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Background 
 Hepatocellular carcinoma (HCC) is a major global 

health problem. It is the fifth most common type 
of cancer and the third most common cause of cancer-
related mortality in the world. Over 80% of 
HCC develops in cirrhotic liver, and is mainly 
attributable to chronic viral infection with hepatitis B or 
C. The great majority of HCC cases occur in developing 
countries with a very high incidence in Asia and Sub-
Sahara Africa, however its incidence is increasing in 

Japan, United States, and other western countries with 
the rise of infection with hepatitis C (1, 2, 3).  

HCC is difficult to manage compared to other 
malignancies due to the underlying liver cirrhosis 
caused by viral hepatitis (4).  Current options for the 
treatment of the early-stage HCC-conforming to the 
Milan criteria-consist of liver transplantation, hepatic 
resection (HR), transcatheter arterial 
chemoembolization (TACE) and radiofrequency 
ablation (RFA) (4,5,6,7).  

Abstract 

Background: Hepatocellular carcinoma (HCC) is a major global health problem. HCC is difficult to manage 
compared to other malignancies due to the underlying liver cirrhosis caused by viral hepatitis. Hepatic resection 
and transplantation remain the standard curative therapies for HCC. However, the best treatment strategy for 
patients with well-preserved liver function, absence of portal hypertension, and early-stage HCC is debated 

Objectives: To assess the outcomes for patients with early stage HCC treated with liver resection, short and long 
term results, as well as the effect of different risk factors on the survival of HCC patients treated by liver resection. 

Methods: This prospective and retrospective study was carried out between January 2008 and June 2012.  24 early 
HCC patients (Child‘s A and B) had liver resection in the Liver unit at Queen Elizabeth Hospital, University of 
Birmingham NHS Trust, Birmingham, UK. 21 (87.5%) had right hepatectomy and 3 (12.5%) had left hepatectomy. 
7 (29.1%) had extended resection in which more than 4 segments were removed while 17 (70.83%) had non-
extended resection in which the maximum number of resected segments did not exceed 4 segments. Vascular 
occlusion (Pringle’s maneuver) was done in 5 (20.83 %) cases during the operation. 2 (8.33%) patients had 
vascular injury during the operation. 

 Results: 24 patients (17 males and 7 females) had liver resection for HCC. Their age ranged from 34.4 years   to 
86.6 years with a mean of 71.37 ± 14.13 years. Fibrosis (5 patients, 20. 83 %) was the most common underlying 
liver disease. .Cirrhosis was found in 8 (33.33%) patients.  Following liver resection, 2 (8.3 %) patients died during 
the first month after surgery, one of them was the result of hepatic insufficiency and the other had portal vein 
thrombosis followed by multi-organ failure.  7 (29.16 %) patients had post-operative complications in the form of 
either pleural effusion, pulmonary infection, bile leak from the cut surface of the liver or confusion and they were 
dealt with accordingly the recurrence free survival was 12.26 ± 9.18 months and the overall survival was 13.76 ± 
9.89 months. The one year overall survival was 68.42 % and the 2 year overall survival was 46.15 %. During 
follow up time recurrence was detected in two patients one was within the first year and the other was after one 
year, one was still alive at the end of the study and the other died within two months from the detection of 
recurrence. Patients who had vascular injury to any of the major hepatic vessels intra-operatively showed 
significantly lower overall and recurrence free survival (P =0.02 and P=0.004, respectively) than patients who had 
no vascular injury.  

Conclusion Surgical resection should remain the first line of therapy for patients with early stage HCC and 
compensated liver function.  
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  Hepatic resection and transplantation remain the 
standard curative therapies for HCC. These treatments 
are limited to either patients with early-stage tumors in 
the case of transplantation or patients with preserved 
liver function in the case of resection. Currently, 
patients with early-stage tumors and advanced liver 
disease are best served by transplant evaluation; 
however, the best treatment strategy for patients with 
well-preserved liver function, absence of portal 
hypertension, and early-stage HCC is debated (8). 

   Although only 30–40% of patients with HCC are 
eligible for surgery, it remains the most feasible and 
efficient treatment. The three most important factors 
that have led to reduce mortality, with a 70% 
expectation of 5-year survival, are: i) better liver 
function assessment, ii) understanding of the segmental 
liver anatomy through more accurate imaging studies 
and iii) technical advances in surgical procedures (9). 

    In patients with preserved liver function and early 
HCC, liver resection (LR) achieves an overall 5-year 
survival comparable with that of transplantation, with 
minimal morbidity and mortality. Recurrence of HCC 
after LR is expected, and salvage liver transplantation 
(LT) can be offered for intrahepatic recurrences 
(10,11,12). 

