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Introduction

Global estimates show that liver cancer ranks fifth in 
incidence and fourth in overall cancer-related mortality, 
with approximately 854,000 new cases and 810,000 deaths 
per year. These essentially overlapping incidence and 
mortality rates highlight the lethality of this neoplasm (1), 
with hepatocellular carcinoma (HCC) accounting for 90% 
of cases (2).

Most of these deaths probably happen in East Asia, 
as approximately 40% of all HCC cases occur in China. 
Over time, however, both the incidence and mortality of 

this cancer has been rising in several regions worldwide, 
including North America, Latin America, and Central 
Europe (1,3).

To facilitate proper assessment of the extent of the 
primary lesion and its remote spread, in addition to 
the aiding in the definition of treatment strategies and 
prognosis, several HCC staging systems have been  
proposed (4). In 1984, Okuda et al. (5) pioneered a staging 
system that combined anatomical tumor features and 
parameters related to the overlying liver disease.

The Barcelona Classification (BCLC) is perhaps the most 
widely used staging scheme worldwide, particularly in the 
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West (6). The BCLC integrates tumor-, patient-, and liver 
disease-related factors into an algorithm that yields four 
HCC stages, and proposes distinct treatment approaches 
for each.

According to the BCLC, the presence of multinodular 
disease, portal vein invasion, or performance status 1 or 
2 is enough to classify the patient as having intermediate 
or advanced disease; palliative care is then indicated. 
The presence of portal hypertension rules out resection 
as a treatment alternative, directing patients to liver 
transplantation or ablation (4,6).

However, the Barcelona Classification has been the 
target of criticism. Some authors question the limit imposed 
by the Milan criteria for liver transplant selection, as 
satisfactory outcomes have been obtained with the San 
Francisco criteria (7). Likewise, until recently, the BCLC 
contraindicated transplantation in patients with advanced 
liver disease (Child C), even those with early-stage tumors. 
In 2018, the BCLC became more flexible and clear, stating 
that Child C patients should be transplanted if they meet 
the Milan criteria (8). This latest update notwithstanding, 
given its strict patient selection criteria, the BCLC is still 
difficult to follow in daily clinical practice.

Several Asian centers recommend more aggressive 
approaches to HCC, mainly aiming at surgical resection. 
Thus, they disregard many BCLC recommendations, 
pushing the boundaries of their treatment methods and 
achieving satisfactory outcomes (9).

In 2014, Yau et al., published the experience of the 
University of Hong Kong in creating a model for 
classification and treatment of Asian patients with HCC, 
which became known as the Hong Kong Liver Cancer 
(HKLC) prognostic classification system (10). Analysis of 
their results revealed better stratification of patients at more 
advanced stages of the disease, culminating in a higher 
survival rate due to more aggressive treatment methods (10).

According to the HKLC classification, intrahepatic 
vascular invasion alone does not contraindicate surgical 
resection, nor does tumor multicentricity. In addition, the 
combination of advanced liver disease (Child C) and early 
tumor without extrahepatic vascular invasion or metastases 
still leaves patients eligible for liver transplantation (10).

Studies have already evaluated the outcomes of resection 
in patients with HCC and vascular invasion. Pawlik  
et al. (11), in a multicenter study, showed that, despite the 
poor prognosis associated with hepatic vascular invasion, 
surgical resection with removal of the affected vessel still 
confers greater survival than palliative care or watchful 

waiting. Likewise, Ikai et al. (12) demonstrated the 
superiority of surgical resection in this group of patients 
compared to palliative treatment.

Thus, several factors—related to the tumor, the patient, 
and the overlying liver disease—must be considered jointly 
when assessing prognosis. Treatment must be individualized, 
especially in those patients with intermediate-stage disease, 
for whom there is still no absolute truth. In this group, 
recent studies have called for a more aggressive treatment 
strategy, be it through resection, liver transplantation, 
locoregional therapies, or a combination thereof.

Resection

Liver resection is still the most effective treatment modality 
for HCC, with 5-year survival rates ranging from 50% to 
70%, and is also a useful approach when waiting lists for 
liver transplantation are long. Underlying chronic liver 
disease or cirrhosis is present in 80% to 90% of patients 
who develop HCC. Thus, careful assessment of liver 
function is mandatory for correct decision-making.

The Child-Turcotte-Pugh score is a simple, easy-to-use, 
and straightforward method to evaluate liver function on 
the basis of clinical and laboratory data alone (13). Patients 
classified as Child A can potentially tolerate liver resection, 
but the score is not precise enough to predict postoperative 
liver failure (14). The MELD score, initially developed 
to predict survival in patients with portal hypertension 
undergoing transjugular intrahepatic portosystemic 
shunting, has become a popular method to determine liver 
resection risk worldwide; in patients with a MELD score 
<10, resection can be performed safely (15). The Child 
and MELD scores are useful tools; however, they lack 
precision to evaluate liver function. In Asian countries, the 
indocyanine green clearance (ICG) test is used routinely 
before liver resection and is considered most refined and 
precise method to evaluate liver function. Some centers 
have shown that ICG retention <14% within 15 minutes of 
IV injection allows major liver resection (16,17).

Evaluation of future liver remnant volume (FLRV%) is 
a very important test for patients who will undergo major 
liver resection. To avoid postoperative liver failure, the 
target FLRV% is 40% for patients with chronic liver disease 
or those with previous chemotherapy exposure and 30% for 
those without chronic liver disease (18). The presence of 
portal hypertension in cirrhotic livers is still controversial, 
but several centers are now willing to perform minor liver 
resections in Child A and more selective ones in Child B 
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patients with MELD <11.
Anatomical resection, where entire segments, sectors, 

or a lobe of the corresponding portal pedicles are resected, 
has been proposed as the ideal treatment for HCC because 
tumor spread occurs principally through the portal vein; 
thus, en bloc resection of the tumor and its portal vein 
territory may lead to better oncologic outcomes (19,20). 
However, in patients with chronic liver disease and cirrhosis, 
parenchyma-sparing resections sometimes are necessary 
to avoid postoperative liver failure. In small peripheral and 
well-differentiated HCC, studies have shown similar results 
with anatomic and non-anatomic resections (20).

