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Abstract
Hepatocellular carcinoma (HCC) is the second most 
common cause of death from cancer worldwide. 
Standard potentially curative treatments are either 
resection or transplantation. The aim of this paper is 
to provide an overview of the surgical management 
of HCC, as well as highlight current issues in hepatic 
resection and transplantation. In summary, due to the 
relationship between HCC and chronic liver disease, 
the management of HCC depends both on tumour-
related and hepatic function-related considerations. As 
such, HCC is currently managed largely through non-
surgical means as the criteria, in relation to the above 
considerations, for surgical management is still largely 

restrictive. For early stage tumours, both resection 
and transplantation offer fairly good survival outcomes 
(5 years overall survival of around 50%). Selection 
therefore would depend on the level of hepatic function 
derangement, organ availability and local expertise. 
Patients with intermediate stage cancers have limited 
options, with resection being the only potential for 
cure. Otherwise, locoregional therapy with transarterial 
chemoembolization or radiofrequency ablation are viable 
options. Current issues in resection and transplantation 
are also briefly discussed such as laparoscopic resection, 
ablation vs  resection, anatomical vs non-anatomical 
resection, transplantation vs resection, living donor liver 
transplantation and salvage liver transplantation.
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Core tip: Surgical management through either resection 
or transplantation are the only potentially curative 
treatment for hepatocellular carcinoma. The decision 
for the management strategy depends on tumour 
factors, hepatic functional reserve, organ availability, 
wait time as well as local expertise and resources. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a prevalent cancer. 
It is estimated, by the World Health Organisation, 
to affect 782000 people and caused 746000 deaths 
worldwide in 2012. In fact, it is the second most 
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common cause of death from cancer worldwide[1]. Its 
incidence is the highest in East and South East Asia, 
which is related to the prevalence of chronic hepatitis 
B in these regions. Standard potentially curative 
treatments for this cancer are either resection or 
transplantation, although radiofrequency ablation is 
considered curative therapy in some cases[2]. Because 
of its relationship with liver cirrhosis, the assessment 
of hepatic function is an important consideration in 
determining management. It is now well established 
that liver transplantation is the treatment of choice 
for early stage HCC in patients with decompensated 
cirrhosis[3-5]. 

The aim of this paper is to review the surgical 
management of hepatocellular carcinoma, as well as 
highlight current issues in this area. 

SURGICAL RESECTION
Only 10%-37% of patients with HCC are amenable 
to liver resection at the time of diagnosis[6-8]. An 
Australian study of 235 patients demonstrated that 
only 17% and 16% of HCC patients were treated 
with liver resection or transplantation respectively[9]. 
In fact, best supportive treatment was the most 
common management strategy employed for this 
cohort. An important aspect of diagnosis in HCC 
is that there are risk factors which are known to 
increase the risk of its development. Both the AASLD 
and EASL-EORTC guidelines recommend 6 monthly 
surveillance using abdominal ultrasonography 
in high risk patients, although the definition of 
which patients are considered high risk varied[10,11] 
Interestingly, a systematic review of the benefits and 
harms of HCC screening in patients with chronic liver 
disease found only poor quality evidence to support 
the benefits of screening. Of the two randomised 
controlled trials reviewed, only one demonstrated 
a survival benefit (ultrasound screening) and one 
found no difference in all-cause mortality (alpha-feto 
protein screening)[12]. 

Improvements in surgical technique and perio
perative care have led to a fall in the morbidity and 
mortality of liver resection over the last two decades. 
Currently, in high volume centres, the mortality of 
liver resection is expected to be less than 4%[13-16]. 
There is also evidence to suggest that there is a 
volume-outcome relationship in hepatic resection 
surgery[17]. Whilst the 5 years overall survival rates 
of around 50% is now achievable, the recurrence 
rate remains high which remains an important cause 
of late deaths[18,19]. 

The decision for liver resection depends on the 
assessment of tumour factors, hepatic function 
and remnant size. With regards to tumour factors, 
one of the most commonly used staging system in 
Western countries is the Barcelona Clinic liver Cancer 
(BCLC) system which classifies patients into early, 

intermediate, advanced and terminal stages[20]. This 
system is utilised by both the American Association 
for the Study of Liver Disease and the European 
Association for the Study of Liver guidelines on the 
management of HCC[21,22]. According to this system, 
the surgical treatment of HCC is limited to the early 
stage cancers, that is, those which satisfy the Milan 
Criteria (a single HCC ≤ 5 cm in diameter or up 
to 3 HCCs ≤ 3 cm in diameter[5]) and have good 
hepatic function (Child-Pugh class A in the absence 
of portal hypertension) and performance status. 
However, such a criteria for resection is considered 
restrictive, for size and number of tumours is not 
a contraindication for resection provided there is 
adequate hepatic reserve and that the tumour 
is resectable. Certainly, long term disease-free 
survival is possible in these patients[23]. Tumour size 
and number are not the most important factors 
influencing survival[9,19]. In fact, for those patients 
with HCCs who do not satisfy the Milan Criteria, the 
only hope of cure is through hepatic resection. Ng et 
al[24] demonstrated that large or multinodular HCC 
could be safely resected, with a five-year overall 
survival of 39% and disease-free survival of 26% 
being achievable. In general, tumours which are 
extensively multifocal and bilateral, involve the main 
portal vein or inferior vena cava are considered 
contraindicated for surgery.

