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 LIVER CANCER

Hepatectomy for huge hepatocellular carcinoma in 634 cases
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Abstract
AIM: To clarify the safety and feasibility of hepatectomy 
for huge hepatocellular carcinoma (HCC).

METHODS: A total of 4765 patients with HCC operated 
at Tongji Hospital were retrospectively studied, of them, 
780 patients had huge HCC (10 cm or more in diameter). 
Hepatectomy was carried out on 634 patients (81.2%). 
The majority of the liver resection were major resec-
tions, and combined resection of the adjacent organs or 
structures was common (17.2%). The liver resection was 
combined with portal vein thrombectomy in 139 patients 
(21.9%).

RESULTS: Postoperative complications were common 
(26.8%) and required another laparotomy to prevent 
the complications in 5 patients (0.8%). The 30-d mortal-
ity was 2.2%. The main causes of postoperative deaths 
were liver failure (n = 9), postoperative bleeding (n = 4) 
and septic complication (n = 1). The 3-, 5- and 10-year 
survival rates after liver resection were 35.1%, 18.2% 
and 3.5%, respectively. 

CONCLUSION: Hepatectomy for huge HCC is safe and 
effective. It should be used to treat patients with low 
surgical risks and resectable tumours.
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INTRODUCTION 
Hepatocellular carcinoma (HCC) is one of  the most 
common malignancies worldwide, with an annual 
occurrence of  at least one million new cases[1-3]. 
    Hepatic resection is the mainstay of  treatment for 
resectable tumours because of  the proven impact 
of  adequate tumor removal on prognosis. Recent 
improvements in perioperative management have made 
partial hepatectomy safe. 
    Growing indications are related to the resection extent 
and the approach of  surgery in patients with HCC, and the 
maximum prognosis benefit can be combined with optimal 
safety. Therefore, surgeons should balance the benefits 
of  oncological clearance against the risks of  inadequate 
parenchymal preservation after liver resection.
    A non-cirrhotic liver can tolerate up to 80% liver 
resection. The regenerative capacity of  the liver enables 
a functional compensation within a few weeks and 
regeneration to roughly 75% of  the preoperative liver 
volume within 1 year. Such a favourable outcome, however, 
cannot be extrapolated to cirrhotic liver resection which is 
commonly carried out for HCC.
    Hepatectomy for huge HCC is associated with a higher 
operative morbidity and mortality because of  the extent of  
liver resection, and a histological margin of  over 1 cm is 
usually recommended to cut down on intrahepatic tumor 
recurrence[4-6]. Of  the many prognostic factors associated 
with long-term survival, the size of  tumor has a positive 
association after ‘curative’ resection for HCC[6-10]. The 
aim of  this retrospective study was to find out whether 
liver resection for huge HCC (tumor bigger than 10 cm in 
diameter) is efficacious and safe.

MATERIALS AND METHODS
A retrospective study was done on 4765 patients with 
HCC who were treated surgically at the Tongji Hospital, 
Wuhan, China from January 1972 to December 2002, 
and 780 (16.8%) patients had huge HCC over 10 cm in 
diameter. Liver resection was carried out on 634 patietns 
(81.2%).
    The criteria for liver resection for huge HCC with 
curative intention were good general condition of  the 
patient, good cardiopulmonary and renal functions, Pugh-
Child’s A and B, normal indocyanine green test, tumor 
confined to one lobe of  the liver, and no extrahepatic 
spread of  disease with the exception of  local invasion to 
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adjacent organs.
    Liver resection for huge liver tumours was performed 
as previously described[11,12]. In brief, we routinely used 
the Pringle’s manoeuvre to occlude the hepatic inflow. 
We divided the porta hepatis pedicle supplying the side 
of  the liver to be resected as described by Launois[13]. 