   LR has generally been accepted as the first 
treatment of choice for HCC in many centers. 
Nevertheless, the associated cirrhosis limits the extent 
of surgery and thus increases the risk of postoperative 
liver failure (13). 

  So, the aim of this work is to study the outcomes for 
patients with early stage HCC treated with liver 
resection, short and long term results, as well as the 
effect of different risk factors on the survival of HCC 
patients treated by liver resection. 
 
Patients and Methods 
  Between January 2008 and June 2012, 24 
hepatocellular carcinoma (HCC) patients who 
underwent liver Resection in the Liver unit at Queen 
Elizabeth Hospital, University of Birmingham NHS 
Trust, Birmingham, UK, were prospectively and 
retrospectively evaluated by chart review. 
 
Exclusion criteria: 
    In the study we excluded patients that were diagnosed 
with any benign or malignant tumor other than HCC. 

 Patients who were medically unfit to have 
resection. 

  Patients with metastatic disease that is not 
amenable for resection or cure by any other 
method. The exception for this was extra-
hepatic tumor spread that can be resected 
completely in the same session with the liver 
(ex. tumor extension to the diaphragm) 

 
Inclusion criteria for liver resection: 

 Child’s A or B patients 
 The remaining liver tissue after resection can 

perform the normal hepatic function. 
 

Preoperative procedures: 
   The goal was to confirm the diagnosis of HCC, decide 
whether resection is appropriate for the patient, evaluate 
the liver’s function and evaluate patient’s fitness for 
surgery. Evaluation included: 
1. History taking from the patient. 
2. Complete clinical examination with special 

emphasis if there are any evidence suggesting 
hepatic decompensation or disseminated 
malignancy. 

3. ECG and echocardiogram 
4. Laboratory tests: 

‐ Liver function assessment: ALT, AST, serum 
albumin, alkaline phosphatase, GGT, bilirubin, 
prothrombin time and concentration. 

‐ Preoperative fitness: CBC, Urea, creatinine, 
random glucose. 

‐ Virology: HBV antigens, HCV antibodies: 
some of the positive cases were further 
subjected for liver biopsy to assess the liver 
parenchymatous condition. 

‐ Tumor markers: AFP, other markers may be 
required according to the case 

5. Imaging procedures: 
‐ Chest X-ray: for patient’s fitness 
‐ Abdominal US: for liver cirrhosis, tumor 

characteristics, portal hypertension, extra-
hepatic disease spread 

‐ Multi-detector or spiral triphasic contrast-
enhanced CT abdomen (Fig. 1,2,3): tumor 
characteristics, relation to major blood vessels 
and bile ducts (it was not done for the aim of 
any volumetric study for the remnant hepatic 
volume ) 

‐ Dynamic gadolinium-enhanced MRI : in case 
further confirmation of tumor characteristics 
was required 

‐ PET-CT : when extra-hepatic spread is 
suspected 

6. Biopsy: if the nature of the tumor was not yet 
surely confirmed. 

7. Upper endoscopy: in cases of HCC on top of 
cirrhotic liver to rule out varices. 

8. Anesthetic consultation. 
    The tailored treatment strategy for each case was 
agreed upon by consultants from each of; the liver unit 
(surgeons and hepatologists), radiology, interventional 
radiology, pathology and oncology departments as well 
as and nutritionists during the Multi-Disciplinary Team 
(MDT) meeting held on weekly basis. 
 
Surgical procedures: 
 Anesthesia.  General anesthesia combined with 

epidural analgesia was the rule for most patients. 
Central venous pressure was lowered during the 
operation (< 5 cm. water) and until either the 
resection is completed with the aim to decrease the 
blood loss. Prophylactic antibiotic was given at 
time of induction of anesthesia.  

 Patient’s position.    Patient was placed in supine 
position. In most cases the table was tilted 15 
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degree down in order to keep the intestine away 
from the operating field. 

 Incision.  
a. Right subcostal incision was made followed of 

exploration of the abdominal cavity to assure 
the absence of metastasis. 

b. Then a left subcostal incision is added but 
nearly only half the length of the right one. 

c. Self-retaining retractors were used to allow 
opening of the costal angle. 

 Liver mobilization 
         The round ligament was divided as well as 
the falciform ligament which was divided up to the 
level of the hepatic veins.  