Of all the staging systems available to date, the BCLC 
is the most popular staging system worldwide for decision-
making in HCC management (8) (Figure 1). However, as 
noted above, its applicability is being questioned, especially 
in patients from Asian nations. The HKLC staging system 
introduced in 2014 has become very attractive, especially for 
surgeons, as it provides for a wider range of therapies with 
curative intent. HKLC staging uses an approach similar 
to that of the BCLC system to classify patients into nine 
stages (five major stages), but recommends more aggressive 
treatment for stages I and II, particularly in those with 
preserved performance status (10) (Figure 2). In contrast, 

Figure 1 Barcelona clinic liver cancer (BCLC) staging and treatment strategy. *, Patients with end-stage cirrhosis due to heavily impaired 
liver function (Child-Pugh stage C or earlier stages with predictors of poor prognosis or high a MELD score) should be considered for liver 
transplantation. In these patients, hepatocellular carcinoma might become a contraindication if it exceeds enlistment criteria. †, currently, 
sorafenib followed by regorafenib has been shown to be effective. Lenvatinib has been shown to be non-inferior to sorafenib, but no second-
line option after lenvatinib has been explored.
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per BCLC staging, surgical resection is offered as a curative 
treatment option only for stage A patients.

Several authors have proposed that the BCLC options 
for intermediate/advanced HCC should be improved. 
Torzilli et al. (21), in a large, multicenter analysis of 2,046 
resected HCC patients, reported that surgical resection is 
a potential tool for patients with multinodular, large, and 
macrovascular invasive HCC. Zhong et al. (22) reported a 
single-center experience with 1,259 consecutive resections 
for BCLC stage B/C patients, with similar findings.

Bhandare et al. (23) achieved long-term survival with 
liver resection in BCLC A and B patients, as well as in 
BCLC C if well selected (with good performance status 
and Child score). The median resected tumor size was  
7 cm (range, 2–30 cm), and most of these patients would 
otherwise have fallen outside LT criteria. Three-year overall 
survival at stages A, B, and C was 55.2%, 62.6%, and 37.5% 
respectively.

Vauthey et al. (24), in an expert consensus meeting, 

suggested a few statements pertaining to the HCC staging 
debate:
	Based on current knowledge and experience, no 

single staging system is applicable to all patients with 
HCC.

	The use of regional staging systems is discouraged, 
because it precludes comparison between centers.

	In medical patients with advanced liver disease 
who are not candidates for liver transplantation or 
resection, the Barcelona Clinic Liver Cancer (BCLC) 
classification is appropriate.

	There is significant heterogeneity within stage B and 
C of the BCLC classification; thus, resection may 
be considered for some of these patients. Overall, 
BCLC criteria provide a reasonable guide for 
treatment, considering the caveat regarding stage B 
and C patients.

	The American Joint Committee on Cancer/Union 
for International Cancer Control (AJCC/UICC) 

Figure 2 Hong Kong Liver Cancer (HKLC) prognostic classification. Early tumor: 5 cm, up to three tumor nodules and no intrahepatic 
venous invasion; intermediate tumor: (I) 5 cm, either >3 tumor nodules with intrahepatic venous invasion or (II) >5 cm, three tumor nodules 
and no intrahepatic venous invasion; locally advanced tumor: (I) 5 cm, >3 tumor nodules and intrahepatic venous invasion, or (II) >5 cm,  
>3 tumor nodules and/or intrahepatic venous invasion, or (III) diffuse tumor (10). EVM, extrahepatic vascular invasion/metastasis. 
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classification is valid for HCC staging based on 
single and multicenter studies in the West and East, 
including Japan and China, for patients undergoing 
liver resection. It is useful in patients with a normal 
liver or chronic liver disease when coupled with the 
fibrosis score.

	Following resection or liver transplantation, report 
pathological outcomes using the AJCC/UICC system.

	In the future, incorporation of recently described 
biomarkers (VEGF plasma level and DNA index) 
may improve preoperative staging.

Portal vein tumor thrombus (PVTT), a complication 
of advanced HCC, is detected in 10–60% of patients with 
HCC at the time of diagnosis (25) and plays an important 
role in prognosis and clinical staging (26). Once PVTT has 
developed and progressed into the contralateral bifurcation 
or main trunk of the portal vein, obstruction by the tumor 
thrombus usually promotes disease progression, aggravates 
portal hypertension and its related complications, depletes 
liver function reserve, and induces tolerance to antitumor 
treatment. Moreover, when the primary tumor invades the 
portal venous system, HCC cells become distributed along 
the branches of the portal vein and spread to adjacent liver 
segments, leading to invisible intrahepatic metastasis, which 
is widely accepted as a major mechanism contributing to 
early intrahepatic recurrence (27). The prognosis of patients 
with HCC and PVTT is extremely poor, with a median 
survival period of only 2.7–4 months, versus 10–24 months 
in patients without PVTT (28,29). Cheng’s classification 
and the Japanese VP classification are widely used in clinical 
practice for patients with PVTT (12,30,31) (Table 1).

The 2016 edition of the Chinese expert consensus on 
multidisciplinary diagnosis and treatment of hepatocellular 
carcinoma with portal vein tumor thrombus (29) approves 
primary resectable HCC and Cheng’s I–III type PVTT 
as potential candidates for liver resection, preferentially 

with adjuvant therapies such as preoperative radiotherapy 
or postoperative TACE. The Hong Kong Consensus 
Recommendations on the Management of Hepatocellular 
Carcinoma (10), published in 2015, highlighted that 
intrahepatic  vascular  invasion is  not an absolute 
contradiction for liver resection in selected patients 
with Child-Pugh A liver function and tumor size ≤5 cm. 
Similarly, the Liver Cancer Study Group of Japan 2014 
Update JSH Consensus-based Clinical Practice Guidelines for 
the Management of Hepatocellular Carcinoma (32) encourage 
surgical resection as feasible for selected patients with 
type VP1–3 PVTT and Child-Pugh A liver function. 
Moreover, in the APPLE 2014 consensus statement (33), 
10 top Asian experts from 10 institutions voted that portal 
venous invasion should not be defined as an absolute 
contraindication for surgical resection; the final vote was 
unanimous.

