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Recent advances in the surgical management of hepatocellular

carcinoma
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The incidence of hepatocellular carcinoma (HCC) is increasing, despite effective antiviral
treatment for hepatitis B (HBV) and C virus infection and the application of preventive measures
such as vaccination at birth against HBV infection. This is mainly due to the increase in metabolic
syndrome and its hepatic components, nonalcoholic fatty liver disease and steatohepatitis.
Liver resection and transplantation are the main treatment options, offering long-term survival
and potential cure. In this review, the recent advances in the surgical management of HCC are
presented. More specifically, the role of liver resection in the intermediate and advanced stages,
according to the Barcelona Clinic Liver Cancer classification, is analyzed. In addition, the roles
of minimally invasive surgery and of living-related liver transplantation in the management of
patients with HCC are discussed. Finally, recent data on the role of molecular markers in the early
diagnosis and recurrence of HCC are presented. The management of HCC is complex, as there are
several options for each stage of the disease. In order for, each patient to get the maximum benefit,
an individualized approach is suggested, in specialized liver units, where cases are discussed in
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Introduction

The incidence of hepatocellular carcinoma (HCC) is
increasing worldwide. HCC is the fifth most common cancer
and the second most common cause of death in men [1]. The
highest incidence is in Eastern Asia. HCC usually develops in
chronic liver disease where there is hepatic fibrosis, steatosis or
cirrhosis. Hepatocarcinogenesis is a long process that involves
several molecular mechanisms [2].

The main risk factors for developing HCC are chronic
active infection with hepatitis B (HBV) and C (HCV) virus,
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high alcohol intake, aflatoxin exposure, nonalcoholic fatty liver
disease (NAFLD), and nonalcoholic steatohepatitis. Despite
effective antiviral treatment for HCV and HBV, and preventive
measures such as vaccination at birth against HBV infection,
the incidence of HCC is increasing. The main reason for this is
the increase in obesity, metabolic syndrome, and NAFLD [3].
Surgery (liver resection and transplantation) is the main
treatment; it offers long-term survival with good quality of
life and potential cure. In order to achieve better results with
low perioperative morbidity and mortality, highly efficacious
anesthesia is required. There are many challenges and key issues
in the management of anesthesia in patients who undergo
hepatectomy for HCC [4]. It is critical to identify preoperative
risk factors, such as portal hypertension and cirrhosis,
because the underlying liver disease can lead to significant
complications [5]. Several effects on circulation, lung function,
renal function and coagulation have to be expected [5]. As a
rule, the restriction of fluids and low central venous pressure
are used to limit blood loss and transfusion requirements [5].
Pain management strategies have long been debated, with
the primary focus being on epidural analgesia [6]. Although
thoracic epidural anesthesia and analgesia are commonly used
for hepatectomies, there are concerns over their safety in view
of postoperative coagulation derangements [6], especially
in patients with HCC and often underlying liver cirrhosis.
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Alternative methods of postoperative analgesia, such as
intrathecal morphine have also been suggested [6]. Intrathecal
morphine appears to have several advantages, particularly
in the context of enhanced recovery after surgery (ERAS)
programs [7]. Indeed, ERAS programs have been associated
with lower morbidity and a shorter postoperative stay [7].

The present review will focus on the recent advances in
the surgical management of HCC. The main areas that will
be covered are: a) the role of surgery in the intermediate and
advanced stages and the importance of the individualized
approach through multidisciplinary meetings; b) the expanding
role of minimally invasive surgery (MILR) (laparoscopic
and robotic liver resections); c) the role of living donor liver
transplantation (LDLT) in the management of HCC; and d)
the significance of molecular markers in the early diagnosis of
HCC and of recurrence.

Surgical management of HCC in intermediate and
advanced stage

The staging of HCC is complex: it includes assessment of
liver function, tumor extent, presence of metastases and the
patient’s general condition, as the surgical management requires
major operations (hepatectomy or liver transplantation [LT]).
The Barcelona Clinic Liver Cancer (BCLC) staging system is
the most commonly accepted system for prognosis and study
comparisons. However, it is questioned in the western world
by the hepatobiliary surgical community, regarding treatment
allocation, and is not used in Asia [8]. The main questions arise in
the intermediate and advanced stages with vascular involvement,
where the BCLC system proposes only conservative treatments.