 
  In right sided liver resection: The right lobe was 
detached from the diaphragmatic attachments. The 
peritoneum was divided from lateral to medial in 
relation to the inferior border of the liver. Veins 
draining the posterior liver to the IVC were either 
clipped or ligated by (3-0) silk till the hepatic venous 
confluence with the IVC. The IVC ligament (containing 
vessels and hepatic parenchyma) is divided with 
endovascular stapler in order to expose the right hepatic 
vein (Fig. 4).  
 
 In left sided liver resection:   The left lobe was 
detached by dividing the left triangular and the left 
coronary ligaments. The lesser omentum was incised 
and the ligamentum venosum was ligated and cut. 
 Vascular control Dissection at the porta hepatis of 

the liver pedicle to the lobe to be resected was 

done by lowering the hilar plate, occluding the 
pedicle to demarcate the liver segments required to 
be removed. Then cutting the components of the 
pedicle (hepatic artery, portal vein and bile duct) 
separately. Sometimes the pedicle was left intact 
till the end of the parenchymal dissection to assure 
no damage to the improper bile duct has occurred. 
  This is followed by dissection of the hepatic vein 
draining the segment required to be removed and 
cutting it using endo-vascular stapler.Prigle’s 
maneuver was applied in some cases with the aim 
of controlling the blood flow to the liver and 
ensure haemostasis (occlusion time ranged from 6 
to 80 min divided into several 10 min. intervals). 

 Parenchymal transaction Parenchymal division 
starts by marking the line of transection 
(demarcation line appearing after the inflow 
pedicle is controlled) by cutting the liver capsule 
with monopolar diathermy. Most of the dissection 
was done using either ultrasonic dissector,Cavitron 
Ultrasonic Aspirator (CUSA) and water jet 
dissector  

 
Statistical analysis 
      Statistical analysis was performed with SPSS 
version 18.0 (PASW), released July 30, 2009 (IBM 
Corporation, Somers, NY). Chi-square test was used for 
categorical variables. Survival curves were performed 
by Kaplan-Meier method and the Log-Rank (Mantel 
Cox) test was used for survival comparisons.  Statistical 
significance was defined as P < 0.05. 

 
 
 
 

 
Fig. 1: Small HCC seen only in arterial phase in a patient with cirrhosis 
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Fig. 2: Images from a 59-year-old man with a 2-cm HCC in the liver segment VIII, Contrast-enhanced CT scan showing a 

hyperdense HCC (arrowheads) at the arterial phase. 
 

 
Fig. 3: Small HCC in segment 4 demonstrating bright arterial enhancement and rapid washout 

 

 
Fig. 4: Showing extent of liver resection 
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Results 
      24 patients (17 males and 7 females) had liver 
resection for HCC. Their age ranged from 34.4 years   
to 86.6 years with a mean of 71.37 ± 14.13 years. Their 
body mass index (BMI) was 28.00 ± 5.43. Cirrhosis (8 
patients, 33.33 %) was the most common underlying 
liver disease. .Cirrhosis was found in 8 (33.33%) 
patients. Their pre-operative AFP level was 63.1 ± 
119.85 ng/ml. ranging from 1- 405 ng/ml. (Table 1).  
       Concerning their tumor characteristics; the number 
of tumor(s) was 1.25 ± 0.61 ranging from 1 to 3 tumors 
and the total tumor(s) size(s) was 9.08 ± 5.40 cm. 
ranging from 1.5 to 22 cm. Milan criteria was met in 6 
cases representing 25% of the resection cases. None of 
the patients received pre-operative treatment (Table 1). 
 
 
Table (1): Clinical profile of HCC patients who had 
liver resection (LR) (n=24) 
Patients’ characteristics  
Age (year) Mean (range) 
 

71.37±14.13 (34.4 - 86.6)

Gender  Male: Female 
 

17 (70.8%):  7 (29.2%)

BMI Mean (range) 
 

28.00 ± 5.43 (19.1 - 39.7)

Underlying liver diseases no. (%) 
 Fibrosis 
 Steatohepatitis  
 Hemochromatosis 
 HBV 

 

 
5 (20.83 %) 
4 (16.7%) 
2 (8.3 %) 
1 (4.1 %) 

Cirrhosis, no. (%) 
 

8 (33.33 %)

AFP level (pre-operative) (ng/ml)            
Mean (range) 
 

63.1 ± 119.85 (1-405) 

Tumor characteristics  
Number of tumors  Mean (range) 
 

1.25 ± 0.61 (1.0 - 3.0) 

Tumor(s) total size(s) (cm)  Mean (range) 
 