We then transected the liver parenchyma using finger-
fracture technique with a haemostat along the plane of  
transection. The hepatic vein draining the part of  the liver 
to be resected was ligated and divided intrahepatically. 
Then the portion of  the liver to be resected by division 
of  the ligaments was mobilized. This method of  liver 
resection prevented laceration of  the major vessels during 
mobilization of  the liver, avoided rupturing of  the huge 
tumor due to excessive traction, and excessive bleeding 
from the venous collaterals due to cirrhosis and portal 
hypertension by leaving mobilization of  the liver near the 
end of  liver resection. Oncological principles of  ligating 
the vessels prior to manipulation of  tumor were followed 
to diminish shedding of  tumor cells into the blood stream.

RESULTS
Of  the 780 patients with huge HCC of  over 10 cm in 
diameter treated surgically, 634 (81.2%) underwent liver 
resection. The remaining 146 patients had unresectable tu-
mors at laparotomy. The reasons for unresectability were: 
tumours too extensively involving the liver (n = 27), mul-
tiple secondary tumors (n = 56), severe liver cirrhosis (n = 
44), and tumor infiltration into major vascular structures 
including the main portal vein, common hepatic artery or 
the hepatic veins (n = 19). These patients with unresect-
able HCC were treated with intraoperative transhepatic or 
transportal vein chemotherapy, or with chemotherapy via 
a totally implantable drug infusion system (n = 57), intra-
operative microwave coagulation (n = 36), intraoperative 
cryotherapy (n = 45), or a biopsy of  the liver tumor (n = 8).
    The demographic data of  the 634 patients who under-
going liver resection are shown in Table 1. Majority of  the 
patients underwent major liver resection. The terminology 

of  the liver resection used was included according to the 
recommendation by the International Hepato-Pancreato-
Biliary Association. Combined resection of  adjacent or-
gans involving the tumor was common. A significant pro-
portion of  patient had tumor thrombi in the portal vein 
(Table 2).
    The operative time was 98 ± 41 min, inflow occlusion 
time was 10.5 ± 2.7 min. Blood loss was 440 ± 250 mL 
and transfusion requirement was 480 ± 350 mL. Postop-
erative complications were common, such as reactive right 
pleural effusion (n = 135 , 21.4%), significant ascites (n = 
30, 4.7%)，bleeding from stress ulceration (n = 11, 1.7%), 
postoperative hemorrhage on the surface of  liver (n = 7, 
1.3%), infected wound (n = 10, 1.6%), bile leakage (n = 
7, 1.1%) and intraabdominal abscess (n = 6, 0.9%). Re-
laparotomy to deal with the complications was required in 
5 patients (0.8%). The 30-d mortality rate was 2.2%, 9 of  
14 patients died of  liver failure, 4 of  14 died of  postopera-
tive bleeding, and 1 died of  septic complication. The 3-, 
5- and 10-year survival rates were 35.1%, 18.2% and 3.5%, 
respectively (Figure 1).
    Univariate analysis showed the following prognostic fac-
tors associated with significant improvement in survival: 
female sex, low serum alpha fetoprotein of  less than 400 
ng/mL, presence of  tumor capsule, absence of  extensive 
capsular infiltration by tumor, absence of  tumor throm-
bus in main portal vein and satellite nodules (Table 3). On 
multivariate analysis, the significant prognostic factors for 
long-term survival were extensive capsular infiltration, tu-
mor thrombus in portal vein, satellite nodules and intraop-
erative blood loss (Table 4).

DISCUSSION
HCC usually presents at a very late stage in its natural 
history because of  the lack of  symptoms in the early 
stage. The large size and the position of  the liver behind 
the costal cartilages preclude the tumor from being 
readily palpable during early stage. Furthermore, the large 
functional reserve of  the liver delays clinical presentation 

Table 1  Demographic data of 634 patients with huge 
hepatocelular carcinoma who underwent liver resection