Hepatic function can be classified using a variety 
of measures. The simplest and most commonly 
used is the Child-Pugh Score[25]. Resection is really 
only considered in patients with Child A cirrhosis 
and early Child B cirrhosis. In the former, up to 50% 
resection may be considered, whilst in the latter, 
up to 25% resection may be performed. On the 
other hand, in patients with entirely normal hepatic 
function with no history of cirrhosis could tolerate 
the resection of up to 75% of liver parenchyma[26]. In 
Asian countries, the use of ICG clearance at 15 min 
is also prevalent, with a cut-off of greater than 20% 
precluding major liver resection[27,28]. Model of End-
Stage Liver Disease (MELD) score is an alternative 
score used to classify patients into risk groups. 
A MELD score of < 9 is associated with minimal 
perioperative mortality[29,30]. In addition to hepatic 
function, the other aspect which precludes hepatic 
resection is significant portal hypertension. This can 
be objectively measured using a transhepatic caval 
approach (hepatic vein pressure gradient). This is 
a measure of the pressure difference between the 
wedged hepatic venous pressure (an estimation of 
portal venous pressure) and the free hepatic venous 
pressure (inferior vena caval pressure). A pressure 
gradient of greater than 10 mmHg is associated 
with poorer outcomes post resection[31]. Other 
indicators of clinically relevant portal hypertension 
include splenomegaly, oesophageal varices and 
thrombocytopaenia. 
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Given the relevance of liver function on the 
permitted resection size, the size of the liver 
remnant is important. This can be measured using 
CT volumetry[32]. If adequate future liver remnant 
is not achievable, then portal vein embolization 
(PVE) should be considered. The aim of PVE is 
to induce compensatory hypertrophy in the non-
embolised side. Generally, this is performed by 
the percutaneous transhepatic approach. A recent 
meta-analysis has demonstrated that PVE is safe 
and effective in inducing liver hypertrophy and 
preventing liver failure[33]. It has also been shown to 
increase resectability[34,35]. 

It should be noted that the recurrence rate after 
hepatic resection is high. In a systematic review 
and meta-analysis of resection vs transplantation, 
the 5 year disease-free survival rate of resection 
varied from 18%-51% compared to 54%-84% 
for transplanted patients[18]. In patients with 
intermediate and advanced stage HCC (multiple 
tumours or macrovascular invasion), 5 year disease 
free survival range from 0%-31%[36]. Follow-up for 
recurrence is therefore mandatory and recurrence 
should be managed using a multimodal approach 
including re-resection, TACE and ablative therapy.

CURRENT ISSUES IN HEPATIC 
RESECTION
Laparoscopic liver resection
With the advent of minimally invasive surgery, there 
is increasing uptake of the laparoscopic techniques 
for liver resection. Initially, the experience of 
laparoscopic liver resection was restricted to benign 
pathologies, and peripheral lesions/left lateral 
sectionectomy, although now major resections 
are being conducted laparoscopically[37]. There 
have been several systematic reviews with meta-
analyses on this topic. The most recent and the 
largest, a meta-analysis of 32 studies by Rao et 
al[37], found that laparoscopic hepatic resection was 
associated with significantly lower blood transfusion 
requirements, blood loss and length of stay but 
longer operating time. The overall complication rate 
was significantly lower (OR = 0.35, P < 0.001) in 
the laparoscopic group. Whilst overall survival was 
not different between the two groups, the rate of 
positive resection margins were found to be lower in 
the laparoscopic group. Note however, that the vast 
majority of studies were retrospective studies, with 
no randomised controlled trials, and therefore there 
may be significant selection bias. Unsurprisingly, 
these findings echo those of an earlier meta-analysis 
of 26 studies[38]. However, in relation to oncological 
outcomes, this meta-analysis analysed HCC out
comes separately to other malignant diseases and 
found that there was a significant trend for improved 
overall survival (OR: 1.5 - 1.0-2.2; P = 0.049) in the 

laparoscopic group. Another meta-analysis restricted 
only to studies evaluating laparoscopic resection 
for patients with HCC has demonstrated similar 
findings - lesser blood loss and blood transfusion 
requirements, lesser overall morbidity, cirrhotic 
decompensation and shorter length of stay[39]. 
However, no differences in oncological outcomes 
(margins and survival) were found. Whilst the above 
studies point to potential advantages of performing 
laparoscopic hepatic resection, the major weakness 
of this systematic review is that the majority of 
studies included only patients who underwent minor 
hepatic resections. Their findings therefore may 
not be applicable to major laparoscopic hepatic 
resections. The efficacy of major liver resections 
is still under evaluation although early reports 
would suggest that they are comparable to the 
open procedure in terms of short and long term 
outcomes. For instance, Martin et al[40] compared 90 
laparoscopic hepatectomies (left or right) to case-
matched open hepatectomies and found lesser 
blood loss, lesser use of Pringle manoeuvre, lesser 
operative time, and lesser incidence of any type of 
complication. At present there exist only a few case 
series on robotic major hepatic resections-so while 
it is possible, the limited experience makes any 
conclusion about its comparative efficacy and risks 
difficult to make at the present time[41]. 

Whilst the above results are encouraging, these 
should be interpreted with caution as there is likely 
significant publication and selection biases in the 
above studies. Also, laparoscopic liver resection 
has a learning curve, both for the surgeon and the 
institution[42]. Results in centres where such expertise 
is available may not be generalizable to other 
centres. For instance, Vigano et al[43] demonstrated 
over the course of a 12 year period, operative 
time, pedicle clamping, blood loss, morbidity and 
hospital stay all decreased[43]. They estimated the 
learning curve for minor laparoscopic liver resection 
is 60 based upon cumulative sum analysis on 
conversion rates. The same group reviewed the 
major hepatectomies performed laparoscopically 
at 6 experienced centres around the world and 
found similar improvements in operative time, 
conversion rate, blood loss and pedicle clamping[42]. 
A larger study of 365 patients over a 14 year period 
estimated the learning curve for laparoscopic liver 
surgery to be in the order of 30-40 cases[44]. 

Ablation vs resection
The alternative to resection in early HCC (satisfying 
Milan criteria) is ablation, either percutaneous 
ethanol injection (PEI), radiofrequency (RFA) or 
microwave ablation. In theory, ablation could treat 
a tumour of up to 5 cm in diameter - a size which 
correlates with the Milan criteria. Indeed, the 
European Association for the Study of the Liver 
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interesting addition to the debate comes from the 
development of preoperative 3D simulation, which 
facilitates subsegmental and segmental anatomical 
resection, potentially allowing anatomical resection 
to be performed in patients who have limited hepatic 
reserve and allowing for a quality indicator of success 
or otherwise of anatomical resection[51]. 

