models were subsequently entered into a logistic regression
multivariate model with backward elimination. P values <0.05 were considered statistically
significant in all tests. Statistical analyses were performed using SPSS software, version
17.2 (SPSS Inc., Chicago, IL).

Results
Patient Characteristics

During the study period, 539 of the 1,115 patients with HCC (48 %) underwent major
hepatectomy. A right hepatectomy was performed in 332 patients, and an extended
hepatectomy was performed in 207 patients.

The clinicopathological data of the patients treated with major hepatectomy are summarized
in Table 1. The median age was 56 years (9–87), and 77 % of the patients were male. The
median largest tumor diameter was 10 cm (1–27), and multiple lesions were present in 35 %
of cases. Among patients treated with major hepatectomy, there were several important
differences between subgroups defined by extent of resection (Table 1). Median tumor size
was larger in patients who required extended hepatectomy (12 cm2-25) than in patients who
underwent right hepatectomy (8 cm1-27) (p< 0.0001). The incidence of bilateral HCC was
higher in patients treated with extended hepatectomy (p<0.0001). Chronic liver disease with
fibrosis or cirrhosis was less frequent in patients treated with extended hepatectomy (28 %)
than in those treated with right hepatectomy (40 %) (p=0.005). The extent of the surgical
procedure was associated with the frequency of incomplete resection of HCC: positive
surgical margins were identified in 16 % of patients who underwent extended hepatectomy
and only 10 % of patients who underwent right hepatectomy (p=0.042).

In this study, 137 patients from France, 111 from the USA, and 291 from China underwent
major hepatectomy. There were significant differences between the three countries regarding
the extent of tumor and the degree of underlying liver disease. Comparisons of
clinicopathological patient data according to country of origin are summarized in Table 2.

To determine whether the features of patients who underwent major hepatectomy changed
over time, we compared the clinicopathological findings from three time periods: 1981–
1989, 1990–1999, and 2000–2008. Results of this analysis are summarized in Table 3.
Compared to patients treated in the earlier time periods, patients treated in the 2000–2008
era were less likely to have multiple tumors (p=0.002), underlying fibrosis or cirrhosis
(p=0.044), or positive surgical margins (p<0.0001). Patients treated in 2000–2008 also had
lower preoperative serum AFP levels (p<0.0001).

Ninety-Day Postoperative Mortality Rates
The 90-day postoperative mortality rate for all patients undergoing major hepatectomy was
4 %, and it did not differ between patients who underwent right and those who underwent
extended hepatectomy (p=0.976; Table 1). However, an analysis according to both extent of
resection and underlying liver disease showed that whereas fibrosis or cirrhosis did not
negatively affect the 90-day mortality of patients undergoing right hepatectomy (p=0.940),
the presence of fibrosis or cirrhosis was associated with worse 90-day mortality rate among
patients treated with extended hepatectomy (p=0.002; Table 4).
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Similar 90-day postoperative mortality rates were reported in France (3 %), the USA (2 %),
and China (5 %) (p=0.237; Table 2). Interestingly, an improvement in postoperative
mortality rates was achieved over time. While the 90-day postoperative mortality rate was
12 % in the 1980s, it was 2 % in the 1990s, and 4 % between 2000 and 2008 (p<0.0001;
Table 3).

Long-Term Survival Rates
After a median follow-up time of 63 months (1–188), the median survival of the patients
who underwent major hepatectomy (n=539) was 45 months. The 3-year, 5-year, and 10-year
overall survival rates of these patients were 54 %, 40 %, and, 27 %, respectively. The overall
survival rate at 5 years among patients who had major hepatectomy was not significantly
different from that of patients who had resection of <4 liver segments (46 %, p=0.053; Fig.
1a). Among patients who underwent major hepatectomy, overall survival did not differ by
extent of resection (right versus extended hepatectomy) (p=0.523; Fig. 1b). Likewise, the
survival analysis according to both extent of resection and underlying liver disease showed
that fibrosis or cirrhosis did not negatively affect the outcome of patients undergoing right
hepatectomy (p=0.063). However, even when controlling for 90-day postoperative mortality,
the presence of fibrosis or cirrhosis was associated with worse overall survival among
patients treated with extended hepatectomy (p=0.006; Table 4).