Sex (male:female)    563:71
Age (yr)1    39 ± 9.5
Total bilirubin (μmol/L)1 12.5 ± 2.8
Alanine aminotransferase (U/L)    36 ± 8.5
Albumin (mmol/L)1   3.8 ± 0.15
Prothrombin times (seconds prolonged)1 1.48 ± 0.8
Maximum size of tumor (cm)1 14.1 ± 2.6
Pugh-Child’s grading, n (%)
   A 559 (88.2%)
   B 75 (11.8%)
   C 0
Alpha fetoprotein ≥ 400 ng/mL 310 (58.9%)2

HBsAg positive 469 (74.0%)
Satellite nodules 139 (26.5%)
Tumor thrombi in portal vein 139 (21.9%)
Associated cirrhosis 547 (86.3%)

1 mean ± SD. 2 number of patient studied = 498.

Table 2  Type of operation  (n  = 634)

Type of liver resection  n    %
   Resection of right three lobes   30      4.8
   Resection of right half   44      6.9
   Resection of left three lobes   39      6.2
   Resection of left half   63      9.9
   Segmentectomy 4, 5, 6   33      5.2
   Segmentectomy 4, 5, 8   27      4.2
   Segmentectomy 5, 6, 7   87    13.7
   Segmentectomy 2, 3 128    20.2
   Non-anatomical resections 183    28.9
      Total 634 100
Combined organ resection 
   Partial diaphragamectomy     12      1.9
   Right adrenal gland resection     9      1.4
   Distal gastrectomy     5      0.8
   Transverse colectomy   11      1.7
   Splenectomy   31      4.9
   Splenectomy + devascularization   41      6.5
   Portal vein thrombectomy 139    21.9
         Total 248    39.1
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with functional disturbances of  the liver. Some patients 
present with large tumors in the liver in their first visits.
    The tumor size is a s ignif icant r isk factor for 
intrahepatic and extrahepatic spread[14-16]. Whether the 
tumor’s greatest diameter impacts on the disease-free 
interval and the overall survival remains unclear. Even 
when small HCCs are examined as a specific group, a 
better survival can still be observed with decreasing size of  
the tumor after resection[7,9]. The frequency of  intrahepatic 
metastasis increases by almost a third between HCC 
smaller and larger than 5 cm and the rate of  portal vein 
tumor thrombosis is almost doubled[15,16]. There is little 
information showing that patients with huge HCC over 
10 cm in diameter without any extrahepatic metastases 
have long-term results after liver resection. Our study on 
634 patients showed a 5-year survival of  18.2%. It is low 
when compared with reported series of  patients with HCC 
unselected for the tumor size, the overall 5-year survival 
of  these series ranges from 11% to 76% with a median 
around 30%, which might be due to the more advanced 
stage of  cancer at the time of  surgery. 
    One of  the major concerns in operating on huge HCC 
is the operative mortality because of  the extent of  the 
liver resection, which is commonly involved in these huge 
tumors. The 30-d mortality of  our patients was 2.2% 
which is low compared with that reported in the medical 
literature on HCC ranging from 0.5% to 21.5%, with a 
median of  around 5% to 10%. Our low operative mortality 

is probably related to the surgeons’ experience and careful 
case selection.
    Intraopertive blood loss can adversely affect the 
perioperative mortality of  patients undergoing liver 
resection[18-20]. There is evidence that blood transfusion 
may be associated with an increased risk of  recurrence 
in patients operated for a hepato-biliary malignancy, due 
to impairment of  the patient’s immune response[21]. Our 
method of  liver resection[11,12] can offer much to patients 
with huge HCC. As discussed previously, our technique 
not only cuts down the intraoperative bleeding, but also 
follows oncological principles. The other factor related 
to our good results is careful selection of  patients. In 
cirrhotic liver resection, the onset of  postoperative 
liver failure and mortality is related to the degree of  
preoperative liver failure[22] and the extent of  non-tumor 
liver parenchyma removed[23]. An ideal candidate for liver 
resection in a patient with huge HCC is a patient with 
good liver function without ascites (Pugh-Child A).
    Using univariate and multivariate analyses, we identified 
several prognostic factors, associated with a better long-
term survival for patients with huge HCC after live 
resection. However, all these factors reflect the biologic 