9.08 ± 5.40 (1.5 - 22.0) 

Within Milan no. (%) 
 

6 (25 %) 

Preoperative treatment 0 (0%), no (%)

BMI = body mass index, HBV =hepatitis B virus, AFP 
= alpha fetoprotein 

 

     Of the 24 patients 21 (87.5%) had right hepatectomy 
and 3 (12.5%) had left hepatectomy. 7 (29.1%) had 
extended resection in which more than 4 segments were 
removed while 17 (70.83%) had non-extended resection 
in which the maximum number of resected segments 
did not exceed 4 segments. Vascular occlusion 
(Pringle’s maneuver) was done in 5 (20.83 %) cases 
during the operation. 2 (8.33%) patients had vascular 
injury during the operation (Table 2). 
      Following liver resection, the patients’ hospital stay 
was 8.88 ± 4.23 days ranging from 5 days to 20 days 
including their ITU stay that ranged from 1 to 16 days 
with a mean duration of 1.92 ± 3.08 days. 2 (8.3 %) 
patients died during the first month after surgery, one of 
them was the result of hepatic insufficiency and the 
other had portal vein thrombosis followed by multi-
organ failure.  7 (29.16 %) patients had post-operative 
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complications  in  the  form  of  either  pleural  effusion, 
pulmonary  infection,  bile  leak  from  the  cut  surface  of 
the  liver  or  confusion  and  they  were  dealt  with
accordingly (Table 3).

Table (2):  Operative details of the resection group
%No.Variable

Type of resection 
 Right hepatectomy           
 Left hepatectomy  

          

 
21 
3 

 
87.5% 
12.5% 

Resection group 
 Extended 
 Not-extended 

 

 
7 

17 

 
29.1% 
70.9% 

Vascular injury 
 

17 70.9% 

Vascular occlusion 
 

5 20.83% 

 
 
Table (3): Short term results 
Hospital stay (days) Mean (range) 
 

8.88 ± 4.23 (5.0 - 20.0)

ITU stay (days) Mean (range)
 

1.92 ± 3.08 (1.0 - 16.0)

Complications, no. (%) 
 

7 (29.16 %)

2 (8.3%)Operative mortality, no. (%)

Operative mortality=death within 1month   
     
 
     The recurrence free survival (defined as the time 
passed since the initial treatment is finished while the 
patient did not show any sign of disease recurrence) was 
12.26 ± 9.18 months ranging from 0.2 to 30.9 months. 
And the overall survival (defined as the time passed 
from the date in which the initial treatment is finished 
while the patient is still alive) was 13.76 ± 9.89 months 
ranging from 0.5 to 34 months. The one year overall 
survival (the percentage of patients who are still alive at 
the end of the first year after the initial treatment 
modality is applied) was 68.42 % and the 2 year overall 
survival (the percentage of the patients who are still 
alive at the end of the second year after the initial 
treatment modality is applied) was 46.15 % (Table 4). 
During follow up time recurrence was detected in two 
patients one was within the first year and the other was 
after one year, one was still alive at the end of the study 
and the other died within two months from the detection 
of recurrence. 
 
 
Table (4): Post-operative survival results 
Follow up time (months) Mean (range) 
 

13.58 ± 9.99 (0.53 - 34.0)

Recurrence free survival (months) 
      Mean (range) 
      Median 
 

 
12.26 ± 9.18 (0.2 - 30.9) 

12.5 (0.2 - 30.9) 

Overall survival (months) 
      Mean (range) 
      Median 

 
13.76 ± 9.89 (0.5 - 34.0) 

12.8 (0.5 - 34.0) 
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   We selected some variables that may predict the 
overall and recurrence free survival. The two 
statistically significant variables were the BMI (< 25 vs. 
≥ 25) and vascular injury:  The overall and recurrence 
free survival of patients with BMI ≥ 25 were 
significantly higher than those with BMI < 25 (P 
=0.029, P=0.048, respectively). Also, patients who had 
vascular injury to any of the major hepatic vessels intra-
operatively showed significantly lower overall and 
recurrence free survival (P =0.02 and P=0.004, 
respectively) than patients who had no vascular injury. 
Recurrence free survival was higher in patients who had 

a maximum mass size of 5 cm than those who had more 
than 5 cm (14.73 months versus 10.17 months). The 
overall and recurrence free survival were higher in 
patients who had a maximum of 4 segments resected 
than it was in those who had less than 4 segments 
resected (13.23 months versus 8.13 months and 12.83 
months versus 4.33 months respectively) and in patients 
who had only one nodule in the resected specimen than 
those who had more than one (12.83 months versus 0.63 
months and 12.83 months versus 0.53 months 
respectively) (Table 5), (Figs. 1,2). 
 