The controversy of liver transplantation with 
extended HCC criteria

Initial attempts at LT for HCC were disappointing due to 
high recurrence and poor survival rates (34,35). In 1985, 
the Starzl group (34) reported a recurrence rate of 75% 
in patients who had had LT for hepatic malignancies and 
lived for at least 2 months after LT. Bismuth et al. (35) 
reported a 3-year survival rate of 47% in 60 LTs for patients  
with HCC.

The Milan criteria were a watershed moment for LT in 
HCC. Since 1996, those criteria have been used by most 
centers worldwide. Patients who met the Milan criteria 
and underwent LT had comparable post-transplant survival 
rates to patients transplanted for non-tumor indications (36).

Many studies seeking to expand the Milan criteria are 
based on the idea that they are very restrictive, and thus 
exclude a significant number of patients with who might 
benefit from LT. Indeed, per the Milan criteria, only 6% of 
patients with HCC would be eligible for LT. Accordingly, 
many centers worldwide have attempted to expand the 
Milan criteria while maintaining similar post-transplant 
survival rates (37).

Various selection criteria with different concepts have 
been proposed to expand the Milan criteria (38-46). The 
first consistent expanded criteria was from the University 
of California San Francisco (UCSF), created by Yao  
et al. (47) in 2001. Based on pathologic data from 70 
patients transplanted for HCC, they extended the selection 
criteria to: one tumor ≤6.5 cm in diameter, or two to three 

Table 1 Cheng’s classification of portal vein tumor thrombus 
(PVTT) (31)

Types Thrombus extension

Type I0 Formation found under microscopy

Type I Involving segmental branches of portal vein or above

Type II Involving right/left portal vein

Type III Involving the main portal vein trunk

Type IV Involving the superior mesenteric vein
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tumors each ≤4.5 cm in diameter and a total diameter of  
≤8 cm (47). Patients within the UCSF criteria had 1-and 
5-year survival rates of 90% and 75%. However, patients 
beyond the criteria had a 1-year survival of 50% (48). Such 
results were later validated in the same center prospectively, 
on the basis of pre-LT imaging. The 5-year recurrence 
rate was only 9.1%, and the recurrence-free survival rate 
was 80.7%. More recently, the United Network for Organ 
Sharing database was used to validate the UCSF criteria. 
In this large-scale analysis, survival of 59 patients beyond 
the Milan criteria but within the USCF was noninferior to 
that of 1,913 patients within the Milan criteria (1-, 2-, 3- 
and 4-year survival rates: 91%, 80%, 68%, and 51% versus 
89%, 81%, 76%, and 72%, respectively, P=0.21) (49).

Mazzaferro et al. (50) have suggested a modified set, 
known as the “Up-to-seven” criteria, based on a web survey 
of patients beyond the Milan criteria transplanted for 
HCC. They extended the criteria up to seven tumors with 
a sum size of the largest tumor of 7 cm, using the so-called 
“Metroticket” concept. Patients within the Up-to-seven 
criteria without microvascular invasion had a 5-year overall 
survival rate of 71%, which was comparable to previous 
results based on the Milan criteria (50). Zou et al. (49), in 
2008, analyzed 303 transplants and described three risk 
factors for fatal recurrence after LT for HCC:

(I)	 Macrovascular invasion;

(II)	 Tumor size >6.5 cm;
(III)	Alpha-fetoprotein >1,000 mcg/dL.
The recurrence rate was 85.7% if all three risk factors 

were present, 37.84% if two risk factors were present, and 
13.64% if only one risk factor was present. When any risk 
factor was involved, the recurrence rate was 6.71%.

Dendy et al. (51) were the first to report two successful 
cases of patients with HCC who underwent LT for PVTT 
after downstaging with yttrium-90 radioembolization, 
in 2017, Levi Sandri et al.  (52) also reported four 
cases of PVTT who underwent LT after yttrium-90 
radioembolization. Both reports (51,52) described LT in 
BCLC stage C (advanced) HCC.

In the author’s country, Brazil, the transplant law applies 
the Milan criteria to allocate special MELD points to 
patients, and cadaver grafts cannot be allocated to recipients 
outside the Milan criteria. Nevertheless, living-donor liver 
transplantation (LDLT) is not forbidden, and centers are 
free to perform LDLT in patients with beyond-criteria 
HCC. In this context, the author’s team has attempted 
to use biological markers, such as alpha-fetoprotein level 
<800 mg/dL, PIVKA below 400 mcg/dL, and tumor biopsy 
differentiation G1 or G2, to support such procedures. Using 
this strategy, more than 14 LDLTs have been performed in 
patients with extended-criteria HCC, with zero recurrences 
since 2010.

A B

Figure 3 Living-donor liver transplantation (LDLT). Right lobe (A) with MHV graft (B). 
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In July 2017, the authors performed rescue LDLT 
using a right lobe (Figure 3A) with middle hepatic vein 
(MHV) (Figure 3B) graft in a cirrhotic Child A patient 
who had undergone associated liver partition and portal 
vein ligation for staged hepatectomy (ALPPS) for a  
13-cm HCC and developed liver failure 3 weeks later 
(Figure 4). The alpha-fetoprotein level was 8.5 mg/dL, and 
biopsy showed a G1 tumor. As of August 2018, the patient 
is doing well, with no signs of recurrence.

In summary, the surgical treatment of advanced HCC 
has a pivotal role to play in patient survival. Use of the 
BCLC staging system, with its highly restrictive rules, 
tends to limit treatment options for more advanced tumors. 
The HKLC staging system is more flexible and evaluates a 
broader range of parameters, but is still not very practical, 
and may exclude good potential candidates for LT or liver 
resection. Individualization of treatment approaches driven 
by the latest evidence, with usage of multidisciplinary teams 
(comprising hepatologists, HPB surgeons, oncologists, 
anesthetists) and locoregional liver donor offers, is the 
best strategy for patients with advanced HCC. Yttrium-90 
radioembolization may also have an important place in 
downstaging advanced HCC before liver resection and 
transplantation.

