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The best results in surgical resection are obtained in patients with solitary tumors without 
clinically significant portal hypertension (hepatic venous pressure gradient >10 mmHg). In 
such settings, 5-year survival rates exceed 70%. When portal hypertension exceeds this cut-
off value, 5-year survival decreases to 55%, as is also the case in patients with more than 
one nodule. Surgery may be technically feasible, in other words, with acceptable 30-day 
mortalities although the clinically relevant survival outcome is significantly reduced. In such 
instances, patients may be better served by liver transplantation. If this option is not available, 
the outcome may not differ to that obtained by ablation for small solitary hepatocellular 
carcinoma or for chemoembolization for those patients with multifocal hepatocellular 
carcinoma within the Milan criteria. This philosophy is the backbone for the Barcelona Clinic 
Liver Cancer decision-making process.

Practice points

●● 	In the majority of patients, the presence of underlying cirrhosis increases surgical risk.

●● 	Hepatic resection is a curative treatment from the oncological point of view 
and, at the same time must maintain the maximum quantity of functioning liver 
parenchyma.

●● 	The most commonly used methods allowing us to satisfactorily assess the condition 
of the liver are: the liver stiffness measurement by transient elastography, the 
indocyanine green clearance rate and model for end-stage liver disease.

●● 	In cases of hepatocellular carcinoma with portal hypertension operative risk is 
increased and long-term survival is less than optimal.

●● 	Measurement of hepatic venous pressure gradient is the gold standard in assessing 
the presence of clinically significant portal hypertension.

●● 	Vascular invasion is strongly related to the size of the tumor and presence of 
multicentricity. In these cases long-term survival is reduced.

●● 	Knowledge of the natural history of the hepatocellular carcinoma, is a very important 
factor when determining the therapeutic benefits of various options.

●● 	Feasibility should not be the main factor dictating the choice of treatment. Instead, 
the potential impact of the various options on chance of survival should guide the 
decisions.
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For most groups, over a very long time, surgical 
treatment, either resection or liver transplanta-
tion, has been the first therapeutic option to be 
considered in cases of hepatocellular carcinoma 
(HCC) [1,2]. Hepatic resection should be a cura-
tive treatment from the oncological point of 
view and, at the same time must maintain the 
maximum quantity of functioning parenchyma. 
From a historical perspective hepatic resection 
has been associated with a high surgical morbid-
ity–mortality rate [3]. However, over the last two 
decades, the prognosis of patients with HCC has 
changed dramatically. Some large studies have 
documented better perioperative results after 
resection. The decline in operative mortality is 
attributed to improvements in refined patient 
selection, and improved surgical techniques and 
perioperative care [3].

Furthermore, during the follow-up period, the 
tumor recurrence rate is over 50% at 3 years, and 
to date there is no efficient treatment to reduce 
its incidence [4]. Liver transplantation not only 
rules out tumor recurrence but also treats the 
underlying illness. In this case the oncogenic 
potential is eliminated. Over recent years, many 
published studies have shown that hepatic trans-
plant has a good survival outcome, and reduces 
recurrence rate by up to 5 years in patients with 
HCC diagnosed at the early phase of its devel-
opment  [4]. However, in Spain, where we have 
the highest rate of donation in the world, the 
disproportion between donors and recipients 
makes little difference because a growing wait-
ing list of patients worsen the transplantation 
results when analyzed according to the inten-
tion of treatment  [5]. Realistically speaking, it 
is important to recognize that hepatic resection 
maintains its standing as a viable treatment for 
HCC by reducing waiting list growth for those 
cases that could undergo resection, or by acting 
as a ‘bridge’ to later transplant [6].

In the vast majority of HCC patients, the 
presence of underlying cirrhosis, increases the 
risk and, in some cases, can limit postoperative 
indications for resection [2,3]. Hepatic resection, 
while a curative treatment from the oncological 
point of view, must at the same time, endeavor 
to maintain the maximum quantity of func-
tioning parenchyma. For this reason, both a 
preoperative assessment of liver reserve capacity 
and careful selection of patients is of particular 
importance for success. There is the possibility of 
preoperative biopsy to assess liver steatosis [7] or 
the degree of fibrosis [8], using the SAF score or 

Metavir score. Postoperative risk correlates with 
increased fibrosis. A preoperative biopsy could 
increase the risk of complications that could 
otherwise be avoided through the use of other 
satisfactory assessment methods [9].