Transarterial chemoembolization (TACE) with lipiodol is
the standard of care for patients with intermediated stage HCC
(>2lesions, >3 cm each) according to the BCLC criteria [9,10].
Two randomized controlled trials have shown a median survival
of 18-27 months [11,12]. The use of drug-eluting microspheres
has facilitated the more controlled release of chemotherapeutic
agents and is associated with fewer systemic side effects. In
a recent single-center prospective phase II clinical trial the
patients with intermediate stage HCC (BCLC B) had an overall
survival of 26 months, while the 3- and 5-year survival rates
were 36% and 2.7% respectively [13].

The proposal of TACE, as the only management option
for the intermediate stage, in the BCLC algorithm has been

questioned heavily by the international hepatobiliary surgical
community. An observational multicenter study that included
patients from Europe, USA and Asia showed that 36% of patients
who undergo liver resection for HCC were classified as BCLC
B and a 5-year overall survival rate of 57% was achieved [14].
However, at that point single HCCs >5 cm were classified as
BCLC B. To overcome this problem, our group conducted a
systematic review, looking at the role of liver resection in the
management of multinodular intermediate stage HCCs (>2,
>3 cm each). Twenty-three studies were selected that included
2412 patients with multinodular HCCs (Table 1). The majority
of the studies were from east Asia. The median postoperative
morbidity was 25% and the 90-day mortality was 2.7%. The
median follow up was 27.6 months, median survival was 37
months, and 5-year survival 35% [15]. There were significant
differences in outcomes related with the number of lesions.
Hepatectomy for up to 3 HCCs provided median survival of
47 months and 5-year overall survival of 49%. On the other
hand, for >3 HCCs the median survival was 18 months and
the 5-year overall survival 23%. Recently, the Pan-Asian-
adapted European Society for Medical Oncology (ESMO)
clinical practice guidelines for the management of patients with
intermediate and advanced/relapsed HCC have included liver
resection as a reliable option for multinodular HCC [8].
Advanced stage (C), according to the BCLC staging
system, is a very heterogenous group of patients, including
HCCs with portal vein (PV) invasion and or extrahepatic
spread (metastases). The liver function is preserved (Child-
Pugh B) and the performance status is good [10]. For this
group of patients, systemic targeted therapy is the standard
of care, according to BCLC criteria, with a life expectancy of
>10 months. Sorafenib, a multikinase inhibitor that targets
vascular endothelial growth factor receptor, platelet-derived
growth factor receptors, and RAF kinases signaling, is the
standard of care [8,10]. Regorafenib is the standard of care, as
second-line treatment, for patients with advanced HCC who
have tolerated sorafenib but progressed. It is recommended
in patients with well-preserved liver function and Eastern
Cooperative Oncology Group performance status 0-1 [16].
Regorafenib improved overall survival vs. placebo (10.6 vs.
7.8 months) [16]. The results in the advanced stage are not
satisfactory and new treatments are required. For this reason,
intensive research is being undertaken; new agents such
as cabozantinib, ramucirumab and immunotherapy with
nivolumab are being tested with varying results [8].

Table 1 Main data from a systematic review on the role of liver resection in the management of intermediate and advanced stage HCC [15]

HCC Patients Postoperative Postoperative Median 5-year 5-year survival 5-year survival
STAGE (n) morbidity mortality survival survival (multinodular (multinodular >3,
(BCLC (months) <3, distal PV first-order branches
criteria) thrombosis*) PV thrombosis*™)
Multinodular 2412 25% 2.7% (90 days) 37 35% 49% 23%

PVTT 3659 33% 2.7% (in-hospital) 15 20% 45%* 19%**

*5-year survival in patients with distal branches PV thrombosis

**5-year survival in patients with first-order branches PV thrombosis

HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombosis; PV, portal vein
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The main question is whether surgical treatment has arole in
the advanced stage. It seems that it could have a role in patients
with limited macrovascular invasion of the PV. The advanced
stage is a very heterogeneous stage, including patients with
limited macrovascular invasion, extended vascular invasion
and extrahepatic metastases. An observational multicenter
study with patients from Europe, USA and Asia showed that
14% of patients who undergo liver resection for HCC were
classified as BCLC C, and a 5-year overall survival of 38% was
achieved [14]. There are different types of PV tumor thrombosis
(PVTT), which also affect the extent of PVTT. There are 2
main classification systems, one of them proposed by the liver
cancer study group of Japan [17]. According to this, tumor
thrombus in distal and second order PV branches is classified
as Vpl and Vp2, respectively. The presence of tumor thrombus
in the main right or left PV is classified as Vp3. In the main
PV trunk, contralateral or both it is classified as Vp4 (Fig. 1).
The second classification comes from China [18]. According
to this classification, type 1 refers to tumor thrombus in
segmental branches of the PV, and type II refers to the presence
of thrombus in the right or left PV. In type III, tumor thrombus
involves the main PV trunk and in type IV thrombus extends
to the superior mesenteric vein.