 
 
 
 
 
 

Table (5):  Univariate analysis of variables related to liver resection 
RecuP-valueOverall survival P-valuerrence free survival

MedianMean ± SEMedianMean ± SE
Age:≤ 0.9704.6712.93 ± 8.270.6614.6713.13 ± 8.4755 years
        ˃ 55 years 
 

12.1712.20 ± 1.9812.8314.73 ± 2.22

Sex: 0.14913.2313.87 ± 2.390.88014.7315.85 ± 2.45Male
        Female 
 

4.208.94 ± 2.708.1312.82 ± 4.29

BMI: ≤ 0.048*4.337.04 ± 2.860.029*4.338.07 ± 3.2325
          ˃ 25 
 

14.7313.84 ± 2.1014.7316.78 ± 2.58

No. of segments: ≤ 4 0.33412.8312.92 ± 2.310.97313.2314.70 ± 2.39
                            > 4 
 

4.3310.28 ± 3.068.1314.03 ± 4.38

Total size:≤ 0.23414.7316.55 ± 5.110.45710.1713.47 ± 2.605 cm
                 > 5 cm 
 

10.1711.05 ± 2.1714.7320.56 ± 4.10

Mass number: 0.21012.8313.42 ± 1.920.65612.8314.90 ± 2.161
                         > 1 
 

0.536.46 ± 5.660.6312.02 ± 11.38

Cirrhosis 0.6301.7313.46 ± 9.950.84212.1713.15 ± 10.37Yes
                   No 
 

12.8311.65± 8.412.8313.16± 9.68

Within Milan: 0.2761.738.97 ± 3.920.57413.2313.00 ± 4.69Yes
                         No 
 

12.1713.35 ± 2.1312.1715.00 ± 2.40

VAS injury: 0.004*1.402.48 ± 1.080.020*1.404.77 ± 3.37Yes
12.8313.15 ± 1.9313.2315.57 ± 2.17No
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Fig. (1):  Overall survival and Recurrence free survival in relation to the BMI (resection group) 

 
 
 

  
Fig. (2): Overall survival and Recurrence free survival in relation to vascular injury (resection group) 

 
 
 
Discussion 
         Both the American (AASLD) (14) and European 
(EASL) Associations for the Study of the Liver (15) 
have recently published updated guidelines for the 
management of hepatocellular carcinoma (HCC). These 
are based on a stratification of patients according to the 
Barcelona Clinic Live Cancer (BCLC) classification, 
which classifies patients according to tumor burden, 
liver function as assessed by Child-Pugh score, and 
performance status, into five distinct prognostic 
categories with different first line treatment 
recommendations (16).  
      Among the many treatment modalities offered for 
HCC, only surgical approaches, including liver 