The most common methods employed are the 
liver stiffness measurement by transient elastog-
raphy, the indocyanine green clearance rate and 
model for end-stage liver disease (MELD).

Transient elastography has been proposed 
as a new method for noninvasive diagnose of 
liver fibrosis. Recently, it has been suggested 
that patients with liver stiffness values higher 
than 12 kPa have an increased risk of postop-
erative liver failure [10,11]. Elastography was used 
together with noninvasive methods to identify 
clinically significant portal hypertension and 
esophageal varices in patients with compensated 
cirrhosis  [12]. However, in real-life scenarios 
half of the patients with potential liver nod-
ules can not be classified as having or not hav-
ing clinically significant portal hypertension, 
because of nonapplicability (obese patients) or 
inaccuracy [13].

The indocyanine green (ICG) clearance rate 
represents the most common test for predicting 
mortality, especially in Eastern countries [9,14–15]. 
In healthy patients ICG-R15 is approximately 
8–14%. Large resection (e.g., right hepatectomy) 
was judged to be feasible when ICG-R15 was less 
than 20% [14]. However, it has been suggested 
that ICG clearance test has not shown reliable 
results because the ICG test was influenced by 
hepatic blood flow [16]. Additionally, test results 
may vary between examiners. Nevertheless, in a 
recent Korean study the attempt to replace ICG 
by the MELD proved unsuccessful [17].

The MELD score was originally developed 
to evaluate the survival rate of patients under-
going transjugular intrahepatic portosystemic 
shunt procedures, and was thereafter modified 
to evaluate patients with liver disease undergo-
ing surgery [18]. MELD scores perform well in 
predicting death within 3 months in patients 
awaiting liver transplantation and have been 
applied in the allocation of donors’ livers [9,17–18]. 
In addition, the MELD score shows a significant 
correlation with the degree of metabolic liver 
functional impairment, and has also been used 
to predict the postoperative mortality risk of 
patients undergoing hepatic resection. Patients 
with a MELD score higher than 10 have a sig-
nificantly increased risk of morbidity and poor 
outcome after surgery [19,20].
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Figure 1. BCLC classification system (2012). 
HCC: Hepatocellular carcinoma.
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Over the last few years many classifica-
tions have been reported [14–28]. The Barcelona 
Clinic Liver Cancer staging and treatment strat-
egy (BCLC) has gained wide acceptance and 
endorsement because of its stratification capacity 
and its linkage of staging with treatment indica-
tion [22] (Figure 1). It is important that selection 
of candidates and surgical techniques be optimal 
in order to reduce at maximum the postsurgical 
morbidity–mortality rate and assure adequate 
long-term patient survival [29]. From 1996, in our 
center, selection of optimal candidates for resec-
tion has usually been based on the assessment of 
the presence of portal hypertension, as assessed 
by hepatic vein catheterization [30]. Studies have 
shown that a normal bilirubin  concentration 
and the absence of any clinically significant 
portal hypertension measured by hepatic vein 
catheterization (hepatic vein pressure gradient 
[HVPG] <10 mmHg) are the best predictors 
of an excellent postsurgery outcomes, with 
almost no risk for postoperative liver failure [5]. 
Therefore, since 1996 measurement of portal 
pressure has been a key step in the evaluation of 
our candidates for resection.

The BCLC algorithm is a prospective, exter-
nally validated [31–33] system, based on the results 
of a cohort of untreated patients corresponding 
to the aim of no treatment in randomized con-
trol trials [34]. Knowledge of patient history is a 
very important fact when determining the thera-
peutic benefits of various options. The BCLC 
classification system can predict prognosis on 
the basis on variables related to: tumor charac-
teristics (number, size, extrahepatic spread and 
vascular invasion); the degree of liver-function 
impairment according to the Child-Pugh clas-
sification; plasma bilirubin levels and presence of 
portal hypertension, and finally, to the patient’s 
general health status [35,36].

According to BCLC classification, candidates 
for liver resection are those patients at an early 
stage (single nodule, Child-Pugh A-B, PS 0, 
normal bilirubin value and no portal hyperten-
sion). Patients in a very early stage are also con-
sidered for inclusion if they are suitable for liver 
transplantation [36].