In our systematic review mentioned above, we also looked
at the role of liver resection in the management of advanced
stage HCC [15]. Twenty-nine studies were selected that
included 3659 patients who had HCC with macrovascular
invasion (Table 1). The median postoperative morbidity was
33% and the in-hospital mortality 2.7%. The median follow up
was 25 months and the median survival 15 months. The 3- and
5-year survival rates were 33% and 20%, respectively. Twelve
studies reported separate survival data according to the stage
of PVTT. The median 5-year survival for Vp1-2 patients was
45%. The median 5-year survival was 19% for Vp3 PVTT and
14.5% for Vp4 PVTT patients. Only 4 studies originated from
the West.

It seems that the favorable results reported by both
eastern and western hepato-pancreato-biliary centers
support the role of liver resection in patients with PVTT of
the first (Vpl) and secondary (Vp2) branches. A revision of
western countries’ guidelines is required to fully recognize
hepatic resection as a valid alternative for selected cases
of advanced HCC [19]. Recently, the Pan-Asian adapted
ESMO clinical practice guidelines for the management of
patients with intermediate and advanced/relapsed HCC
have included liver resection as an option for advanced stage
HCC with intrahepatic macrovascular invasion without
extrahepatic metastases [8]. Furthermore, a recent study
from Japan showed that hepatic resection in patients with
HCC and portal hypertension offers overall survival of
50%, and the perioperative prophylactic management of
portal hypertension increases the safety of the procedure,
with low postoperative morbidity and mortality [20]. Also,
as the treatment of HCC is complex and there are different
management options for each stage, recent evidence suggests
that discussion of HCC cases in a multidisciplinary tumor
board should be mandatory, in order to reach the best
therapeutic decision [21,22].
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MILR in HCC (laparoscopic and robotic surgery)

MILR is increasing globally; its wide acceptance has
occurred in parallel with the increasing trend to perform
limited resections for malignant lesions. Reich performed the
first laparoscopic liver resection (LLR) for benign lesion in the
early 1990s [23]. In highly specialized hepatobiliary centers, the
percentage of MILR performed every year has increased by up
to 50% over the last 2 decades, mainly for malignant lesions. In
2008 the Louisville Statement [24] introduced the indication of
MILR for solitarylesions of 5 cm or less, located in liver segments
II, III IVDb, V, VI and requiring segmental resections or left
lateral hepatectomy. The panel of experts suggested that major
liver resections should be reserved for experienced surgeons in
liver surgery and advanced laparoscopic surgery in specialized
centers. The second international consensus conference held
in Marioka in 2014 stressed the need for a formal educational
structure for those interested in performing major LLR, because
of the steep learning curve [25]. The third international meeting
was held in Seoul, Korea, in 2016, with special focus on the role
of laparoscopic liver donor hepatectomy. It was concluded that
laparoscopic donor hepatectomy is increasing in both pediatric
and adult LDLT. It was emphasized that for major donor
hepatectomy more evidence is needed [26].

LLR is one of the most significant achievements in the field
of liver surgery. For patients with resectable HCC in particular,
LLR has several advantages over the open approach, as HCC
usually develops on a liver with underlying disease. The main
advantages are the lower incidence of postoperative liver failure
and ascites, as the abdominal trauma is much smaller and
the surgical stress significantly less [27]. A recent systematic
review and meta-analysis compared the short- and long-term
outcomes of laparoscopic and open liver resections for HCC. It
concluded that LLR for HCC is feasible and offers better short-
term outcomes in respect of complication rate, blood loss and
duration of hospital stay, and comparable long-term outcomes to
the open approach [28]. Similar conclusions have been reached
in another recent systematic review [29] and meta-analysis [30].