There were no differences in overall survival after major hepatectomy between patients from
France, the USA, and China (5-year survival rates were 42 %, 42 %, and 39 %, respectively;
p=0.173; Fig. 2). Importantly, overall survival after major hepatectomy increased
sequentially over the study period (Fig. 3). The 5-year survival rate was 30 % for 1981–
1989, 40 % for 1990–1999, and 51 % for 2000–2008 (p=0.004).

Predictors of Overall Survival and 90-Day Postoperative Mortality
Results of univariate and multivariate analyses for predictors of overall survival in patients
with HCC who underwent major hepatectomy (n=539) are summarized in Table 5. In
univariate analysis, 14 of 18 study variables correlated with diminished overall survival after
major hepatectomy. In multivariate analysis, AFP level >1,000 ng/mL, tumor size >5 cm,
presence of major vascular invasion, presence of extrahepatic metastases, positive surgical
margins, and earlier time period in which the major hepatectomy was performed were
independently associated with worse survival. The TNM stage was not included in the
multivariate analysis in order to avoid the effect of covariance.

Results of univariate and multivariate analyses for predictors of 90-day postoperative
mortality after major hepatectomy (n=539) are summarized in Table 6. In univariate
analysis, AFP level >1,000 ng/mL, major vascular invasion, and earlier time period in which
the major hepatectomy was performed were associated with higher postoperative mortality
rates. In multivariate analysis, only major vascular invasion and earlier time period were
independent predictors of 90-day postoperative mortality.

Discussion
This multicenter study indicates that major hepatectomy for HCC, defined as resection of ≥4
liver segments, can be performed with a low postoperative mortality rate of 4 % and is
associated with a 5-year overall survival rate of 40 %, which is comparable to that achieved
by hepatic resection of lesser extent at single centers.2,13,33 The current study showed a
steady improvement in survival after major hepatectomy over the past three decades.
According to our findings, 10 percentage point increases in the 5-year overall survival rates
were achieved between the 1980s and 1990s and between the 1990s and 2000–2008. In
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addition, among patients undergoing major hepatectomy, long-term survival rates were
similar for patients undergoing extended hepatectomy and those treated with right
hepatectomy. The reasons for these improvements are likely multifactorial and may include
advances in imaging, patient selection, surgical techniques, and patient care. As such, this
multicenter analysis of major hepatectomy provides a confirmatory validation of the
progress that has been reported in smaller series from single centers.5,6,16,34

Our novel definition of major hepatectomy is in keeping with the fact that the resection of
≥4 liver segments amounts to the removal of more than 50 % of the liver parenchyma.35 We
consider the use of this definition appropriate because the postoperative mortality of such
major resections is usually related to hepatic insufficiency leading to liver failure, which
remains the main cause of mortality after extensive liver resection.36,37 To account for the
impact of this important complication, we included in this study all 90-day postoperative
deaths in the survival analysis. As such, the improved 5-year survival rate of more than 50
% in the recent era is a comprehensive representation of outcome.

Among the three countries that contributed to our study, postoperative mortality and long-
term survival rates were similar. A previous multicenter study that analyzed outcomes after
resection for HCC in patients treated in the USA, France, and Japan showed similar
results.38 However, in that study, the number of patients who underwent right or extended
hepatectomy was small, and definitive conclusions regarding the efficacy of major
hepatectomy could not be drawn. In contrast, our study examined outcomes in 332 patients
treated with a right hepatectomy and 207 patients treated with an extended hepatectomy and
thus represents one of the largest series concentrating on HCC patients with such extensive
intrahepatic involvement that major hepatectomy was required.

A better understanding of adequate FLR volume after hepatic resection likely contributed to
optimized selection of surgical candidates, particularly in the group of patients with limited
hepatic functional reserve. A recent study showed that liver resection can be performed
safely if standardized FLR is >20 % in patients with normal liver and >40 % in patients with
liver cirrhosis.27,39,40 Portal vein embolization (PVE) has been widely used to induce FLR
hypertrophy, facilitating major hepatectomy. Sequential transarterial chemoembolization
and PVE have also been investigated as a combined approach to improve posthepatectomy
outcomes in patients with HCC.41-44 New techni-ques such as right45 or middle hepatic vein
embolization after PVE have been proposed as further means to induce hypertrophy of the
FLR before resection; however, further studies are still required to define the role of these
new approaches.