Resection of large HCCs in the non-cirrhotic 
liver

A long-outdated concept, recently endorsed by current 
EASL guidelines, is that liver resection is the treatment 
of choice for HCC in non-cirrhotic patients. Survival in 
this group of patients after hepatic resection ranges from 
35.9% to 86.6% (53-73). Many series about this subject are 

retrospective, and differences in survival outcomes between 
them have mostly been due to inclusion of non-comparable 
populations (different etiologies of liver disease, wide range 
of fibrosis severity, year of publication, etc.). The prevalence 
of hepatitis B (HBV) and C (HCV) virus varies between 
regions (with B-virus infection more common in Eastern 
countries and the C virus in Western ones), as are alcohol-
related and non-alcoholic liver disease; this may play a role 
in outcomes after liver surgery. Some studies have shown 
that HBV carriers appear to have better survival than those 
with HCV (64,74), and that presence of underlying viral 
hepatitis is associated with worse overall survival (59,67) 
compared to non-carrier status. Other main prognostic 
factors associated with worse overall survival after hepatic 
resection in major series have been: advanced age (57,58,68), 
low albumin level (<3.5 g/dL) (53,64), large lesions (>5, 
>7, or >8 cm) (53,69,71,73), absence of capsule (66,71), 
presence of satellite lesions (53,66,71), vascular invasion 
(53,56,59,63,67,69,71,73), blood transfusion (57,64,66,68), 
high-grade tumors (60,68), positive resection margins 
(63,67,70), multiple tumors (64,68), and presence of  
fibrosis (73,75).

Studies addressing the association between HCC and 
absence of cirrhosis have demonstrated that such tumors 
are often larger than those arising in cirrhotic livers. The 
average lesion size in this group of patients ranges from 5 
to 10.3 cm (53,54,56-58,60-62,65,66,70,71,73,74,76,77). 
Some explanations have been postulated. First, most 
cirrhotic patients are under active screening for HCC, 
while in non-cirrhotic patients, diagnosis is often made only 
after symptoms arise due to mass effect (abdominal pain, 
palpable mass, weight loss, etc.) or incidentally (53,76). 
Consequently, many of these patients are no longer eligible 
for LT at the time of diagnosis, leaving resection as the sole 
procedure with curative intent.

Second, as non-cirrhotic patients have better liver 
function, they can be offered major procedures with 
a greater assurance of safety. The consequence of the 
disparities in pathological characteristics and liver function 
between cirrhotic vs. non-cirrhotic patients is that some 
publications actually demonstrate comparable survival 
outcomes in both groups. However, when comparing 
groups using comparable tumor characteristics (for example, 
patients within the Milan criteria), survival outcomes are in 
favor of non-cirrhotic patients (54,55). This is corroborated 
by a systematic review and meta-analysis published by 
Zhou et al. (78). Multicentric de novo carcinogenesis due 
to cirrhosis seems to be the main cause of recurrence, and 

Figure 4 Final appearance after associated liver partition and 
portal vein ligation for staged hepatectomy (ALPPS). 
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thus, poorer survival outcomes in the cirrhotic group (55).
Postoperative outcomes demonstrate that surgery in 

non-cirrhotic patients is usually safe, with a mortality rate of 
0.7–7.9% (53,54,57,58,60,62-70,71,73,79); the major causes 
of death are post-hepatectomy liver failure (PHLF), sepsis, 
and cardiorespiratory problems (myocardial infarction, 
pulmonary embolism, etc.) (53,60,66,67,69,70,73). 
Conversely, the complication rate is often high, ranging 
from 22% to 43% (57,58,60,62,63,65-68,70,71,73). This 
may be explained by the high rate of major liver resections 
in non-cirrhotic patients, which exceeds 50% in some 
series (67,68,70,72). The main complications reported were 
PHLF, sepsis (pneumonia, abdominal collections), bile 
leakage, and pleural effusion (57,63,65-67,70,71).

Although outcomes in terms of overall survival are better 
in patients with preserved liver function, recurrence rates 
are still high, ranging from 35.9% to 59.5% (53,54,56-
58,60,61,63,64,66,68-71,73,79). Most recurrences arise 
in the first 2 years after resection (54,73), but can occur 
up to 5 years later, which makes prolonged postoperative 
surveillance essential (69). Prognostic factors associated 
solely with recurrence in some studies were: multiple 
tumors (53,68,69), tumor size >5 cm (69), satellite  
nodules (69), HCV infection, and vascular invasion (63). 
Most recurrences are intrahepatic (53,58,60,63,66,68-
71,79). Some authors have demonstrated that potentially 
curative treatments can be pursued in these patients, 
with around 20% to 40% being amenable to consecutive 
procedures (53,58,63,69,73), and that good outcomes can 
be achieved with such aggressive management. Shrager 
et al. (53) achieved a median survival of 50 months after 
resection/ablation of intrahepatic recurrences, and Chiche 
et al. (69), 104 months after surgical therapy of intra- and 
extrahepatic metastases. Extrahepatic recurrences are most 
commonly observed in the lungs, bones, adrenal glands, 
peritoneum, lymph nodes, and brain (53,58,60,67,69-71).

Whether the size of the lesion itself is a prognostic factor 
for survival has been a matter of debate. Tumor size seems 
to be a surrogate of more aggressive disease, as it represents 
a higher prevalence of vascular invasion (80-84). As noted 
by Vauthey et al. (82) and corroborated by others (83), when 
selecting only patients with single tumors without vascular 
invasion on anatomopathologic analysis, lesion size itself 
was not a prognostic factor. Lim et al. (83), in their series 
of more than 600 resections for single HCC, showed that, 
above 5 cm, there was no impact of lesion size on overall 
survival or recurrence-free survival; specifically, patients 
with lesions >10 cm had a 5-year OS of 53%. Similar results 

were found by Kluger et al. (84). In large HCCs, imaging 
patterns may have a role in defining prognosis. Yang  
et al. (85) demonstrated that patients with HCCs >5 cm 
with an intact capsule or pseudocapsule and no identifiable 
satellite nodules have the same long-term outcomes as 
patients with tumors ≤5 cm. Lu et al. also reported that, 
for large, solitary, HCCs with an identifiable capsule on 
magnetic resonance imaging, survival and response to 
ablation therapies were higher than in unencapsulated 
tumors (86).