For suitable HCC patients selected for LLR, 3 important
factors must be taken into account: the presence of cirrhosis,
the location of the mass, and the size of the mass. Several studies
have shown the feasibility of LLR for HCC in cirrhotic patients,
which could also reduce complications and shorten hospital
stay [31,32]. All these data support the message that LLR may be
a viable alternative to an open procedure in patients with liver
cirrhosis. As regards the location of the tumor, Zheng et al [33]
presented 281 patients who underwent LLR for lesions located
in posterior liver segments (I, IVa, VII, and VIII). Blood loss,
complication rate, hospital stay and tumor recurrence were not
significantly different in comparison to LLRs in anterolateral
segments (II, III, IVb, V and VI), although the operation time
was longer and the conversion rate higher. In experienced
centers, the tumor location may not be a contraindication for
the laparoscopic approach. It is well known that tumor size is a
risk factor in both laparoscopic and open liver tumor resection.
Retrospective studies that compared patients who underwent
LLR for HCCs of 25 and <5 cm [34] indicated that the operation
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Figure 1 Portal vein tumor thrombosis classification according to the liver study group of Japan

HCC, hepatocellular carcinoma; HBV, hepatitis B; HCV, hepatitis C; NAFLD, nonalcoholic fatty liver disease; MILR, minimally invasive liver surgery;
LDLT, living donor liver transplantation; LT, liver transplantation; BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization;
PV, portal vein; LLR, laparoscopic liver resection; MC, Milan criteria; UCSF criteria, the University of California, San Francisco criteria; MELD,
model for end-stage liver disease; DDLT, deceased donor liver transplantation; SFSS, small-for-size syndrome; AFP, a-fetoprotein; AASLD, American

Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver

time, conversion rate, blood loss, postoperative hospital stay,
the disease-free survival, and the length of overall survival were
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comparable between the 2 groups. A recent study showed that
laparoscopic left lateral segmentectomy for large HCCs (>5 cm)




had better perioperative outcomes and equivalent oncologic
outcomes compared to open resection [35]. A recent report from
the international survey on the technical aspects of 4478 difficult
LLRs (major hepatectomy, postero-superior segmentectomy,
sectionectomy, living donor hepatectomy, tumor size >10
cm, Child-Pugh B, combined with biliary reconstruction)
concluded that most procedures are safe and feasible when
conducted in specialized centers [36]. As mentioned above, LLR
is advantageous in reducing blood loss and transfusion rate. An
appropriate balance between CO, pressure pneumoperitoneum
and central venous pressure is essential to decrease bleeding
and maintain stable hemodynamics.

Another application of MILR is laparoscopic ablation
therapies for HCC lesions not eligible for a percutaneous
approach (e.g., location in posterior segments) or surgical
resection (affected general condition or liver function). Recent
evidence suggests that laparoscopic ablation of liver lesions is
safe and effective [37]. Furthermore, as tumor recurrence is
very common after liver resection for HCC in chronic liver
disease, the application of laparoscopic repeat liver resection
after open or laparoscopic liver hepatectomy is safe and can
be performed with favorable short-term outcomes in highly
selected cases [38,39]. However, LLR remains a technically
demanding procedure that requires surgical technology (CUSA,
Ligasure device, harmonic scalpel, 3D high-definition camera)
and an experienced surgical team. It seems that the use of new
techniques, such as indocyanine green fluorescence imaging,
will facilitate the safe performance of anatomic liver resections
laparoscopically [40]. In conclusion, thanks to the efforts of both
liver surgeons and medical engineers over the last 2 decades,
LLR has become a technically feasible and reliable treatment for
liver disease. A learning curve of 60 cases is required in order
for surgeons to be able to perform high-quality LLR procedures.