resection (LR) and liver transplantation (LT), are 
considered to be curative. It is currently accepted that 
LR is the best option for treatment of HCC with 
reserved liver function, and LT is preferred with severe 
impaired liver function. Some controversy remains, 
however, over treatment of patients with well-reserved 
liver function who could tolerate LR or LT (8).  
       In this study, we retrospectively evaluated the 
outcome of 24 patients with HCC selected for LR.  We 
evaluated patients' characteristics, short-term results 
such as hospital stay, postoperative complication, 
mortality, and long-term results such as overall and 
recurrence-free survival. 
     24 HCC patients (17 males and 7 females) treated 
with liver resection .Their mean age was 71.4 ± 14.1 
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years with a body mass index (BMI) of 28.0±5.4. 
Cirrhosis was detected in 33.3% of patients. The 
maximum number of tumors was 3 for each liver while 
the mean total tumor sizes was 9.08 ± 5.4 cm. None of 
the patients received preoperative treatment prior to 
resection. AFP mean value was 63.1 ±119.85 ng / ml.  7 
(29.1 %) patients underwent extended LR and vascular 
injury of one or more of the intra-hepatic artery was 
reported in 2 (8.3 %) patients. 
    As regard to short-term results , the present study 
showed short hospital stay as well as short ITU stay for 
HCC patients treated by LR ( 7 and 1 day ,respectively).  
Early post-operative death (death within 1 month after 
surgery) was reported in 8.3 % of patients. The most 
common post-operative complications (pleural effusion, 
pulmonary infection, bile leak from the cut surface of 
the liver or confusion) were reported in 29.16% of 
patients treated by liver resection. The lower morbidity 
for the LR patients was that the resection avoided the 
risks associated with immunosuppression in HCC 
patients underwent liver transplantation (LT). These 
risks include toxicities (especially nephrotoxicity), 
infectious complications, and post-transplantation de 
novo neoplasms (4).  
            Poon et al. (17) reported a significantly longer 
hospital stay following LT group than following LR; 9 
versus 18 days, respectively, (P<0.001). Similarly, Lee 
et al (8) study showed the Length of hospital stay after 
LT to be significantly longer than after LR. However, 
incidence of postoperative complications and early 
mortality, that is death within 1 month after surgery, 
were not different between the two groups. In Margarit 
et al (12), the mortality for LR patients (5.6%) was 
higher than for LT patients (3.4%).  
     Of the 204 LR patients, no patient died in the 
hospital after LR, whereas the mortality rate was 3.4% 
for the LT group in Poon’s report in 2002 (18). A 
similar conclusion was reached in Bigourdan et al (19) 
.A review of almost 60 cases of either LR or LT found 
that the mortality following transplantation was higher 
than that following resection (20). In Lei et al study (21) 
the complication rate after LT was much higher than 
after LR, the in-hospital mortality was not significantly 
different between the two groups. Recipients who 
received an allogenic liver graft, either full or partial 
size, all needed to take an immunosuppressant, such as 
tacrolimus, mycophenolate mofetil or steroids, and 
nephrotoxicity and immunosuppression may affect graft 
and patient survival (22, 23).  
     In the present study, both recurrence free and overall 
free survival were calculated from the time of LR till 
death or the last follow up.  An overall 2 years survival 
was reported in 46.15 %.    Vascular injury  of one of 
the intra-hepatic arteries ,during liver resection ,was 
associated with significantly  lower recurrence and 
overall free survival compared to those with no vascular 
injury (p < 0.004 and 0.020 , respectively ) while 
patients with BMI ≥ 25 were associated with 
significantly better recurrence and overall free survival 
among LR  patients( p < 0.048 and p < 0.029 
,respectively ). 
 

        Most of the results have shown that the rates of 
long-term survival and recurrence after transplantation 
are superior to those observed following resection 
(22,24,25,26). Bigourdan et al (27) showed significantly 
higher overall and recurrence free survival in the LT 
group than in the LR group .Others have shown similar 
overall survival rates for the two groups and a higher 
recurrence-free survival rate for the LT group (12 ,28, 
8).    
     Post operatively, recurrences were reported in 8.3 % 
patients (2 of 24 patients) treated with LR .In the 
present study all recurrences occurred in less than 2 
years post operatively. The most common site of 
recurrence was in the liver and the lung. Death was 
reported in 60 % of patients who had recurrence and 
death occurred in less than 12 months after diagnosis of 
recurrence.   The majority of recurrences are due 
dissemination from the primary tumor and not 
metachronus tumors developed in a liver with cirrhosis 
(14).   
     Lee et al (8) mentioned that patients who underwent 
LR experienced significantly higher recurrence of HCC 
than those who underwent LT; 11 patients (47.8%) of 
23 after LT developed tumor recurrence in the liver 
graft, while 59 patients (88.1%) of 67 after LR 
experienced recurrence in the remnant liver  
       In Lei et al (21) study most of the patients in the LT 
and LR groups had their HCC recurrence within three 
years. Only two patients had tumor recurrence four 
years after LT or LR. However, the tumor recurrence 
rate after LR increased over time, and the long-term 
survival rates between the LR and LT groups differed 
significantly. Meanwhile, the post-operative antiviral 
therapies may also contribute to the good outcome after 
resection and LT in our study, it is because controlling 
viral replication halts disease progression and decreases 
the risk of tumor recurrence or developing new lesions 
(29).  
         Many studies have reported predictors of 
prognosis based on univariate analyses .In the present 
study we choose 3 predictors; tumors number, tumor 
sizes and vascular invasion Patients with single tumors 
showed higher overall and recurrence free survival in 
comparison to multiple tumor (12.83 m vs. 0.63 m and 
12.83 m vs. 0.53m, respectively). Recurrence free 
survival was higher in patients with tumor mass size > 5 
cm (a median of 14.73 months vs. 10.17 months) .Also 
patients who had vascular injury to any of the major 
intrahepatic vessels intraoperatively showed 
significantly lower overall and recurrence free survival 
(p< 0.020 and p< 0.004, respectively). 
       In Faccuiti et al. study (13) the strongest 
independent predictor for poor outcome was tumor size 
>3 cm, which represented a risk shared by patients 
undergoing LR or OLT, and those within or outside the 
Milan criteria. 