LIVER TRANSPLANTATION
The first successful liver transplantation in humans 
was performed in 1967[52]. The attraction of using 
liver resection to manage HCC is that not only is the 
HCC treated with maximal resection margins, the 
underlying liver disease (and hence, premalignant 
field change) is also treated. In a landmark paper by 
Mazzaferro et al[5], the Milan criteria were established 
in 1996. Mazzaferro et al[5] described that patients 
operated within this criteria had excellent outcomes 
post liver transplantation which were comparable 
to those of patients operated on for non-cancer 
indications. The overall and recurrence-free survival 
rates at 4 years were 85% and 92% respectively[5]. 
This criteria was subsequently expanded by the 
University of California San Francisco (UCSF) group 
who nonetheless demonstrated equivalent excellent 
outcomes - 5 year survival of 72%[53]. These results 
have been validated in the Australian/New Zealand 
cohort by Chen et al[54], who demonstrated a 5 year 
survival rate of 74% and 73% in those satisfying the 
Milan and UCSF criteria respectively[54]. Those outside 
Milan or UCSF criteria were found to have significantly 
poorer outcomes. On the other hand, the use of UCSF 
criteria as preoperative selection criteria was found by 
a French group to have resulted in a 5 year survival 
of less than 50% despite a short waiting time[55]. 

Other complications of transplantation include 
rejection as well as complications from immun
osuppression may limit the long term survival 
of transplant recipients[56]. The major limitation 
of liver transplantation in the treatment of HCC 
is the limited availability of donor livers. These 
patients with HCC also compete with non-cancer 
patients for transplants. As a result, strict listing 
criteria are used, such as mentioned above, to limit 
transplantation to those patients whose outcomes 
are comparable to those who do not have HCC. In 
the context of donor shortage, it is often accepted 
that transplanted patients should have 5 year 
survival rates of at least 50%. Unfortunately, whilst 
outcomes of transplantation are good, the potentially 
significant period on the waiting list may lead to 
dropout due to disease progression. This could 
be as high as 25%-38% in 12 mo, although it is 
highly variable[55,57,58]. In fact, studies included in a 
recent systematic review reported median time to 
transplantation varying from 30 to 231 d[18]. 

(EASL) and the European Organisation for Research 
and Treatment of Cancer (EORTC) guidelines suggest 
that ablation with either radiofrequency ablation or 
percutaneous ethanol injection is recommended as 
standard of care for patients with BCLC stage 0 or 
A who are unsuitable for surgery[11]. A recent meta-
analysis analysing outcomes from three randomised 
controlled trials and 25 non randomised studies has 
suggested little difference in survival or recurrence 
early after intervention but at 5 years, significantly 
different survival began to be observed. This 
appeared to be more pronounced in larger tumours 
than smaller ones and more in the non-randomised 
studies than the randomised trials. Consistently 
however, the complication rate and length of stay 
favoured RFA[45]. Another recent systematic review 
which pooled the findings of 6 randomised controlled 
trials and 4 cohort studies comparing RFA/PEI to 
resection came to the same conclusion - that early 
outcomes (survival and recurrence) were equivalent 
(at one-year) but the differences became more 
pronounced with longer duration of follow-up. This 
seemed to apply even for small cancers (tumour size 
≤ 3 cm). Complication rates however significantly 
favoured ablative therapy[46]. Therefore one can 
conclude that in appropriately selected patients, 
surgical resection is the preferred management even 
for small cancers although ablative treatment had 
the advantage of lower morbidity. 

Anatomical vs non-anatomical resection
The debate surrounding anatomical vs non-anat
omical resection remain a controversial one. In 
theory, hepatocellular carcinomas recurrence is 
strongly related to microvascular tumour emboli, 
therefore, resection of the vascular territory of 
the tumour makes oncological sense[47]. On the 
other hand, HCC often occurs in cirrhotic livers 
and the preservation of hepatic parenchyma to 
prevent postoperative liver failure suggests a non-
anatomical approach. Indeed, numerous studies 
have been performed to elucidate the benefits of 
either approach, but none in a randomised fashion[48]. 
Two meta-analysis of these non-randomised studies 
favoured anatomical resection although only one 
found statistically significant difference between the 
two groups in terms of both overall and disease-
free survival[49,50]. To further complicate one’s 
understanding of this debate, a meta-regression 
performed by Cucchetti et al[48] demonstrated that 
much of the heterogeneity of overall and disease-
free survival results arose from the presence or 
absence of cirrhosis as a covariate. That is, non-
anatomical resection had poorer outcomes because 
of the higher prevalence of cirrhosis in that group[48]. 
Hence, only a randomised trial whereby the baseline 
characteristics are randomised can we make any 
final conclusions regarding this ongoing debate. An 
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CURRENT ISSUES IN LIVER 
TRANSPLANTATION
Liver resection vs liver transplantation
The question of whether liver transplantation or 
liver resection is more efficacious in the treatment 
of HCC depend very much on the clinical scenario. 
For instance, for the patient with early HCC 
with inadequate hepatic reserve for resection, 
transplantation may be the only potentially curative 
option. On the other hand, a patient with a large 
HCC but with preserved hepatic function would 
only have resection as the curative option. The 
controversial case is of patients with early HCC with 
well compensated cirrhosis. In this case, not only 
are the outcomes of resection and transplantation 
important, the availability of donor livers, and 
therefore the dropout rate is highly relevant. Analysis 
of survival on an intention-to-treat basis would 
be more reflective of the relative efficacy of each 
treatment strategy in the real world. There have been 
some recent meta-analyses conducted to evaluate 
the question of relative efficacy. Rahman et al[18] in 
2012 looked at nine studies comparing liver resection 
and transplantation for early stage HCC[18]. The key 
finding was that all these studies were retrospective 
and only a few reported intention-to-treat survival 
data for the transplantation group. Five-year overall 
survival ranged from 40%-70% for resection and 
52%-81% for transplantation. Pooling of data from 
studies which conducted intention-to-treat survival 
analysis demonstrated no significant difference in 
survival between the two treatment strategies at 5 
years. Another meta-analysis on an intention-to-treat 
basis also found no significant difference between 
the outcomes of the two groups[59]. The other key 
finding highlighted by these two systematic reviews 
is the lack of prospective/randomised or even simply 
well-matched studies in the literature. Certainly, as 
yet there are no randomised controlled trials to guide 
treatment[60]. 