On the other hand, the introduction of robotic surgery might
fill the gaps of conventional laparoscopy. It was initially reported
for liver operations in 2010 [41]. Robotic surgical systems allow
easier access to deep intraparenchymal and postero-superior
liver areas. At the same time, robotic surgery is characterized by
flexibility, enabling curved parenchymal transection, which can
only be reached with difficulty with the conventional straight
laparoscopic instrument and camera system [42]. Therefore,
lesions in the postero-superior segments of the liver, as well as
those with major vascular involvement, could be more easily
approached in robotic surgery. Robotic surgery facilitates a
parenchymal-sparing liver resection, while at the same time it
ensures less surgeon fatigue, especially in long procedures [43].
Although several studies have been published regarding robotic
liver resection, showing its safety and feasibility, the comparison
with open and conventional laparoscopic techniques is still in
its infancy. It seems that robotic liver resection maintains the
typical benefits of minimally invasive surgery, including shorter
operative times, lower blood loss, and shorter hospital stays
compared to open surgery, but its superiority over laparoscopy
has not yet been proved [44-46]. The robotic technique has a
shorter learning curve compared to laparoscopic hepatectomy
[47]. On the other hand, robotic surgery has a much higher
cost in comparison with LLR, without consistently evident
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superiority in terms of clinical benefit [47,48]. Furthermore,
at present, robotic sources of energy (ultrasound, bipolar
electrocautery) are inferior compared to those used in
laparoscopy. In conclusion, the most significant clinical
benefit of the robotic system over conventional laparoscopy is
presumably the performance of minor resections in liver lesions
in difficult locations (postero-superior segments). Also, the
endo-wristed instruments make the robotic system appropriate
for parenchymal-sparing resection, and during hilar dissection
they allow parenchymal preservation, even for tumors close to a
hepatic vein and portal pedicles [47]. Table 2 presents the main
data from large studies from East and West relating to LLRs in
patients with HCC [49-55].

LDLT

HCC is the most common tumor to be treated with whole
organ transplantation, and it is listed as the primary indication
in approximately 20% of LT worldwide [56,57]. The results
of LT for HCC have improved drastically in the last 20 years,
mainly because of better patient selection, and currently the
recurrence rate ranges from 11-18% and the 5-year survival
rate is more than 70% [58]. Since the introduction of the
Milan criteria (MC) by Mazzaferro et al in 1996 (single tumor
<5 cm or up to 3 tumors, none of them larger than 3 cm, no
macrovascular invasion) the number of patients transplanted
for HCC has seen significant growth, with long-term results
comparable to those of non-HCC patients [59,60]. Moreover,
many centers are making efforts to expand these selection
criteria and have developed modified or extended guidelines
in order to improve patient evaluation—the University of
California, San Francisco (UCSF) criteria; Up-to-seven,
Toronto; Hangzhou or Chengdu criteria in mainland China,
etc.—in an effort to achieve satisfactory long-term survival
after LT among those patients [61].

The indication for LT for HCC in terms of liver functional
reserve, especially in western countries, is based on the model
for end-stage liver disease (MELD) score, with additional
points for those patients. Until now, LT has been offered
to patients with HCC within the MC and preserved liver
function [10]. However, there is a lack of potential donors
for deceased donor LT (DDLT). A long waiting period is
problematic for HCC patients [62]. The latest data indicate
that many patients with HCC have a very low probability
of receiving DDLT before tumor progression, because most
deceased donor livers are allocated to patients with a high
MELD score (>30). The current waitlist dropout rate in
Europe ranges between 15% and 35% [63]. These findings
suggest that DDLT is not a feasible treatment modality for
the majority of HCC patients. To overcome long waiting
lists, disease progression and the dropout rate for LT, many
centers tend to use “bridging” non-transplant therapies
(e.g., liver resection, radiofrequency ablation, TACE) if the
median waiting time for LT is more than 6 months [64-66].
These locoregional treatments may also play a critical role
in successful down-staging in patients with HCC initially
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20

40% NA 44% 6.2 26 60.7

A 96%
A 80.6%

100 LLR 354
436 LLR
A 97%

225 LLR
25 LLR RCT

USA

Martin, 2015 [50]

0.26

709 583

6.7% 13 46.7 84
22%

6.5%

387 61.7%

Japan

Takahara, 2015 [51]
Chen, 2017 [52]

1.3%
0%

516

China

59

50 100% 25% 344

Egypt

El-Gendi, 2018 [53]
Yoon, 2020 [54]

62

78.6

32.2 87

8.9

6.5%
26%

651 A 96% 68.2%
A 80%

217 LLR
403 LLR

South Korea

69.4 1.2

80

82.6% 7.2% 36

403

Multicenter
European

Cipriani, 2018 [55]