A new staging system with treatment strati-
fication has been recently reported, employing 
Hong Kong-based data from 3856 patients [37]. 
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In the study, it was suggested that their aggressive 
treatment system, based on liver resection, pro-
vides better survival than the treatments recom-
mended by the BCLC. However, major concerns 
have been made manifested by Sherman  [38]. 
Briefly, the Hong-Kong staging is retrospective 
while the BCLC is prospective and based on the 
natural history of the patients. Furthermore, the 
retrospective studies introduces a bias risk, in 
other words, selecting for surgery only patients 
with a highly favorable condition. Further to the 
above study design considerations, these findings 
should be validated in other populations (mainly 
in hepatitis C virus disease) in order to confirm 
the Hong Kong study.

Portal hypertension
Portal hypertension has been involved as a 
physiopathological mechanism in the major-
ity of processes that affect decompensated cir-
rhotic patients [39,40]. In cirrhotic patients with 
increased portal pressure, the development of 
related pathologies such as ascites and oesopha-
geal varices further reduce life expectancy. The 
meta-analysis from D’Amico demonstrated 
that patients in Child-Pugh B have a spontane-
ous (without surgery) reduction of their 2-year 
survival rate. When these patients presented 
decompensation, the survival rate decreased 
significantly [41].

These patients are therefore not prime candi-
dates for liver resection because of their increased 
incidence of morbidity and mortality. Moreover, 
their long-term survival rate is also reduced. 
Resection although feasible, is not advisable 
because, if portal hypertension predicts outcome 
in cirrhosis, why should this not be the case after 
surgical resection? [42].

However, some authors argue in favor of liver 
resection in the presence of portal hypertension. 
It is important to note though that patients with 
preoperative portal hypertension underwent a 
lower rate of major resection [43–45].

Capussotti et al.  [43], reported his results 
on cirrhotic patients with portal hypertension 
undergoing liver resection for hepatocellular 
carcinoma. He concluded that portal hyper-
tension should not be considered an absolute 
contraindication for hepatectomy in cirrhotic 
patients. Nevertheless, his results demonstrate a 
higher operative mortality in patients with portal 
hypertension when comparing to patients with-
out (11.1 vs 5.1%). Moreover, a higher number 
liver related complications and a higher incidence 

of blood transfusions (51.5 vs 32.2%) were also 
reported. In addition, significant 3- and 5-year 
survival differences were reported when compar-
ing patients with or without portal hypertension 
(62.1 and 39.8 vs 44.8 and 28.9%, respectively).

Ishizawa, from Tokyo University, recently 
published their liver resection results in their 
series of cirrhotic patients with HCC [44]. They 
concluded that neither the presence of multi-
ple tumors nor portal hypertension is a con-
traindication to liver resection. However, their 
5-year survival rate was poorer in their group 
with portal hypertension than in their group 
with no portal hypertension, either in Child A 
or Child B patients. Actually, the findings by 
Tokyo University confirm our data published 
some years ago [5] in that the results are almost 
the same. Our group has never maintained that 
portal hypertension is a contraindication to sur-
gery. Obviously, whilst it is possible to perform 
liver resection in HCC patients with portal 
hypertension, it is also necessary to know the 
price to be paid. At our institute, when a liver 
transplant is viable, patients with HCC and por-
tal hypertension are given a 5-year overall post-
transplant survival rate of more than 70%, with 
a recurrence rate less than 10%. The disease-free 
survival rate is significantly higher than the rate 
obtained with liver resection. Thus, it is ethi-
cally questionable in our strategy of treatment, 
not to include patients with portal hypertension 
on the liver transplant list. However, liver trans-
plantation is well established in the USA and 
Europe, but in some areas of the world, trans-
plantation is not available or has very limited 
applicability  [4]. In these cases, availability of 
resources also has to be considered in develop-
ing treatment strategies. In addition, the limited 
number of donations means careful selection of 
candidates for transplantation (Milan criteria). 
This approach might exclude some candidates 
with acceptable outcomes, unless there were 
more donors. According to the BCLC classi-
fication (Figure 1), percutaneous ablation is the 
best treatment option for patients with early 
stage HCC, who are not suitable for resection 
or transplantation. Transarterial chemoemboli-
zation is recommended for nonsurgical patients 
with large/multifocal HCC who do not have 
vascular invasion or extrahepatic spread [4].