Living donor liver transplantation
With the limitation of the availability of cadaveric 
liver transplants, there is increasing interest in the 
use of living donor liver transplant (LDLT). Clearly 
this requires the donation of a liver graft from a 
donor - a procedure not without its risks. The risk 
of mortality is estimated to be 0.1% for donor left 
hepatectomy and 0.5% for donor right hepatectomy; 
with a morbidity rate of up to 20%[61,62]. This risk 
to the donor, without direct beneficial effects to 
the person also brings about an ethical dilemma 
to transplant surgeons and physicians alike - “first 
do no harm”. However, the advantage of LDLT is 
that as the liver is obtained outside the usual donor 
pool, this strategy expands the number of organs 
available for transplantation. As a result, the criteria 

for liver transplantation can often be extended 
beyond the usual Milan or UCSF criteria. The Kyoto 
criteria (≤ 10 tumours, less than 5 cm, PIVKA-Ⅱ 
≤ 400) and “up-to-seven” criteria are examples of 
extended transplant criteria which have been used 
in the context of living donor transplants[63,64]. Using 
a decision analytical model taking into account the 
risk of dropout while waiting (4% per month), the 
expected survival of the recipient (70% at five years) 
and the risk for the donor (0.3% to 0.5% mortality), 
Sarasin et al[65] demonstrated that patients with HCC 
waiting more than seven months for a deceased 
donor liver would benefit from LDLT. Early reports 
have suggested a higher recurrence rate in LDLT as 
compared to Deceased donor liver transplantation 
(DDLT), however, this is hypothesised to be due to 
the “fast-tracking” of LDLT which therefore allowed 
transplantation of patients with more aggressive 
HCC[61]. Two recent meta-analysis of LDLT vs DDLT 
were reported. These found overall survival rates to 
be similar between the two groups. One of these, 
by Grant et al[66] found LDLTs to be associated with 
decreased disease-free survival rates. On the other 
hand, Liang et al[67] performed a subgroup analysis 
of patients within the Milan criteria and found similar 
survival outcomes between the two groups. 

Bridging therapy and salvage liver transplantation
Out of the need to minimise dropout during waiting, 
strategies such as bridging therapy or resection with 
salvage transplantation has been developed. Bridging 
therapies such as RFA or TACE are frequently used. 
Whilst bridging therapy does seem to be useful in 
decreasing dropout rate whilst awaiting transplant, 
its role in improving survival after transplantation 
has not been established[68]. An alternative strategy 
to primary transplantation is primary resection 
followed by salvage transplantation. The advantage 
to this is to minimise the need for organs and to use 
resection as the ultimate bridging therapy to prevent 
progression whilst waiting for transplantation. A 
recent systematic review of 16 studies found that of 
those 7 studies which reported salvage transplant 
rates, the median rate of salvage transplantation 
was 41% after a median time to recurrence of 21 
mo[69]. Whilst a meta-analysis was not performed, 
they found a median 5 year survival to be 67%. 
Interestingly, half of studies reported a mortality 
rate of higher than 5% and two studies reported 
mortality rates of greater than 10%[70,71]. A meta-
analysis by Zhu et al[72] analysed 14 studies, of 
which 10 overlapped with Chan’s systematic review. 
Zhu et al[72] found that compared to primary liver 
transplantation, salvage liver transplantation was 
associated with longer operative time, greater blood 
loss but failed to find a significant difference in 
postoperative mortality. With regards to long term 
survival, primary liver transplant was found to have 

Pang TCY et al . Surgical management of HCC



250 February 27, 2015|Volume 7|Issue 2|WJH|www.wjgnet.com

better five-year disease free survival but not overall 
survival[72]. These results would suggest that salvage 
liver transplant is a viable strategy in appropriately 
resourced transplant centres.

CONCLUSION
HCC is currently largely managed through non-
surgical means as the tumour-related and hepatic 
function considerations for surgical management is 
still largely restrictive. For those who have tumours 
eligible for surgical therapy from the tumour point of 
view (early stage tumours), those with good hepatic 
function and significant functional liver remnant would 
be candidates for either resection or transplantation 
depending on local resources. Those with poor 
hepatic function may be placed on the liver transplant 
list, with or without bridging therapy. Patients with 
intermediate stage cancers have limited options, with 
resection being the only potential for cure. Otherwise, 
regional therapy with TACE or RFA are viable options. 
With further development of surgical techniques, 
including salvage liver transplantation, the indications 
for surgical management of HCC may continue to 
expand. With this, the outcomes of HCC may further 
improve.

Surgical therapy is the only curative hope for 
patients with HCC. The selection of patients for 
transplantation and resection will depend on local 
resources, but both have potentially good outcomes 
in appropriately selected patients.