Specifically regarding huge HCCs (those measuring  
>10 cm), 5-year survival ranges from 18.2% to 51.6%  
(87-96), and recurrence rates are as high as 76% (95) after 
resection. Postoperative 90-day mortality is extremely 
variable, ranging from 2.5% to 18.2% (88-90,92,94). As 
noted before, in huge HCCs the presence of cirrhosis is 
independently associated with worse survival outcomes 
(87,88,90,91). Ng et al. (88) identified no 5-year survivors 
in cirrhotic patients with huge HCCs; thus, this subgroup 
should be evaluated cautiously before resection. On the 
other hand, 40% of non-cirrhotic patients achieved long-
term survival. Other independent prognostic factors 
associated with impaired outcomes in this group are 
vascular invasion (87,91,94,95), multiple tumors/satellite 
nodules (87,91,94,95), and poor differentiation (87,88). 
Despite worse long-term outcomes overall, the group 
of patients with huge HCCs is very heterogeneous. Lim  
et al. (89) demonstrated that the BCLC correlates well with 
long-term results in these patients, as BCLC A patients 
(those with solitary tumors) demonstrated much better 
OS than BCLC C patients (those with PVTT): 81.7 vs.  
4.8 months, respectively.

As previously mentioned, major procedures are often 
needed in non-cirrhotic patients due to their large lesions. 
However, surgeons often face the problem of insufficient 
FLRV% at preoperative evaluation. There is a consensus 
that, to avoid PHLF, the most important complication after 
liver surgery, FLRV% should be at least 20% in healthy 
livers (97). In those with parenchymal damage, things are 
less clear. The minimum acceptable FLRV% ranges from 
30% to 35% in early cirrhosis and mild steatosis to at least 
50% in cirrhotic patients without functional impairment 
(measured in some studies by ICG retention at 15 min) or 
portal hypertension (98). Efforts should be made to ensure 
that these patients, deemed unresectable due to insufficient 
FLRV%, can still be considered for major liver procedures. 
The prognosis in non-cirrhotic patients receiving palliative 
care due to advanced disease not amenable to potentially 
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curative procedures is dismal (median survival, 7 to  
22 months) (56,61,76,99).

Several strategies to improve FLRV% and make liver 
resection safer have been proposed in the literature. Portal 
vein embolization (PVE) was one of the first and most 
widely used strategies for this purpose. Farges et al., in the 
first prospective trial addressing this issue, demonstrated 
that performing PVE before right hepatectomy for HCC 
with chronic liver disease was associated with fewer 
complications and shorter hospital stays (100). A systematic 
review by Glantzounis et al. (101) showed a median excision 
rate of 90% after PVE in included studies, and another 
review by Tustumi et al. (102) demonstrated that mean 
FLR hypertrophy was 31%. One important point about 
this strategy is that failure to achieve adequate post-PVE 
hypertrophy predicts a high risk of PHLF and death, as it 
indicates inability of the liver parenchyma to regenerate, 
therefore contraindicating major resection (101). Ribeiro 
et al. (103) showed that <5% hypertrophy after PVE is 
associated with a high risk of liver-related complications and 
90-day mortality.

Transarterial chemoembolization (TACE) has been 
proposed as a strategy to improve FLRV% and control 
possible HCC growth in those undergoing PVE. As is 
widely known, HCC lesions have their blood supply 
maintained almost exclusively by arteries, and obliteration 
of the ipsilateral portal vein could increase arterial flow 
and lead to tumor growth (104). Again, a systematic review 
and meta-analysis by Tustumi et al. (50) demonstrated 
superiority of TACE + PVE over PVE/PVL by allowing a 
higher resection rate (14% higher) and increasing overall 
survival after HCC resection.

Another option that has been proposed in recent 
cohorts to overcome this problem is the ALPPS procedure. 
Publications about this new strategy are scarce, cohorts have 
been small—as of the time of writing, the largest series had 
45 patients, reported by Wang et al. (105)—and results have 
been conflicting as to postoperative outcomes. Mortality 
ranges from 11.1% to 50% (105-110), while the rate of 
PHLF after the second stage ranges from 25% to 58.5% 
(105-107,109). Some centers (105,107,109) demonstrated 
that FLR hypertrophy correlated negatively with severity 
of fibrosis; lower rates were found in patients with cirrhosis 
(105,109). Indeed, some series show that, compared to 
the results achieved in patients with liver metastases 
from colorectal cancer, ALPPS for HCC provides worse 
outcomes (109). Although it seems reasonable to propose 
this approach in patients not amenable to other strategies, 

due to the increase in FLR achievable in a short time 
even in diseased livers (111,112), long-term outcome data 
are lacking, and this strategy should be approached with 
caution. Encouraging results have been reported by Wang 
et al. (105), with 3-year OS and DFS rates of 60.2% and 
43.9% respectively, despite still-high postoperative mortality 
(11.1% in the overall cohort) and PHLF rates (58.5% after 
the second stage). Also, a propensity score-matched analysis 
was conducted to compare the results with those achieved 
after TACE and single-stage hepatectomy. Overall survival 
was much better compared to TACE (7.1% at 3 years), and 
comparable to that of a one-stage procedure.

Last but not least, another surgical approach for non-
cirrhotic patients that is rarely investigated in the literature 
due to controversial outcomes is LT. Publications in the 
1990s reported very poor transplantation outcomes in 
non-cirrhotic patients, with 5-year OS ranging from 
11% to 27.1% (113-115). One important finding in 
these publications is that more than half of patients were 
considered to have advanced tumors (multiple bilobar 
lesions or major vascular invasion), which may have biased 
outcomes unfavorably. Much later, in 2012, Mergental  
et al. (116) showed better results after LT in patients with 
non-resectable HCC and no underlying liver disease; the 
5-year survival rate was 43%, although data on recurrence 
was not clear. A subgroup of patients undergoing salvage 
LT for recurrence after resection achieved comparable 
results (58% 5-year OS). Most importantly, selected 
patients without macrovascular invasion or hilar lymph 
node metastasis achieved a 5-year survival rate of 59%; in 
those selected for salvage LT who had recurrence at least 
12 months after resection, 5-year survival was 71%, making 
this the ideal setting in which to propose transplantation.