Our results indicate that in the entire patient cohort, postoperative and long-term outcomes
were similar after right and extended hepatectomy. In patients without underlying liver
disease, extended hepatectomy resulted in 90-day postoperative mortality and long-term
survival rates similar to those after right hepatectomy, validating the role of extended
hepatectomy in the treatment of HCC in patients with normal liver. However, in patients
with chronic liver disease, extended resection was associated with an increased
postoperative mortality rate of 11 % and a diminished 5-year survival rate of 26 %. Based on
these results and those of previous studies,46 right hepatectomy should be considered as a
standard surgical therapy for selected patients with advanced HCC and underlying chronic
disease. However, these data indicate that extended liver resection should be utilized more
selectively in patients with underlying liver disease.

Although extended hepatectomy is associated with worse long-term survival in patients with
fibrosis or cirrhosis than in patients without fibrosis or cirrhosis, the association is not
absolute. In patients with underlying liver disease, outcomes after extended hepatectomy
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remain superior to outcomes after nonsurgical treatments (e.g., transarterial
chemoembolization).47,48 These findings emphasize the importance of patient selection for
surgical therapy. One important tool that may assist in the selection of surgical candidates is
the degree of hypertrophy after PVE.49 Particularly in patients with underlying liver disease,
substantial hypertrophy of the FLR may predict an uncomplicated postoperative course and
prolonged overall survival. This experience confirms reports from previous single-center
studies showing that extended hepatectomy for advanced HCC is justifiable in cirrhotic
patients with preserved regenerative ability of the liver parenchyma and an adequate liver
remnant.5,50

In multivariate analysis, tumor size >5 cm, presence of major vascular invasion, and
presence of extrahepatic metastases were identified as independent predictors of worse
survival after major hepatectomy; these factors have a critical role in the stratification of
HCC patients according to the TNM staging system.29,51-53 The same factors have been
associated with survival in patients with HCC eligible for liver transplantation, confirming
the significance of these factors in predicting outcome.54 In addition, a preoperative AFP
level of >1,000 ng/mL and surgical margins positive for tumor cells reached significance as
independent predictors of diminished survival, validating findings from previous
studies.5,17,55 Earlier time period in which major hepatectomy was performed predicted both
poor overall survival and increased 90-day postoperative mortality in multivariate analysis,
confirming the sequential improvement in outcomes following major hepatectomy over the
past three decades. Major vascular invasion which may require vascular reconstruction with
high risk for increased intraoperative blood loss was also identified as an independent
predictor of early postoperative mortality.16

Our study had some limitations. We evaluated the outcome of patients who were selected for
surgery at centers in three different countries. Each center may have used different methods
to assess resectability and select surgical candidates. In spite of this, the analysis showed
that similarly favorable results could be achieved in all cohorts, which confirms the
increasing efficacy of major hepatectomy in both the East and the West. Because of the
inhomogeneity in the reporting of postoperative complications between centers, this study
did not analyze morbidity. However, the objective of this analysis was to focus on long-term
survival as a primary endpoint. In this study, 90-day mortality represents a surrogate for
morbidity as others have shown an association between postoperative morbidity and
mortality.36,37

Conclusion
In conclusion, this multinational experience provides evidence that outcomes after major
hepatectomy, defined as resection of ≥4 liver segments, have improved significantly over
the past three decades in both the East and the West. Major hepatectomy should be
considered an established method of treatment for HCC at hepatobiliary centers and can
offer a long-term survival benefit in patients with locally advanced HCC.
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APPENDIX

Discussant
Dr. Sharon Weber (Madison, WI): The authors are to be congratulated for this outstanding
multi-institutional study. The improvements in overall survival and 90-day mortality over
time are very encouraging, particularly since this is such a difficult patient population due to
the large tumor size and underlying liver dysfunction

Any HPB surgeon who reads this excellent manuscript will likely want to gain a better
understanding of the specific changes that occurred over time to account for these fantastic
results, particularly in regard to perioperative management and patient selection, in order to
better assess how these factors impacted mortality and long-term outcome.

Specific perioperative parameters that should be included in your analyses include EBL,
blood transfusions, use of low CVP anesthesia, and use of the Pringle for liver transection,
as these factors have been found to have a significant impact on perioperative mortality and,
for some of these factors, also on survival.

In addition, can you help us understand how better assessment of liver reserve may have
impacted perioperative mortality? How often was PVE or CT volumetry utilized, and were
patients excluded from consideration for resection if they were unable to grow their remnant
liver following PVE?