REFERENCES
1	 Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, 

Rebelo M, Parkin D, Forman D, Bray F. GLOBOCAN 2012 v1.0, 
Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 
11 [Internet]. Lyon, France: International Agency for Research on 
Cancer, 2013. Available from: URL: http://globocan.iarc.fr

2	 Lau WY, Lai EC. Hepatocellular carcinoma: current management 
and recent advances. Hepatobiliary Pancreat Dis Int 2008; 7: 
237-257 [PMID: 18522878]

3	 Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Long-term 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 
[PMID: 11882759]

4	 Fan ST, Cheung ST, Lo CM. Indications for liver transplantation 
in patients with chronic hepatitis B and C virus infection and 
hepatocellular carcinoma. J Gastroenterol Hepatol 2000; 15 Suppl: 
E181-E186 [PMID: 10921405]

5	 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 [PMID: 
8594428 DOI: 10.1056/NEJM199603143341104]

6	 Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C, Wong J. 
Hepatectomy for hepatocellular carcinoma: toward zero hospital 
deaths. Ann Surg 1999; 229: 322-330 [PMID: 10077043]

7	 Colella G, Bottelli R, De Carlis L, Sansalone CV, Rondinara 
GF, Alberti A, Belli LS, Gelosa F, Iamoni GM, Rampoldi A, 
De Gasperi A, Corti A, Mazza E, Aseni P, Meroni A, Slim 
AO, Finzi M, Di Benedetto F, Manochehri F, Follini ML, Ideo 

G, Forti D. Hepatocellular carcinoma: comparison between 
liver transplantation, resective surgery, ethanol injection, and 
chemoembolization. Transpl Int 1998; 11 Suppl 1: S193-S196 
[PMID: 9664977]

8	 Fong Y, Sun RL, Jarnagin W, Blumgart LH. An analysis of 412 
cases of hepatocellular carcinoma at a Western center. Ann Surg 
1999; 229: 790-799; discussion 790-799 [PMID: 10363892]

9	 Perry JF, Charlton B, Koorey DJ, Waugh RC, Gallagher PJ, 
Crawford MD, Verran DJ, McCaughan GW, Strasser SI. Outcome 
of patients with hepatocellular carcinoma referred to a tertiary 
centre with availability of multiple treatment options including 
cadaveric liver transplantation. Liver Int 2007; 27: 1240-1248 
[PMID: 17919236 DOI: 10.1111/j.1478-3231.2007.01569.x]

10	 Bruix J, Sherman M. Management of hepatocellular carcinoma: an 
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI: 
10.1002/hep.24199]

11	 European Association For The Study Of The L, European 
Organisation For R, Treatment Of C. EASL-EORTC clinical 
practice guidelines: management of hepatocellular carcinoma. 
J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI: 10.1016/
j.jhep.2011.12.001]

12	 Kansagara D, Papak J, Pasha AS, O’Neil M, Freeman M, Relevo R, 
Quiñones A, Motu’apuaka M, Jou JH. Screening for hepatocellular 
carcinoma in chronic liver disease: a systematic review. Ann 
Intern Med 2014; 161: 261-269 [PMID: 24934699 DOI: 10.7326/
M14-0558]

13	 Andreou A, Vauthey JN, Cherqui D, Zimmitti G, Ribero D, Truty 
MJ, Wei SH, Curley SA, Laurent A, Poon RT, Belghiti J, Nagorney 
DM, Aloia TA. Improved long-term survival after major resection 
for hepatocellular carcinoma: a multicenter analysis based on a 
new definition of major hepatectomy. J Gastrointest Surg 2013; 
17: 66-77; discussion p.77 [PMID: 22948836 DOI: 10.1007/
s11605-012-2005-4]

14	 Fan ST, Mau Lo C, Poon RT, Yeung C, Leung Liu C, Yuen WK, 
Ming Lam C, Ng KK, Ching Chan S. Continuous improvement 
of survival outcomes of resection of hepatocellular carcinoma: 
a 20-year experience. Ann Surg 2011; 253: 745-758 [PMID: 
21475015 DOI: 10.1097/SLA.0b013e3182111195]

15	 Li GZ, Speicher PJ, Lidsky ME, Darrabie MD, Scarborough 
JE, White RR, Turley RS, Clary BM. Hepatic resection for 
hepatocellular carcinoma: do contemporary morbidity and mortality 
rates demand a transition to ablation as first-line treatment? J Am 
Coll Surg 2014; 218: 827-834 [PMID: 24655879]

16	 Yang T, Zhang J, Lu JH, Yang GS, Wu MC, Yu WF. Risk factors 
influencing postoperative outcomes of major hepatic resection of 
hepatocellular carcinoma for patients with underlying liver diseases. 
World J Surg 2011; 35: 2073-2082 [PMID: 21656309 DOI: 
10.1007/s00268-011-1161-0]

17	 Richardson AJ, Pang TC, Johnston E, Hollands MJ, Lam VW, 
Pleass HC. The volume effect in liver surgery--a systematic review 
and meta-analysis. J Gastrointest Surg 2013; 17: 1984-1996 [PMID: 
24002759 DOI: 10.1007/s11605-013-2314-2]

18	 Rahman A, Assifi MM, Pedroso FE, Maley WR, Sola JE, Lavu 
H, Winter JM, Yeo CJ, Koniaris LG. Is resection equivalent to 
transplantation for early cirrhotic patients with hepatocellular 
carcinoma? A meta-analysis. J Gastrointest Surg 2012; 16: 
1897-1909 [PMID: 22836922]

19	 Poon RT, Fan ST, Lo CM, Ng IO, Liu CL, Lam CM, Wong 
J. Improving survival results after resection of hepatocellular 
carcinoma: a prospective study of 377 patients over 10 years. Ann 
Surg 2001; 234: 63-70 [PMID: 11420484]

20	 Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. 
Lancet 2003; 362: 1907-1917 [PMID: 14667750]

21	 Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, 
Burroughs AK, Christensen E, Pagliaro L, Colombo M, Rodés J. 
Clinical management of hepatocellular carcinoma. Conclusions of 
the Barcelona-2000 EASL conference. European Association for the 
Study of the Liver. J Hepatol 2001; 35: 421-430 [PMID: 11592607]

22	 Bruix J, Sherman M. Management of hepatocellular carcinoma. 
Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI: 10.1002/

Pang TCY et al . Surgical management of HCC



251 February 27, 2015|Volume 7|Issue 2|WJH|www.wjgnet.com

hep.20933]
23	 Poon RT, Ng IO, Fan ST, Lai EC, Lo CM, Liu CL, Wong J. 