Table 3  Univariate analysis on prognostic factors associated 
with long-term survival in patients with huge hepatocellular 
carcinoma undergoing liver resection

      Variable Patients  
   (n )

Survival rates (%)
1 yr 2 yr 3 yr 5 yr

Patients
Sex     Male 332 65.1 43.7 33.7 15.1 P < 0.05
           Female   24 83.3 70.8 45.8 37.5
Age    < 50 yr 206 64.5 42.7 32.0 15.1 NS
           ≥ 50 yr 150 68.7 46.3 38.0 18.7
1AFP < 400 ng/mL 130 68.4 49.2 37.7 19.2 P < 0.05
     ≥ 400 ng/mL 154 62.3 32.5 26.0 9.1
Tumor size
          10-15 cm 281 71.5 46.6 39.5 17.4 P < 0.05
          > 15 cm   75 46.7 41.3 16.0 0
Capsule
          Positive 270 71.0 48.1 44.0 21.9 P < 0.05
          Negative   86 48.8 37.2 4.7 0
Extensive capsular infiltration
          Positive 224 67.4 40.6 39.3 12.1 P < 0.05
          Negative   46 93.5 84.8 76.1 69.6
Tumor thrombus in portal vein
          Positive   62 38.7 22.6 6.5 0 P < 0.05
          Negative 294 72.1 50.3 40.5 20.1
Satellite nodules
          Positive   87 36.8 23.0 12.6 0 P < 0.01
          Negative 269 75.8 52.8 41.6 21.9
Surgical resection margin
           ≤ 10 mm 251 64.1 40.2 34.3 13.9 NS
           > 10 mm 105 71.4 58.1 35.2 22.9
Intraoperative blood loss
          ≤ 800 mL 260 69.6 43.8 33.5 15.4 NS
          > 800 mL   96 57.3 50.0 37.5 19.8

1n = 498.

Table 4  Multivariate analysis on prognostic factors associated 
with long-term survival in patients with huge hepatocellular 
carcinoma undergoing liver resection (n = 356)

Factor 
(variable)

Coefficient of 
  regression

Relative
  risk

Standard
  error

 Wales 
statistic

P

Capsule
   Positive     -1.5152 1.3521 0.5078 9.543 < 0.05
   Negative
Extensive capsular infiltration
   Positive     -2.5237 1.4152 0.4035 10.321 < 0.05
   Negative
Tumor thrombus in portal vein
   Positive     -3.1012 2.4240 0.7122 7.543 < 0.05
   Negative
Satellite nodules
   Positive     -2.5158 1.7852 0.8055 7.257 < 0.05
   Negative
Intraoperative blood loss
   ≤ 800 mL     -5.5257 1.5023 0.7211 15.15 < 0.05
   > 800 mL

Figure 1  Survival curve for patients who underwent liver resection for huge 
hepatocellular carcinoma (n = 634). The 3-, 5-, and 10-yr survival rates were 
35.1%,18.2% and 3.5%, respectively.
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behavior of  the tumor, and cannot be used to exclude 
patients from liver resection with an intention for a cure. 
They can be used as a guide to make decisions in balancing 
the risks of  the operation against the potential benefits 
in a patient who has increased risks of  mortality because 
of  his general condition or borderline liver functions. In 
cirrhotic liver resection, resecting too generous a margin 
can result in a higher chance of  postoperative liver failure. 
However, a negative histological margin is the only factor 
that the surgeon can control the long-term survival results. 
Therefore the tumor should be resected aiming at a 1cm 
gross margin although our study showed resection margin 
of  above or below 1 cm had no impact on long-term 
survival provided that the histological margin was clear.
    In conclusion, in carefully selected patients, liver 
resection in patients with HCC of  10 cm or more in 
diameter is safe.
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