Recently, Cucchetti published his study results 
on a series of 241 cirrhotic patients [45]. From the 
results it was inferred that portal hypertension 
should not be considered as a contraindication 
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for hepatic resection. However, the first analy-
sis demonstrated that the patients with portal 
hypertension had a significant major incidence 
of liver failure, and a significant low 3- and 
5-year survival rate. These data also confirm 
our results published some years ago. To over-
come bias arising from the variation of severity 
of liver function impairment throughout the two 
groups, a one-to-one match was created using 
propensity score analysis  [45], thus obtaining 
two groups comparable for baseline variables. 
Propensity score reduces selection bias by equat-
ing groups on the basis of the covariates. Patients 
in whom the propensity score was not matched 
were excluded for further analysis. The 3- and 
5-year survival rates of the matched study were 
similar, suggesting that the presence of portal 
hypertension had no impact on intraoperative 
course and postoperative outcome.

However, it is worthy to remark that, in the 
11 patients excluded in the group of portal 
hypertension, the incidence of liver failure was 
nearly 50%, with a significantly lower 3- and 
5-year survival rate. Despite the aim of the study 
from Cuchetti was reduce confounding factor 
by exclusion of outliers, these data suggest that 
the exclusion of the worse patients in the group 
of portal hypertension had improved the 3- and 
5-year rate of this group in the matched study.

To try to clarify this controversial issue the 
BCLC group performed a systematic review and 
meta-analysis to explore in detail the impact of 
clinically significant portal hypertension on 
the postoperative outcomes either survival and 
clinical decompensation in a published series of 
compensated cirrhotic patients with preserved 
liver function without extrahepatic disease 
or macrovascular invasion  [46]. The primary 
analysis focused on mortality (at 3 and 5 years) 
after surgery. The second analysis addressed 
postoperative clinical decompensation of liver 
disease, defined as the onset of complications 
related to cirrhosis such as ascites, variceal 
bleeding, hepatic encephalopaty, progressive 
jaundice, spontaneous bacterial peritonitis and 
hepatorrenal syndrome.

The above search identified 272 citations, of 
which 54 potential articles were selected. Eleven 
articles amounting to a total of 1737 patients 
were finally included in the analysis.

The presence of clinically significant por-
tal hypertension was associated with a higher 
risk of death at 3 and 5 years. On meta-anal-
ysis of eight studies, the presence of clinically 

significant portal hypertension was associated 
with an increased risk of developing decompen-
sation of cirrhosis. The odds ratios were maximal 
in studies using the gold standard measurement 
of HVPG to estimate the presence of portal 
hypertension.

Large tumors
Since the first report in 1999  [22], the BCLC 
classification has never considered size as a 
limiting factor to offer resection as first-line 
treatment [4,35–36,47].

However, some publications have erro-
neously stated that, in the BCLC classif i-
cation, resections were contraindicated in 
tumors larger than 5 cm in diameter  [48]. In 
this study the authors challenge the BCLC 
strategy while at the same time highlighting 
the need to update the most recent Clinical 
Practice Guidelines produced by AASLD  [4] 
and EASL [47]. As acknowledged by them, the 
study is retrospective and the analysis of the 
data offered shows that there is a large propor-
tion of patients excluded or with data missing 
in relevant parameters. This may be a major 
flaw when applying subgroup analysis. In addi-
tion, the staging of the patients is based on the 
examination of the resected tumors and this is 
information that is obviously not available at 
the time of treatment indication. Thus, such a 
study will never serve to inform clinical deci-
sions about treatment indication. These deci-
sions should be based on adequate imaging and 
state-of-the-art techniques. Using the data of 
Torzilli et al., patients with vascular invasion 
discovered at the time of surgery are classified 
as BCLC C although when according to inten-
tion to treat they would correspond to BCLC 
A at the time of treatment indication  [49]. 
Clearly, authors confused Milan criteria for 
liver transplantation [50] with the BCLC crite-
ria for resection. There are now no statements 
suggesting that BCLC classification does not 
recommend resection for solitary HCC greater 
than 5 cm [51].