Clinicopathologic features of long-term survivors and disease-free 
survivors after resection of hepatocellular carcinoma: a study of 
a prospective cohort. J Clin Oncol 2001; 19: 3037-3044 [PMID: 
11408499]

24	 Ng KK, Vauthey JN, Pawlik TM, Lauwers GY, Regimbeau JM, 
Belghiti J, Ikai I, Yamaoka Y, Curley SA, Nagorney DM, Ng IO, 
Fan ST, Poon RT. Is hepatic resection for large or multinodular 
hepatocellular carcinoma justified? Results from a multi-
institutional database. Ann Surg Oncol 2005; 12: 364-373 [PMID: 
15915370]

25	 Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 
Transection of the oesophagus for bleeding oesophageal varices. Br 
J Surg 1973; 60: 646-649 [PMID: 4541913]

26	 de Baere T, Roche A, Elias D, Lasser P, Lagrange C, Bousson V. 
Preoperative portal vein embolization for extension of hepatectomy 
indications. Hepatology 1996; 24: 1386-1391 [PMID: 8938166 
DOI: 10.1053/jhep.1996.v24.pm0008938166]

27	 Lam CM, Fan ST, Lo CM, Wong J. Major hepatectomy for 
hepatocellular carcinoma in patients with an unsatisfactory 
indocyanine green clearance test. Br J Surg 1999; 86: 1012-1017 
[PMID: 10460635 DOI: 10.1046/j.1365-2168.1999.01204.x]

28	 Poon RT, Fan ST. Hepatectomy for hepatocellular carcinoma: 
patient selection and postoperative outcome. Liver Transpl 2004; 
10: S39-S45 [PMID: 14762838]

29	 Cucchetti A, Ercolani G, Vivarelli M, Cescon M, Ravaioli M, La 
Barba G, Zanello M, Grazi GL, Pinna AD. Impact of model for end-
stage liver disease (MELD) score on prognosis after hepatectomy 
for hepatocellular carcinoma on cirrhosis. Liver Transpl 2006; 12: 
966-971 [PMID: 16598792 DOI: 10.1002/lt.20761]

30	 Teh SH, Christein J, Donohue J, Que F, Kendrick M, Farnell M, 
Cha S, Kamath P, Kim R, Nagorney DM. Hepatic resection of 
hepatocellular carcinoma in patients with cirrhosis: Model of End-
Stage Liver Disease (MELD) score predicts perioperative mortality. 
J Gastrointest Surg 2005; 9: 1207-1215; discussion 1215 [PMID: 
16332475 DOI: 10.1016/j.gassur.2005.09.008]

31	 Bruix J, Castells A, Bosch J, Feu F, Fuster J, Garcia-Pagan JC, Visa 
J, Bru C, Rodés J. Surgical resection of hepatocellular carcinoma in 
cirrhotic patients: prognostic value of preoperative portal pressure. 
Gastroenterology 1996; 111: 1018-1022 [PMID: 8831597]

32	 Vauthey JN, Chaoui A, Do KA, Bilimoria MM, Fenstermacher MJ, 
Charnsangavej C, Hicks M, Alsfasser G, Lauwers G, Hawkins IF, 
Caridi J. Standardized measurement of the future liver remnant prior 
to extended liver resection: methodology and clinical associations. 
Surgery 2000; 127: 512-519 [PMID: 10819059 DOI: 10.1067/
msy.2000.105294]

33	 Abulkhir A, Limongelli P, Healey AJ, Damrah O, Tait P, Jackson J, 
Habib N, Jiao LR. Preoperative portal vein embolization for major 
liver resection: a meta-analysis. Ann Surg 2008; 247: 49-57 [PMID: 
18156923 DOI: 10.1097/SLA.0b013e31815f6e5b]

34	 Azoulay D, Castaing D, Krissat J, Smail A, Hargreaves GM, 
Lemoine A, Emile JF, Bismuth H. Percutaneous portal vein 
embolization increases the feasibility and safety of major liver 
resection for hepatocellular carcinoma in injured liver. Ann Surg 
2000; 232: 665-672 [PMID: 11066138]

35	 Wakabayashi H, Ishimura K, Okano K, Izuishi K, Karasawa Y, 
Goda F, Maeba T, Maeta H. Is preoperative portal vein embolization 
effective in improving prognosis after major hepatic resection in 
patients with advanced-stage hepatocellular carcinoma? Cancer 
2001; 92: 2384-2390 [PMID: 11745294]

36	 Zhong JH, Ke Y, Wang YY, Li LQ. Liver resection for patients 
with hepatocellular carcinoma and macrovascular invasion, multiple 
tumours, or portal hypertension. Gut 2014 Sep 3; Epub ahead of 
print [PMID: 25187522]

37	 Rao A, Rao G, Ahmed I. Laparoscopic or open liver resection? Let 
systematic review decide it. Am J Surg 2012; 204: 222-231 [PMID: 
22245507 DOI: 10.1016/j.amjsurg.2011.08.013]

38	 Mirnezami R, Mirnezami AH, Chandrakumaran K, Abu Hilal 
M, Pearce NW, Primrose JN, Sutcliffe RP. Short- and long-term 

outcomes after laparoscopic and open hepatic resection: systematic 
review and meta-analysis. HPB (Oxford) 2011; 13: 295-308 [PMID: 
21492329 DOI: 10.1111/j.1477-2574.2011.00295.x]

39	 Zhou YM, Shao WY, Zhao YF, Xu DH, Li B. Meta-analysis of 
laparoscopic versus open resection for hepatocellular carcinoma. 
Dig Dis Sci 2011; 56: 1937-1943 [PMID: 21259071 DOI: 10.1007/
s10620-011-1572-7]