Systemic therapy

As HCC usually occurs in the cirrhotic liver, it combines 
two serious clinical conditions in the same patient: a 
malignant tumor and significant hepatic impairment. Thus, 
especially in cases of advanced disease, antitumor treatment 
must be not only effective but also safe, as reduced liver 
reserve can be a determinant of its failure.

Sorafenib, a multikinase inhibitor with antiproliferative 
and antiangiogenic activity, was the first drug approved 
by the Food and Drug Administration (FDA) for patients 
diagnosed with advanced (BCLC C) HCC. The SHARP 
trial (117), conducted in the West, included 602 patients 
randomized to receive sorafenib or placebo and reported 
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longer median survival with sorafenib (10.7 vs. 7.9 months; 
P<0.001). This increase in survival was confirmed in an 
East Asian study (118) of 226 patients, which reported 
a median survival of 6.5 months with sorafenib vs.  
4.2 months with placebo (P=0.014). Together, these two 
studies revolutionized treatment strategies for HCC. 
Patients with compensated cirrhosis and metastatic tumor 
and/or PVTT, for whom no therapeutic options were 
previously available, have since become candidates for 
sorafenib therapy.

Over time, clinical experience with sorafenib has 
consolidated and the medical community has learned to 
control its adverse effects and expand the range of patients 
eligible for its use. This experience was best translated into 
the GIDEON real-life study (119), which found sorafenib 
to be safe for use in patients with advanced (Child-Pugh 
B) HCC. In clinical practice, this drug has been used in 
BCLC B and/or Child-Pugh B patients for years. A recent 
Brazilian study (120) evaluated the real-life use of sorafenib 
in real life and reported excellent outcomes. In a general 
sample of 572 patients with HCC, the authors found that, 
among patients with indications for sorafenib who received 
the drug, 1-year survival was significantly greater than in 
those who did not receive it (88.7% vs. 44.4%, P<0.001). 
There was no difference in survival between Child-Pugh A 
vs. B or between BCLC C vs. B patients.

On the other hand, as sorafenib therapy requires 
moderately preserved hepatic function and may be limited 
by adverse effects, several attempts have been made 
in recent years to develop a new option for the first-
line treatment of advanced HCC. Sunitinib, brivanib, 
linifanib, and erlotinib, among other targeted agents, 
were unsuccessful (121). The first drug to be effective 
in this setting was lenvatinib. Recently, a randomized 
noninferiority trial comparing lenvatinib to sorafenib in a 
sample of 954 Child-Pugh A patients with advanced HCC 
was published (122). Treatment was continued until disease 
progression, toxicity, or withdrawal of consent. Median 
OS was 13.6 months with lenvatinib and 12.3 months with 
sorafenib, reaching the established noninferiority margin.

Options for second-line treatment after sorafenib, 
both for intolerant patients and for patients with tumor 
progression, were also nonexistent until recently. The first 
agent approved by the FDA for salvage use was regorafenib. 
The RESORCE study (123) randomized 573 Child-Pugh 
A patients who tolerated but progressed on sorafenib to 
receive oral regorafenib or placebo. Median survival was 
10.6 months in the regorafenib group vs. 7.8 months in the 

placebo group (P<0.001). It was recently estimated that 
21.6% of patients who fail sorafenib therapy may be good 
candidates for regorafenib salvage (120).

Some other second-line options for advanced HCC 
in Child-Pugh A patients have also been evaluated with 
positive results: nivolumab, cabozantinib, and ramucirumab. 
On the basis of a phase-II study, nivolumab, an intravenous 
checkpoint inhibitor, has received FDA approval for 
use in sorafenib-tolerant or non-tolerant Child-Pugh A 
patients with advanced HCC. This approval is provisional, 
however, pending the results of phase-III trials. The results 
of the CELESTIAL study, a phase-III clinical trial of the 
cMET inhibitor cabozantinib, were recently presented. 
The authors evaluated 760 patients (124), randomized to 
receive either cabozantinib or placebo. Median survival was 
approximately 10.2 vs. 8 months (P=0.0049). The REACH 
phase-III trial (125) evaluated ramucirumab as an option 
for salvage therapy after sorafenib failure. Efficacy was 
demonstrated in patients with an alpha-fetoprotein level 
≥400 ng/mL, which may represent the first-ever successful 
personalized treatment for patients with advanced HCC. 
To date, there are no options for second-line treatment in 
patients who have failed lenvatinib.

In short, systemic therapy can provide good outcomes, 
which justifies its indication in the treatment of advanced 
HCC. Furthermore, recent studies have expanded the 
armamentarium beyond sorafenib. In fact, the latest version 
of the BCLC classification (8) replaced its recommendation 
of “sorafenib” with the broader term “systemic therapy”, 
further consolidating evidence that survival in this group of 
patients can now exceed 1 year. It is expected that better-
designed studies, with patient stratification based on 
individual characteristics and combinations of agents, may 
make systemic therapy even more successful in future (126).

Locoregional therapies in advanced HCC

HCC corresponds to more than 90% of primary liver 
cancers. As noted above, the BCLC classification is 
widely accepted for tumor characterization and definition 
of therapeutic approaches (127). Nevertheless, there is 
significant heterogeneity among HCC patients, especially 
at the intermediate and advanced stages. Optimal 
management of HCC requires a multidisciplinary approach 
that combines expertise in liver surgery, hepatology, 
interventional radiology, and medical oncology.

Locoreg iona l  therap ies  (LRT)—transar ter ia l , 
percutaneous, or both—are currently the first-line 
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treatment of choice for intermediate (BCLC B) tumors, 
producing survival benefits and favorable response rates 
without significant complications (117,127,128). LRT is 
considered the standard of care in BCLC B patients who 
have preserved liver function and large or multinodular 
disease without portal vein thrombosis or extrahepatic 
metastasis.