 
Conclusion 

In conclusion, these results suggest that surgical 
resection should remain the first line of therapy for 
patients with HCC and compensated liver function who 
are candidates for resection. 

 



Hassan et al. SECI Oncology 2015 
DOI: 10.18056/seci2015.1 Page 9 of 81

References 

[1] Yang, JD, Roberts, LR: Hepatocellular 
carcinoma: a global view. Nature Reviews 
Gastroenterology and Hepatology 2010, vol. 7:  
448–458 

[2] El-Serag, HB, Mason, AC: Rising incidence of 
hepatocellular carcinoma in the United States. 
New England Journal of Medicine 1999 ,  340, no. 
10: 745–750 

[3] Nordenstedt, H, White, DL ,El-Serag, HB: The 
changing pattern of epidemiology in 
hepatocellular carcinoma, Digestive and Liver 
Disease 2010 , vol. 42, no. 3: 206–214. 

[4] Mazzaferro V, Regalia E, Doci R, Andreola S, 
Pulvirenti A, Bozzetti F, Montalto F, Ammatuna 
M, Morabito A, Gennari L: Liver transplantation 
for the treatment of small hepatocellular 
carcinomas in patients with cirrhosis. N Engl J 
Med. 1996, 334:693-699. 

[5] Parkin DM, Bray F, Ferlay J, Pisani P: Global 
cancer statistics.CA Cancer J Clin. 2002, 55:74-
108. 

[6] Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass 
NM, Feng S, Peters M, Terrault N, Freise CE, 
Ascher NL: Excellent outcome following down-
staging of hepatocellular carcinoma prior to 
liver transplantation: an intention-to-treat 
analysis. Hepatology 2008, 48:819-827 

[7] Merchant N, David CS, Cunningham SC: Early 
Hepatocellular Carcinoma: Transplantation 
versus Resection: The Case for Liver Resection. 
Int J Hepatol. 2011,142085 

[8] Lee KK, Kim DG, Moon IS, Lee MD, Park JH:  
Liver transplantation versus liver resection for 
the treatment of hepatocellular carcinoma. J 
Surg Oncol. 2010, 101:47-53. 

[9] Eguchi S, Kanematsu T, Arii S, et al. (2008); Liver 
Cancer Study Group of Japan. Comparison of the 
outcomes between an anatomical 
subsegmentectomy and a non-anatomical minor 
hepatectomy for single hepatocellular carcinomas 
based on a Japanese nationwide survey.  

[10] Charles H. Cha, Leyo Ruo, Yuman Fong, William 
R. Jarnagin, Jinru Shia, Leslie H. Blumgart, 
Ronald P DeMatteo: Resection of hepatocellular 
carcinoma in patients otherwise eligible for 
transplantation. Ann Surg.2003, 238:315–321. 
Discussion 321–323. 

[11] Margarita Sala, Josep Fuster, Josep M Llovet, 
Miquel Navasa, Manel Sole´, Marı´a Varela, 
Fernando Pons, Antoni Rimola, Juan Carlos 
Garcı´a-Valdecasas, Concepcio´ Bru´, Jordi Bruix: 
High pathological risk of recurrence after 
surgical resection for hepatocellular carcinoma: 
an indication for salvage liver transplantation. 
Liver Transpl. 2004,10:1294–1300 

[12] Margarit C, Escartín A, Castells L, Vargas V, 
Allende E, Bilbao I: Resection for hepatocellular 
carcinoma is a good option in Child-Turcotte-
Pugh class A patients with cirrhosis who are 
eligible for liver transplantation. Liver Transpl. 
2005,11:1242-1251  

[13] Facciuto ME,  Rochon C, Pandey M, Rodriguez-
Davalos, M,  Samaniego S, Wolf DC, Kim-
Schluger L, Rozenblit G, Sheiner PA: Surgical 
dilemma: liver resection or liver 
transplantation for hepatocellular carcinoma 
and cirrhosis. Intention-to-treat analysis in 
patients within and outwith Milan criteria. HPB 
(Oxford) 2009: 11(5):398- 404. 

[14]  Bruix J, Sherman M: Management of 
hepatocellular carcinoma: An Uptade 
Hepatology .2011 :   53(3): 1020-1022. 

[15] European Association for the Study of the Liver 
(EASL): EASL – EORTC clinical practice 
guidelines: Management of hepatocellular 
carcinoma. J. Hepatology. 2012, (56) :908 -943.  