Many other series analyzing long-term results following complex resections for cancer have
found a detrimental effect of complications on overall survival. I understand why you did
not include that data here, but it would be very useful to assess this in order for us to
understand the significance of complications relative to the other negative prognostic
indicators you have nicely outlined in the paper. This is particularly relevant, since, to some
degree, it is more controllable than tumor-specific factors like AFP level, tumor size, and
vascular invasion.

Finally, did the improvement in mortality apply to patients with and without cirrhosis?
Attempting to better understand the independent predictors of 90-day mortality are so
important for this disease; thus, it would be very useful to include a multivariable analysis of
predictors of mortality in the final MS.

Again, congratulations on an excellent paper.

Closing Discussant
Dr. Andreas Andreou: On behalf of the authors, I would like to thank Dr. Weber for her
positive comments and interesting questions.

In regard to the inquiry about specific factors that have changed over time and may directly
account for improved survival, it is difficult to separate the multiple components.
Undoubtedly, there have been contributions in the areas of preoperative imaging, patient
selection, surgical techniques, and anesthetic monitoring that have increased the safety of
liver resection and contributed to forward progress. However, the design of this large
multicenter study, which extended over a long period of time, did not allow for analysis of
specific perioperative parameters such as EBL, blood transfusions, and use of low CVP
anesthesia.
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As our study focused on major hepatectomy, one of the most meaningful advances that
occurred over time was likely in the area of evaluating the future liver remnant (FLR). With
modern cross-sectional imaging, configuration, contour, and volume of the FLR can now be
reliably assessed. More recently, the ability to additionally measure the functional capacity
of the FLR, through either the indocyanine green clearance test or via hypertrophic response
to portal vein embolization, has significantly impacted patient selection and postoperative
liver failure rates. Although each center approached FLR evaluation with a unique strategy,
the universal development of FLR assessment is certainly a key factor contributing to their
shared successes.

In reference to your excellent question regarding the impact of complications on survival,
we have reassessed the 90-day outcomes in this study. Although we do not have sufficient
detail regarding specific complications to individually report them, the 90-day survival may
act as a useful surrogate to differentiate meaningful complications from recoverable
complications. The 90-day postoperative mortality rate for all patients undergoing major
hepatectomy was 4 %, and it did not differ between patients who underwent right and those
who underwent extended hepatectomy (p=0.976; Table 1). However, an analysis according
to both extent of resection and underlying liver disease showed that whereas fibrosis or
cirrhosis did not negatively affect the 90-day mortality of patients undergoing right
hepatectomy (p=0.940), the presence of fibrosis or cirrhosis was associated with worse 90-
day mortality rate among patients treated with extended hepatectomy (p= 0.002; Table 4).

Our additional analysis of early outcomes identified major vascular resection and earlier
time period for resection as the two independent factors associated with 90-day survival.
Interestingly, underlying liver disease in the form of fibrosis or cirrhosis was not a
significant factor. Taken together, these data suggest that underlying liver disease has its
largest impact when resection requires extended hepatectomy and/or major vascular
resection.
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Fig. 1.
a Overall survival after hepatectomy for HCC (n=1,115) by extent of resection (≥4 liver
segments versus <4 liver segments). b Overall survival after major hepatectomy for HCC
(n=539) by extent of resection (right versus extended hepatectomy)
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Fig. 2.
Overall survival after major hepatectomy for HCC (n=539) by country (USA versus France
versus China)
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Fig. 3.
Overall survival after major hepatectomy for HCC (n=539) by time period of treatment
(1981–1989 versus 1990–1999 versus 2000–2008)
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Table 1

Clinicopathological data of patients who underwent major hepatectomy for HCC (n = 539) according to extent
of resection

Variable Major
hepatectomy
(n=539)

Right
hepatectomy
(n=332)

Extended
hepatectomy
(n=207)

P 
a

Male gender (%) 77 81 72 0.018

Age (years), median (range) 56 (9–87) 56 (16–87) 53 (9–85) 0.233

AFP (ng/mL), median (range) 194 (0–1,300,000) 161 (0–481,000) 236 (0–1,300,000) 0.115