On the other hand, advanced disease (BCLC C) is 
generally considered a contraindication to transarterial 
approaches. Currently, sorafenib and other targeted agents 
are the standard treatment for advanced HCC, especially 
in cases with microvascular invasion (MVI) or extrahepatic 
disease, or even in refractory disease after LRT; it is 
recommended by the National Comprehensive Cancer 
Network (NCCN) guidelines for HCC (version 2.2016), 
depending on the patient’s overall functional status and liver 
function (117,127,128).

On the other hand, the recently updated AASLD 
guidelines stress that treatment selection may vary 
depend ing  on  the  e x t en t  o f  MVI ,  a l though  no 
recommendation can be made for systemic therapy over 
LRT or any one type of LRT over other modalities (128).

Two sorafenib registration trials have demonstrated 
improved survival with active intervention compared to best 
supportive care in advanced HCC, including patients with 
or without MVI (118,127,128).

However, poor outcomes have been reported with 
systemic therapies for BCLC C patients.

Therefore, LRT techniques have been increasingly 
studied and refined in this patient population, with 
encouraging results; highlights will be reviewed below.

Technical considerations

LRT encompasses at least six distinct modalities:
(I)	 Conventional transarterial chemoembolization 

( TA C E ) .  C o n v e n t i o n a l  t r a n s a r t e r i a l 
chemoembol iza t ion  (TACE)  invo lves  the 
catheter-based delivery of chemotherapeutic 
agents to tumor-supplying arteries, combined 
with embolization to reduce arterial inflow, 
thus prolonging the chemotherapeutic effect. 
Ethiodol is usually used as an emulsifying agent 
due to its preferential ability to reach tumor 
cells, delivering chemotherapeutic agents and 
inducing ischemia through vascular occlusion. 
Other embolic materials are also used in TACE, 

including Gelfoam, microspheres (Embozene® and 
Embospheres®), and polyvinyl alcohol (PVA) 
particles (118,129). Gelfoam is indicated for 
temporary vascular occlusion where recanalization 
is desired after a short duration. Microspheres and 
PVA particles are indicated for more permanent 
vascular occlusion (129).

(II)	 Bland embolization (TAE). Bland embolization, 
known as TAE, relies solely on induction of 
ischemia within the tumor. However, the ischemia 
caused by TAE without tumoricidal agents may 
theoretically trigger peritumoral angiogenesis and 
paradoxical tumor growth with metastatic spread.

(III)	 Drug-eluting beads transarterial chemoembolization 
(DEB-TACE) was developed to increase levels 
of chemotherapy concentrated within the tumor. 
Embolic particles which interact ionically with 
doxorubicin can gradually release the drug over 
time when administered (drug-eluting beads). The 
kinetics of drug elution from the beads after delivery 
vary depending on the osmolarity of the tumor bed, 
drug concentration, and bead size (127,129).

(IV)	 Radioembolization (RAE) is a catheter-based 
approach for delivery of beads radiolabeled with 
yttrium-90 (90Y) directly into the tumor bed. 
However, there are no studies demonstrating a 
significant impact on survival. Also, there is no 
consensus as to the optimal use of this therapy, 
particularly when and if it should be chosen 
over TACE for treatment of unresectable HCC. 
RAE may be preferred over TACE is in the 
setting of an HCC complicated by malignant 
main or lobar-branch PVTT. Theoretically, 
RAE induces less arterial ischemia than TACE 
because of its smaller particle size (32 versus  
70–300 microns), which suggests it should be safer 
in the setting of portal vein thrombosis. Compared 
to TACE, rates of severe adverse effects with RAE 
appear to be low (130).

(V)	 Radiofrequency ablation (RFA). This technique 
induces coagulation necrosis by tumor-directed 
puncture with an 18-gauge needle. It is more 
effective in lesions <5 cm, but also can be used 
in combination with other techniques for larger 
lesions.

(VI)	 Hepatic arterial infusion chemotherapy (HAIC). 
HAIC involves repeated arterial infusions of 
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chemotherapeutic agents through a port attached to 
tumor-feeding arteries. Currently, two regimens are 
available: intra-arterial low-dose cisplatin combined 
with 5-fluorouracil with or without subcutaneous 
interferon, usually recombinant interferon alfa-2b 
(131,132).

As systemic therapies have long shown little survival 
benefit and considerable side effects in advanced HCC, 
many authors have studied LRT in this setting.

Kirstein et al. showed that TACE is noninferior to 
sorafenib in patients with advanced disease. They compared 
98 patients receiving sorafenib to 74 undergoing TACE, 
and found similar median overall survival (132).

A retrospective, observational study compared TACE 
alone (n=295), TACE with radiation (n=196), and sorafenib 
alone (n=66) in advanced HCC with portal vein thrombosis. 
The TACE-alone group had a longer median time to 
progression (TTP) (3.4 vs. 1.8 months; P<0.001) and OS (5.9 
vs. 4.4 months; P=0.003) (133).

Choi et al. compared TTP and OS in patients with 
advanced HCC who received sorafenib plus TACE vs. 
sorafenib monotherapy. Conventional ethiodol-based TACE 
plus sorafenib was performed in 164 patients; 191 received 
sorafenib alone. In the combined and monotherapy groups, 
respectively, 64.6% and 49.2% of patients had MVI, 87.8% 
and 91.1% had extrahepatic metastasis, and 54.3% and 47.1% 
had both. The median TTP and OS in the combined group 
were longer than in the monotherapy group. At univariate and 
subsequent multivariate analyses, additional TACE was an 
independent predictor of better TTP and OS (134).

In a meta-analysis of five comparative studies including 
899 patients, Wang et al. showed that TACE plus sorafenib 
can improve TTP, but does not appear to prolong OS (135).

In another meta-analysis, Cai et al. assessed OS, objective 
response, disease control rate, and adverse reactions in 
14 studies including 1,670 patients with advanced HCC. 
Compared with the TACE-alone treatment group, better 
prognosis and fewer adverse reactions were found with the 
combination of sorafenib plus TACE (136).

TACE plus sorafenib

Two studies provide further evidence for the combination 
of TACE plus sorafenib in patients with advanced HCC 
and PVTT. Zhang et al. retrospectively analyzed 45 patients 
treated with combination therapy and 45 treated with 
sorafenib alone. Median OS was equivalent (7.0 and 6.0 

months, respectively; P=0.544) (137).
Ha et al., in a retrospective study including 658 patients 

with advanced HCC, showed that, among 257 patients with 
portal vein invasion, survival was significantly longer with 
combination therapy (TACE plus sorafenib; 25.7 months) 
or TACE followed by sorafenib (14.0 months) than with 
sorafenib monotherapy (5.5 months) (138).