40	 Martin RC, Scoggins CR, McMasters KM. Laparoscopic hepatic 
lobectomy: advantages of a minimally invasive approach. J Am 
Coll Surg 2010; 210: 627-634, 634-636 [PMID: 20421019 DOI: 
10.1016/j.jamcollsurg.2009.12.022]

41	 Boggi U, Caniglia F, Amorese G. Laparoscopic robot-assisted major 
hepatectomy. J Hepatobiliary Pancreat Sci 2014; 21: 3-10 [PMID: 
24115394 DOI: 10.1002/jhbp.34]

42	 Kluger MD, Vigano L, Barroso R, Cherqui D. The learning curve 
in laparoscopic major liver resection. J Hepatobiliary Pancreat Sci 
2013; 20: 131-136 [PMID: 23064988]

43	 Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, Cherqui 
D. The learning curve in laparoscopic liver resection: improved 
feasibility and reproducibility. Ann Surg 2009; 250: 772-782 [PMID: 
19801926 DOI: 10.1097/SLA.0b013e3181bd93b2]

44	 Cai X, Li Z, Zhang Y, Yu H, Liang X, Jin R, Luo F. Laparoscopic 
liver resection and the learning curve: a 14-year, single-center 
experience. Surg Endosc 2014; 28: 1334-1341 [PMID: 24399518]

45	 Wang Y, Luo Q, Li Y, Deng S, Wei S, Li X. Radiofrequency 
ablation versus hepatic resection for small hepatocellular 
carcinomas: a meta-analysis of randomized and nonrandomized 
controlled trials. PLoS One 2014; 9: e84484 [PMID: 24404166 
DOI: 10.1371/journal.pone.0084484]

46	 Ni JY, Xu LF, Sun HL, Zhou JX, Chen YT, Luo JH. Percutaneous 
ablation therapy versus surgical resection in the treatment for early-
stage hepatocellular carcinoma: a meta-analysis of 21,494 patients. 
J Cancer Res Clin Oncol 2013; 139: 2021-2033 [PMID: 24072235 
DOI: 10.1007/s00432-013-1530-1]

47	 Park JH, Koh KC, Choi MS, Lee JH, Yoo BC, Paik SW, Rhee JC, 
Joh JW. Analysis of risk factors associated with early multinodular 
recurrences after hepatic resection for hepatocellular carcinoma. 
Am J Surg 2006; 192: 29-33 [PMID: 16769271 DOI: 10.1016/
j.amjsurg.2005.11.010]

48	 Cucchetti A, Cescon M, Ercolani G, Bigonzi E, Torzilli G, Pinna 
AD. A comprehensive meta-regression analysis on outcome of 
anatomic resection versus nonanatomic resection for hepatocellular 
carcinoma. Ann Surg Oncol 2012; 19: 3697-3705 [PMID: 22722807 
DOI: 10.1245/s10434-012-2450-z]

49	 Zhou Y, Xu D, Wu L, Li B. Meta-analysis of anatomic resection 
versus nonanatomic resection for hepatocellular carcinoma. 
Langenbecks Arch Surg 2011; 396: 1109-1117 [PMID: 21476060 
DOI: 10.1007/s00423-011-0784-9]

50	 Chen J, Huang K, Wu J, Zhu H, Shi Y, Wang Y, Zhao G. Survival 
after anatomic resection versus nonanatomic resection for 
hepatocellular carcinoma: a meta-analysis. Dig Dis Sci 2011; 56: 
1626-1633 [PMID: 21082347 DOI: 10.1007/s10620-010-1482-0]

51	 Takamoto T, Hashimoto T, Ogata S, Inoue K, Maruyama 
Y, Miyazaki A, Makuuchi M. Planning of anatomical liver 
segmentectomy and subsegmentectomy with 3-dimensional 
simulation software. Am J Surg 2013; 206: 530-538 [PMID: 
23809675 DOI: 10.1016/j.amjsurg.2013.01.041]

52	 Starzl TE, Groth CG, Brettschneider L, Penn I, Fulginiti VA, 
Moon JB, Blanchard H, Martin AJ, Porter KA. Orthotopic 
homotransplantation of the human liver. Ann Surg 1968; 168: 
392-415 [PMID: 4877589]

53	 Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, 
Ascher NL, Roberts JP. Liver transplantation for hepatocellular 
carcinoma: expansion of the tumor size limits does not adversely 
impact survival. Hepatology 2001; 33: 1394-1403 [PMID: 
11391528 DOI: 10.1053/jhep.2001.24563]

54	 Chen JW, Kow L, Verran DJ, McCall JL, Munn S, Balderson GA, 
Fawcett JW, Gow PJ, Jones RM, Jeffrey GP, House AK, Strasser 
SI. Poorer survival in patients whose explanted hepatocellular 
carcinoma (HCC) exceeds Milan or UCSF Criteria. An analysis 

Pang TCY et al . Surgical management of HCC



252 February 27, 2015|Volume 7|Issue 2|WJH|www.wjgnet.com

of liver transplantation in HCC in Australia and New Zealand. 
HPB (Oxford) 2009; 11: 81-89 [PMID: 19590628 DOI: 10.1111/
j.1477-2574.2009.00022.x]

55	 Decaens T, Roudot-Thoraval F, Hadni-Bresson S, Meyer C, 
Gugenheim J, Durand F, Bernard PH, Boillot O, Sulpice L, Calmus 
Y, Hardwigsen J, Ducerf C, Pageaux GP, Dharancy S, Chazouilleres 
O, Cherqui D, Duvoux C. Impact of UCSF criteria according to 
pre- and post-OLT tumor features: analysis of 479 patients listed for 
HCC with a short waiting time. Liver Transpl 2006; 12: 1761-1769 
[PMID: 16964590 DOI: 10.1002/lt.20884]

56	 Conti F, Morelon E, Calmus Y. Immunosuppressive therapy in liver 
transplantation. J Hepatol 2003; 39: 664-678 [PMID: 14568246]