However, although tumor size is not a con-
traindication for resection it plays a very impor-
tant role in treatment decision making. Some 
publications analyzed the results obtained 
by experienced surgeons in patients for large 
HCC [52–55]. Although the number of patients 
with cirrhosis varied in these series, the long-
term results are disappointing. Even though 
operative mortality is low and it can be argued 
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that the intervention is safe, the presence of risk 
factors such as a macroscopic vascular invasion, 
additional lesions or underlying cirrhosis, get 
the benefit of the surgery in question.

Multiple tumors
The BCLC classification recommended hepatic 
resection for single tumors. In cases of multi-
ple nodules, liver transplantation is advised if 
the patients meet Milan criteria and no signifi-
cant comorbidities are present  [35]. However, 
Ishizawa concluded than the presence of mul-
tiple tumors is not a contraindication to liver 
resection [44]. However, the patient 5-year sur-
vival rate was significantly poorer in the group 
with multiple tumors than in the group with 
a single nodule, both in Child A or Child B 
patients.

Poon  et  al. in their paper concerning the 
strategy of salvage transplantation [56], reported 
that the survival results of patients with con-
comitant two or three nodules and cirrhosis 
were particularly poor compared with other 
subgroups of patients, and suggest that primary 
transplantation may be a more appropriate 
option for this subset of patients.

The presence of multiple resectable lesions 
should probably not be considered as abso-
lute contraindications even though curative 
resection cannot be accomplished  [57–60]. 
The reported 5-year survival (36–58%) and 
disease-free survival (11–30%) questions the 
indication of resection.

As Llovet has demonstrated in a series of 
patients from the Mount Sinai Hospital, vas-
cular invasion is strongly related to the size of 
the main nodule. The percentage of vascular 
invasion increases according to size [61]. These 
data have been recently confirmed by Pawlik 
in a multicenter international study in more 
than one thousand patients [62]. Pawlik demon-
strated that the tumor size and multinodularity 
appears in the multivariate analysis as a prog-
nostic factor that can predict vascular invasion. 
The intent to extend the indications beyond 
BCLC could impair the results of resection.

Nevertheless, there are other alternative 
treatments that can be offered to patients with 
multinodularity. In a series, with unresectable 
HCC treated by transarterial chemoemboliza-
tion, the overall three and 5-year survival rate 
after transarterial chemoembolization were 55 
and 34%, respectively. While these results are 
not exactly the same, they are comparable to 

those obtained with the surgical option in a 
similar population of patients [63].

The study of Malagari  [64] with chemoem-
bolization with doxorubicin-eluting beads for 
unresectable hepatocellular carcinoma shows 
overall survival rates of 93, 62 and 22% at 1, 
3 and 5 years after sequential treatment, with 
higher rates achieved in Child class A com-
pared with Child class B patients. Similarly, 
the study of Burrel [65] with chemoembolization 
with doxorubicin-eluting beads for hepatocel-
lular carcinoma, shows overall survival rates 
of 90, 66 and 38% at 1, 3 and 5 years after 
treatment.

In summary, the aim of the treatment is to 
improve survival of patients while maintain-
ing the most preserved quality of life. This 
apparently simple statement is of paramount 
importance as quite frequently the debate of 
treatment indication is established around 
what can be done, rather than around what 
is worth being done. We are not discussing 
the real possibility to operate on patients with 
portal hypertension, multinodular lesions or 
large tumors. It is evident that in some cases, 
very skilled surgeons allow completion of liver 
resection with low mortality and low blood 
transfusion, but despite this, the survival is 
not optimal.

Feasibility should not be the main factor 
dictating the choice of treatment. Instead, 
the potential impact of the various options on 
chance of survival should guide decisions.

Conclusion
The endpoint of treatment is to provide the 
longest survival with the less impaired quality 
of life. Treatment indication should be changed 
from what can be done to what is worth doing. 

Future perspective
Hepatocarcinoma continues to be the lead-
ing cause of death in patients with cirrho-
sis. Regular surveillance of patients at risk is 
essential to promote early diagnosis and the 
chance to apply the most appropriate treat-
ments for the stage of disease, depending on 
team experience and the availability of donor 
organs. Development of effective preventive 
agents to prevent recurrence after liver resec-
tion are needed. Molecular cell biology will 
help identify new therapeutic strategies and 
novel targets for advanced stage hepatocellular 
carcinoma.
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