RAE

Safety and efficacy of RAE in patients with HCC, with or 
without MVI, has been reported in some studies. Research 
restricted to patients with HCC and PVTT reported direct 
comparisons of RAE vs. sorafenib (128,139).

Cho et al. showed similar OS results in 32 patients with 
PVTT without extrahepatic spread. They were treated with 
RAE and compared to 31 consecutively enrolled patients, 
also with PVTT without extrahepatic spread, who received 
sorafenib. However, the sorafenib group showed significantly 
more grade 3–4 adverse effects than the RAE group (140).

De la Torre et al. compared 26 patients with PVTT 
treated with RAE and 47 treated with sorafenib, with 
comparable baseline characteristics, also with similar OS 
results. Median survival was 8.8 months in the RAE group 
and 5.4 months in the sorafenib group (139).

TACE plus RFA

Peng et al. studied the synergistic cytotoxic effects of TACE 
combined with RFA. In a retrospective multicenter study, 
they found better overall survival rates, response rates, 
and TTP with combination therapy (TACE plus RFA and 
sorafenib) than with sorafenib alone in advanced HCC. The 
rationale for concurrent use of TACE plus RFA and sorafenib 
is based on inhibiting hypoxia-induced angiogenesis after 
TACE or RFA. However, patients with tumors >7 cm or 
more than five lesions were excluded from this study (141).

RFA plus sorafenib

A randomized controlled trial compared HCC and 
PVTT patients treated with sorafenib plus percutaneous 
RFA of both intraparenchymal HCC and PVTT versus 
sorafenib alone. Giorgio et al. analyzed 99 patients with 
Child A cirrhosis (49 in the combination group and 50 
in the sorafenib monotherapy group). Survival rates at 1, 
2, and 3 years were 60%, 35%, and 26%, respectively, in 
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the combination group and 37% and 0% at 1 and 2 years, 
respectively, in the sorafenib monotherapy group. At 
multivariate analysis, combination treatment was the only 
factor predicting survival (142).

HAIC plus sorafenib

Another randomized phase-II trial comparing sorafenib alone 
versus sorafenib plus LRT therapies was published by Ikeda 
et al. One hundred and eight patients with advanced HCC 
with or without MVI were randomized to receive sorafenib 
(n=42) or sorafenib plus HAIC with cisplatin (n=66). Median 
survival was 8.7 months in the sorafenib monotherapy group 
vs. 10.6 months in the combination group (P=0.031). In 
a subgroup analysis of patients with PVTT, combination 
treatment did not prolong OS (9.1 months) compared to 
sorafenib alone (7.1 months) (131).

Multimodal treatment including radiotherapy

In a retrospective study with propensity-score analysis 
comparing TACE plus radiotherapy (n=27) versus sorafenib 
(n=27) in patients with HCC and MVI, OS in the TACE-
plus-radiotherapy group was significantly prolonged 
compared to OS with sorafenib alone (143).

Another retrospective, observational, single-center study 
compared TACE alone (n=295), TACE plus radiation 
(n=196), and sorafenib alone (n=66) in patients with PVTT. 
Median TTP was longer in the TACE-plus-radiation group 
(5.1 vs. 1.6 months; P<0.001), as was overall survival (8.2 vs. 
3.2 months; P<0.001) (140).

TACE plus radiotherapy

Yoon et al. randomized 90 treatment-naive patients with 
liver-confined HCC and evidence of macroscopic vascular 
invasion to receive sorafenib (400 mg twice daily) or TACE 
(every 6 weeks) plus radiotherapy (within 3 weeks after 
the first TACE; maximum 45 Gy, fraction size 2.5–3 Gy). 
TACE plus radiotherapy was well tolerated and improved 
progression-free survival, ORR, TTP, and OS compared 
with sorafenib alone (143).

Critical considerations

Although LRT (alone or combined with RFA) is the 
standard protocol for patients with intermediate HCC, the 

heterogeneity of patients with this condition and the lack 
of standardization among TACE protocols means decision-
making is highly complex. Refinements in technique now allow 
treatment of patients with advanced HCC, which was formerly 
considered an absolute contraindication to LRT. Several 
studies have demonstrated the safety of TACE in PVTT.

However, LRT protocols in these studies have varied 
widely, even regarding inclusion of antiangiogenic therapies. 
As mentioned above, Peng et al. showed survival benefits 
involving TACE plus RFA and sorafenib compared with 
sorafenib alone in advanced HCC. In their protocol, TACE 
was performed with epirubicin, Lipiodol®, and absorbable 
gelatin sponge particles (141). Calibrated microspheres or even 
DEB-TACE might be used instead, perhaps to better effect.

Kirstein et al. reported similar outcomes with sorafenib 
vs. LRT in HCC with extrahepatic disease, but TACE 
modalities differed in the cohort; most patients were treated 
with TACE (n=49; 73.1%), followed by DEB-TACE (n=16; 
23.9%) (132).

Wang et al.  did not report which type of TACE 
procedure was performed in the studies included in their 
meta-analysis (136), nor did Wang et al. in theirs (135).

Feng et al. evaluated just how different chemoembolization 
protocols can be. In a systematic review, they found reports 
of 5-fluorouracil, Adriamycin, platinum, mitomycin C, 
hydroxycamptothecin, and combinations thereof in various 
studies of TACE (144).

Another systematic review and meta-analysis of 14 studies 
(3 RCTs and 11 observational studies) was performed by 
Finn et al. Only three of the included studies adequately 
characterized TACE techniques, each involving a different 
protocol (cisplatin infusion, epirubicin and Lipiodol®, and 
TAE with 150–500 micron PVA particles, respectively) (145).

There is a clear need for additional studies designed 
to provide higher levels of evidence and, mainly, greater 
standardization of the chemotherapeutic and embolic agents 
used before LRT can be said to have a definitive positive 
impact on survival rates in HCC.
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