Child–Pugh class B (%) 2 2 3 0.404

Tumor size (cm), median (range) 10 (1–27) 8 (1–27) 12 (2–25) <0.0001

Tumor size >5 cm (%) 80 74 90 <0.0001

Bilateral lesions (%) 22 5 50 <0.0001

Multiple lesions (%) 35 34 38 0.296

Major vascular invasion (%) 12 11 12 0.726

Microvascular invasion (%) 60 57 65 0.059

Fibrosis/cirrhosis (%) 35 40 28 0.005

Nodal metastases (%) 1 1 2 0.305

Extrahepatic metastases (%) 1 1 1 0.807

Other organ invasion (%) 9 8 9 0.916

Positive surgical margins (%) 12 10 16 0.042

Edmondson–Steiner grade (%) 0.397

1 13 12 14

2 38 36 40

3 42 45 38

4 7 7 8

90-Day mortality (%) 4 4 4 0.976

AFP α-fetoprotein

a
Right hepatectomy versus extended hepatectomy
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Table 2

Clinicopathological data of patients who underwent major hepatectomy for HCC (n=539) according to country
of origin

Variable France (n=137) USA (n=111) China (n=291) P 
a

Male gender (%) 80 59 84 <0.0001

Age (years), median (range) 57 (15–85) 64 (9–87) 51 (13–82) <0.0001

AFP (ng/dL), median (range) 191 (1–700,000) 25 (0–249,417) 354 (2–1,300,000) <0.0001

Child–Pugh class B (%) 4 0 2 0.146

Tumor size (cm), median (range) 10 (1–24) 10 (2.4–24) 9.5 (1–27) 0.050

Tumor size >5 cm (%) 82 86 78 0.180

Bilateral lesions (%) 19 34 19 0.004

Multiple lesions (%) 39 33 34 0.520

Major vascular invasion (%) 16 10 10 0.145

Microvascular invasion (%) 68 52 60 0.048

Fibrosis/cirrhosis (%) 34 7 46 <0.0001

Nodal metastases (%) 2 5 0 0.002

Extrahepatic metastases (%) 0 1 2 0.196

Other organ invasion (%) 10 4 10 0.112

Positive surgical margins (%) 11 7 14 0.297

Edmondson–Steiner grade (%) <0.0001

1 5 19 14

2 37 45 35

3 46 36 43

4 12 0 8

Extended hepatectomy (%) 28 43 42 0.012

90-Day mortality (%) 3 2 5 0.237

AFP α-fetoprotein

a
France versus USA versus China
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Table 3

Clinicopathological data of patients who underwent major hepatectomy for HCC (n=539) according to time
period

Variable 1981–1989 (n=78) 1990–1999 (n=340) 2000–2008 (n=121) P 
a

Male gender (%) 77 77 79 0.943

Age (years), median (range) 57 (17–87) 52 (13–85) 59 (9–83) 0.017

AFP (ng/dL), median (range) 525 (0–700,000) 230 (0–1,300,000) 28 (1–600,000) <0.0001

Child–Pugh class B (%) 5 2 1 0.126

Tumor size (cm), median (range) 11 (1–20) 10 (1.5–27) 9 (1.8–24) 0.119

Tumor size >5 cm (%) 87 80 78 0.230

Bilateral lesions (%) 22 23 19 0.631

Multiple lesions (%) 47 37 24 0.002

Major vascular invasion (%) 18 11 10 0.154

Microvascular invasion (%) 64 60 59 0.746

Fibrosis/cirrhosis (%) 32 39 26 0.044

Nodal metastases (%) 1 2 0 0.338

Extrahepatic metastases (%) 1 2 1 0.865

Other organ invasion (%) 6 10 6 0.278

Positive surgical margins (%) 27 11 6 <0.0001

Edmondson–Steiner grade 0.157

1 14 11 16

2 38 38 36

3 45 44 36

4 3 7 12

Extended hepatectomy (%) 32 39 40 0.620

90-Day mortality (%) 12 2 4 <0.0001

AFP α-fetoprotein

a
1981–1989 versus 1990–1999 versus 2000–2008
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Table 4

Five-year survival and 90-day mortality rates following major hepatectomy for HCC according to extent of
liver resection and underlying chronic liver disease

Extent of liver resection Fibrosis/cirrhosis

Absent Present
p 

a

Right hepatectomy
 (n=332)

60 % 40 %

5-Year survival
 rate (%)

44 40 0.063

90-Day mortality
 rate (%)