57	 Maddala YK, Stadheim L, Andrews JC, Burgart LJ, Rosen 
CB, Kremers WK, Gores G. Drop-out rates of patients with 
hepatocellular cancer listed for liver transplantation: outcome with 
chemoembolization. Liver Transpl 2004; 10: 449-455 [PMID: 
15004776 DOI: 10.1002/lt.20099]

58	 Yao FY, Bass NM, Ascher NL, Roberts JP. Liver transplantation 
for hepatocellular carcinoma: lessons from the first year under the 
Model of End-Stage Liver Disease (MELD) organ allocation policy. 
Liver Transpl 2004; 10: 621-630 [PMID: 15108253 DOI: 10.1002/
lt.20159]

59	 Dhir M, Lyden ER, Smith LM, Are C. Comparison of outcomes of 
transplantation and resection in patients with early hepatocellular 
carcinoma: a meta-analysis. HPB (Oxford) 2012; 14: 635-645 
[PMID: 22882201 DOI: 10.1111/j.1477-2574.2012.00500.x]

60	 Taefi A, Abrishami A, Nasseri-Moghaddam S, Eghtesad B, 
Sherman M. Surgical resection versus liver transplant for patients 
with hepatocellular carcinoma. Cochrane Database Syst Rev 2013; 
6: CD006935 [PMID: 23813393]

61	 Chan SC. Section 2. Small-for-size liver graft and hepatocellular 
carcinoma recurrence. Transplantation 2014; 97 Suppl 8: S7-S10 
[PMID: 24849840 DOI: 10.1097/01.tp.0000446266.42019.28]

62	 Chan SC, Fan ST, Lo CM, Liu CL, Wong J. Toward current 
standards of donor right hepatectomy for adult-to-adult live donor 
liver transplantation through the experience of 200 cases. Ann 
Surg 2007; 245: 110-117 [PMID: 17197973 DOI: 10.1097/01.
sla.0000225085.82193.08]

63	 Ito T, Takada Y, Ueda M, Haga H, Maetani Y, Oike F, Ogawa K, 
Sakamoto S, Ogura Y, Egawa H, Tanaka K, Uemoto S. Expansion 
of selection criteria for patients with hepatocellular carcinoma 
in living donor liver transplantation. Liver Transpl 2007; 13: 
1637-1644 [PMID: 18044766 DOI: 10.1002/lt.21281]

64	 Xiaolu D, Jing P, Fang H, Lifen Y, Liwen W, Ciliu Z, Fei Y. Role 

of p115RhoGEF in lipopolysaccharide-induced mouse brain 
microvascular endothelial barrier dysfunction. Brain Res 2011; 
1387: 1-7 [PMID: 21354111 DOI: 10.1016/j.brainres.2011.02.059]

65	 Sarasin FP, Majno PE, Llovet JM, Bruix J, Mentha G, Hadengue 
A. Living donor liver transplantation for early hepatocellular 
carcinoma: A life-expectancy and cost-effectiveness perspective. 
Hepatology 2001; 33: 1073-1079 [PMID: 11343234 DOI: 10.1053/
jhep.2001.23311]

66	 Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR, McGilvray 
ID. Living vs. deceased donor liver transplantation for hepatocellular 
carcinoma: a systematic review and meta-analysis. Clin Transplant 
2013; 27: 140-147 [PMID: 23157398 DOI: 10.1111/ctr.12031]

67	 Liang W, Wu L, Ling X, Schroder PM, Ju W, Wang D, Shang Y, 
Kong Y, Guo Z, He X. Living donor liver transplantation versus 
deceased donor liver transplantation for hepatocellular carcinoma: 
a meta-analysis. Liver Transpl 2012; 18: 1226-1236 [PMID: 
22685095 DOI: 10.1002/lt.23490]

68	 Pompili M, Francica G, Ponziani FR, Iezzi R, Avolio AW. Bridging 
and downstaging treatments for hepatocellular carcinoma in patients on 
the waiting list for liver transplantation. World J Gastroenterol 2013; 
19: 7515-7530 [PMID: 24282343 DOI: 10.3748/wjg.v19.i43.7515]

69	 Chan DL, Alzahrani NA, Morris DL, Chua TC. Systematic 
review of efficacy and outcomes of salvage liver transplantation 
after primary hepatic resection for hepatocellular carcinoma. J 
Gastroenterol Hepatol 2014; 29: 31-41 [PMID: 24117517 DOI: 
10.1111/jgh.12399]

70	 Adam R, Azoulay D, Castaing D, Eshkenazy R, Pascal G, 
Hashizume K, Samuel D, Bismuth H. Liver resection as a bridge to 
transplantation for hepatocellular carcinoma on cirrhosis: a reasonable 
strategy? Ann Surg 2003; 238: 508-518; discussion 518-519 [PMID: 
14530722 DOI: 10.1097/01.sla.0000090449.87109.44]

71	 Vennarecci G, Ettorre GM, Antonini M, Santoro R, Maritti M, 
Tacconi G, Spoletini D, Tessitore L, Perracchio L, Visco G, Puoti C, 
Santoro E. First-line liver resection and salvage liver transplantation 
are increasing therapeutic strategies for patients with hepatocellular 
carcinoma and child a cirrhosis. Transplant Proc 2007; 39: 
1857-1860 [PMID: 17692633 DOI: 10.1016/j.transproceed.2007.05
.073]

72	 Zhu Y, Dong J, Wang WL, Li MX, Lu Y. Short- and long-term 
outcomes after salvage liver transplantation versus primary liver 
transplantation for hepatocellular carcinoma: a meta-analysis. 
Transplant Proc 2013; 45: 3329-3342 [PMID: 24182812 DOI: 
10.1016/j.transproceed.2013.06.004]

P- Reviewer: Kubota K, Yamashita T    S- Editor: Ji FF    
L- Editor: A    E- Editor: Lu YJ

Pang TCY et al . Surgical management of HCC



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