[16] Llovet JM, Fuster J, Bruix J: The Barcelona 
approach: diagnosis, staging, and treatment of 
hepatocellular carcinoma. Liver Transpl .2004; 
10: S115-S120. 

[17] Poon RT, Fan ST, Lo CM, Liu CL, Wong J: 
Difference in tumor invasiveness in cirrhotic 
patients with hepatocellular carcinoma 
fulfilling the Milan criteria treated by resection 
and transplantation: Impact on long-term 
survival. Ann Surg 2007,245:51–58. 

[18] Poon RT, Fan ST, Lo CM, Liu CL, Wong J: 
Longterm survival and pattern of recurrence 
after resection of small hepatocellular 
carcinoma in patients with preserved liver 
function: implications for a strategy of salvage 
transplantation. Ann Surg. 2002,235:373–382  

[19] Bigourdan JM, Jaeck D, Meyer N, Meyer C, 
Oussoultzoglou E, Bachellier P, Weber JC, Audet 
M, Doffoël M, Wolf P: Small hepatocellular 
carcinoma in Child A cirrhotic patients: 
hepatic resection versus transplantation. Liver 
Transpl. 2003, 9:513–520.  

[20] Cillo U, Vitale A, Brolese A, Zanus G, Neri D, 
Valmasoni M, Bonsignore P, Grigoletto F, Burra 
P, Farinati F, D'Amico DF: Partial hepatectomy 
as first-line treatment for patients with 
hepatocellular carcinoma. J Surg Oncol. 2007, 
95:213–220. 

[21]  Lei, J, Yan L,  Wang W: Transplantation vs 
resection for hepatocellular carcinoma with 
compensated liver function after downstaging 
therapy .World J Gastroenterol. 2013, 19(27): 
4400–4408.  

[22] Jain A, Reyes J, Kashyap R, Rohal S, Abu-Elmagd 
K, Starzl T, Fung J: What have we learned about 
primary liver transplantation under tacrolimus 
immunosuppression Long-term follow-up of the 
first 1000 patients. Ann Surg. 1999, 230 :441–
448; discussion 441-448 

[23] Bahirwani R, Reddy KR: Outcomes after liver 
transplantation: chronic kidney disease. Liver 
Transpl. 2009, 15 Suppl 2:S70–S74 

[24] De Carlis L, Giacomoni A, Pirotta V, Lauterio A, 
Slim AO, Bondinara GF, Cardillo M, Scalamogna 
M, Forti D:Treatment of HCC: the role of liver 
resection in the era of transplantation. 
Transplant Proc. 2001, 33:1453–1456 



Hassan et al. SECI Oncology 2015 
DOI: 10.18056/seci2015.1 Page 10 of 81

[25] Bellavance EC, Lumpkins KM, Mentha G, 
Marques HP, Capussotti L, Pulitano C, Majno P, 
Mira P, Rubbia-Brandt L, Ferrero A,  Aldrighetti 
L, Cunningham S,Russolillo N, Philosophe 
B, Barroso E, Pawlik TM: Surgical management 
of early-stage hepatocellular carcinoma: 
resection or transplantation. J Gastrointest Surg. 
2008, 12: 1699–1708. 

[26] Del Gaudio M, Ercolani G, Ravaioli M, Cescon 
M, Lauro A, Vivarelli M, Zanello M, Cucchetti A, 
Vetrone G, Tuci FG, Ramacciato G L, Grazi AD 
Pinna: Liver transplantation for recurrent 
hepatocellular carcinoma on cirrhosis after 
liver resection: University of Bologna 
experience. Am J Transplant. 2008, 8: 1177–1185 

[27] Bigourdan JM, Jaeck D, Meyer N, Meyer C, 
Oussoultzoglou E, Bachellier P, Weber JC, Audet 
M, Doffoël M, Wolf P: Small hepatocellular 
carcinoma in Child A cirrhotic patients: 
hepatic resection versus transplantation. Liver 
Transpl. 2003,9:513–520  

[28] Shah SA, Cleary SP, Tan JC, Wei AC, Gallinger 
S, Grant DR, Greig PD: An analysis of resection 
vs transplantation for early hepatocellular 
carcinoma: defining the optimal therapy at a 
single institution. Ann Surg Oncol. 2007,14: 
2608–2614. 

[29] Choti MA: Transplantation versus resection for 
hepatocellular carcinoma in the mild cirrhotic: 
framing the debate. J Gastrointest Surg. 2009,13: 
1021–1022. 