4 4 0.940

Extended
 hepatectomy
 (n=207)

72 % 28 %

5-Year survival
 rate (%)

39 26 0.006

90-Day mortality
 rate (%)

1 11 0.002

a
Fibrosis/cirrhosis absent versus present
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Table 5

Predictors of overall survival after major hepatectomy for HCC (n=539)

Variable % of patients Median survival (months) Univariate analysis Multivariate analysis
a

p p HR 95 % CI

Gender Male 77 40 0.021 NS

Female 23 67

Age (years) >60 37 45 0.209

≤60 63 47

AFP (ng/mL) >1,000 36 18 <0.0001 <0.0001 1.92 1.48–2.49

≤1,000 64 55

Child–Pugh class A 98 45 0.563

B 2 31

Tumor size (cm) >5 80 34 <0.0001 <0.0001 2.30 1.51–3.52

≤5 20 86

Bilateral lesions Present 22 30 0.005 NS

Absent 78 49

Number of lesions Multiple 35 24 <0.0001 NS

Solitary 65 55

Major vascular invasion Present 12 12 <0.0001 0.001 1.83 1.30–2.59

Absent 88 50

Microvascular invasion Present 60 29 <0.0001 NS

Absent 40 61

Fibrosis/cirrhosis Present 35 29 0.004 NS

Absent 65 50

Nodal metastases Present 1 21 0.247

Absent 99 45

Extrahepatic metastases Present 1 11 <0.0001 0.017 2.75 1.20–6.33

Absent 99 45

Other organ invasion Present 9 15 <0.0001 NS

Absent 91 49

Surgical margins Positive 12 16 <0.0001 0.041 1.44 1.02–2.04

Negative 88 43

Edmondson–Steiner grade 1 13 87 <0.0001 NS

2 38 47

3 42 34

4 7 17

Extent of hepatectomy Extended 38 45 0.523

Right 62 44

TNM stage (7th edition) I 29 129 <0.0001 NS

II 31 51

III 38 20

IV 2 15
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Variable % of patients Median survival (months) Univariate analysis Multivariate analysis
a

p p HR 95 % CI

Time period 1981–1989 15 25 0.004 0.002 1.45 1.15–1.85

1990–1999 63 43

2000–2008 22 72

CI indicates confidence interval, HR hazard ratio, NS not significant, AFP α-fetoprotein

a
Cox regression multivariate analysis included all variables with p<0.05 in the univariate analysis
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Table 6

Predictors of 90-day postoperative mortality after major hepatectomy for HCC (n=539)

Variable % of patients 90-Day mortality rate (%) Univariate analysis Multivariate analysis
a

p p HR 95 % CI

Gender Male 77 4 0.351

Female 23 3

Age (years) >60 37 4 0.702

≤60 63 4

AFP (ng/mL) >1,000 36 6 0.045 NS

≤1,000 64 3

Child–Pugh class A 98 4 0.422

B 2 8

Tumor size (cm) >5 80 4 0.527

≤5 20 3

Bilateral lesions Present 22 3 0.379

Absent 78 4

Number of lesions Multiple 35 4 0.795

Solitary 65 4

Major vascular invasion Present 12 10 0.013 0.019 3.42 1.23–9.53

Absent 88 3

Microvascular invasion Present 60 5 0.284

Absent 40 3

Fibrosis/cirrhosis Present 35 6 0.087

Absent 65 3

Nodal metastases Present 1 0 0.592

Absent 99 4

Extrahepatic metastases Present 1 14 0.153

Absent 99 4

Other organ invasion Present 9 9 0.079

Absent 91 3

Surgical margins Positive 12 4 0.726

Negative 88 5

Edmondson–Steiner grade 1 13 0 0.054

2 38 3

3 42 5

4 7 11

Extent of hepatectomy Extended 38 4 0.976

Right 62 4

TNM stage (7th edition) I 29 2 0.385

II 31 4

III 38 5

IV 2 7
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Variable % of patients 90-Day mortality rate (%) Univariate analysis Multivariate analysis
a

p p HR 95 % CI

Time period 1981–1989 15 12 <0.0001 0.038 2.27 1.05–4.93

1990–1999 63 2

2000–2008 22 4

CI indicates confidence interval, HR hazard ratio, NS not significant, AFP α-fetoprotein

a
Logistic regression multivariate analysis included all variables with p<0.05 in the univariate analysis
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