HCC, hepatocellular carcinoma; LLR, laparoscopic liver resection; OS, overall survival; DFS, disease-free survival; RCT, randomized controlled trial; yr, year

beyond the MC (i.e., macrovascular invasion) [64]. As the
shortage of donors compared with the number of patients in
need of transplantation is a serious and persistent problem
worldwide, LDLT is emerging as an additional therapeutic
option. Historically, the first report of successful LDLT was
by Raia at the University of Sao Paulo in July 1989 [67].
LDLT as a treatment for HCC is especially popular in most
Asian countries, given the difficulties in organ procurement
from deceased donors [68]. LDLT is currently the only
innovation that significantly expands the limited donor
pool, as the growing demand for organs is not met by the
available deceased liver grafts. HCC comprises over one third
of the indications for LT in Asia, as compared with 10-20%
in Europe and the USA [69]. Even in Western countries, the
necessity for LDLT is well established, in particular for more
advanced HCC patients, who are disadvantaged by current
allocation algorithms for grafts from deceased donors [70].

The application of LDLT has several advantages: 1)
the transplantation can be performed on an elective basis
before serious decompensation of the recipient or tumor
growth. Waiting time can be very short in specialized
centers, where LDLT is performed within a median of 44
days [71]. Therefore, LDLT for patients with HCC is a good
option, minimizing the risk of dropout; 2) grafts are in
excellent condition and complications due to preservation
injury are absent; and 3) LDLT with relative donors has
the potential to provide immunological benefits and thus
reduce rejection episodes because of genetic similarities
between the donor and the recipient. As a result, LDLT,
which provides an excellent alternative for patients waiting
for DDLT, has increased dramatically, especially in eastern
countries [72].

However, LDLT presents with potential risks for post-
transplant HCC recurrence that could impair recurrence-free
survival, mainly for patients who do not fulfil the MC [73,74].
It is unclear whether this difference is due to a specific
biological effect unique to the LDLT procedure, or to other
factors such as patient selection. Firstly, the growth factors
that mediate the regeneration of the liver graft after LDLT
may potentiate HCC recurrence. The relatively small size of
LDLT grafts may lead to additional mechanical injury at the
start of the reperfusion process, and angiogenesis and cell
division signaling pathways may be initiated more frequently.
This rapid graft regeneration in LDLT has been implicated in
a potential acceleration of tumor growth. Furthermore, an
aggressive or rapidly progressive HCC biology may not be
recognized during the short waiting time for transplantation.
Because of the increased technical complexity of the LD
allograft, LD recipients also have higher complication rates
in comparison to diseased LT [75]. These postoperative
complications following LDLT include bleeding, hepatic artery
thrombosis, higher rates of biliary complications (biloma,
cholangitis, etc.) and late biliary strictures. Moreover, another
common factor limiting LDLT is represented by small-for-size
syndrome (SESS). SESS can be defined [76] as functional liver
impairment during the first postoperative period, as evidenced
by coagulopathy, cholestasis, encephalopathy and ascites, and
can lead to catastrophic consequences and increase mortality.



Finally, the ethical dilemma of performing hepatectomy in
a healthy donor with the potential for poor outcomes in the
LDLT recipient is an existing drawback of this procedure
(median rate for donor morbidity 16.1%, mainly postoperative
biliary complications, less than 0.6% mortality) [77]. Over the
last decade, a few large multicenter studies and meta-analyses
have provided a sufficient description of how methods and
baseline characteristics are related to overall patient survival
and recurrence rates in both LDLT and DDLT patients.
Closely matched patients who underwent LDLT or DDLT
for HCC have demonstrated equivalent outcomes, and it can
be concluded that there were no disadvantages with LDLT
compared to DDLT regarding overall and recurrence-free
survival. In this review we quote some of the largest (more
than 45 participants who received LDL graft) and latest
comparative studies between LDLT and DDLT for patients with
HCC, 4 from western centers and 6 from Asia, summarized in
Table 3 [73,78-86]. Most of them report comparable results
between LDLT and DDLT. However, the results of the A2ALL
cohort study [73] found a higher rate of recurrence within 5
years in LDLT compared to DDLT (38% vs. 11%, P=0.0004),
but there was a clear tendency toward more aggressive tumor
characteristics in the LDLT group.

The waiting list for transplantation with a deceased
donor’s liver graft seems to jeopardize recipients with
potentially curable HCCs, given the constant risk of
cancer progression beyond accepted staging criteria. LDLT
diminishes not only waiting list mortality but also dropout
rates due to tumor progression beyond the established
criteria for DDLT, which are usually very restrictive [87].
Moreover, improvements in patient selection and novel
techniques for the endoscopic management of biliary
complications post-LDLT (especially biliary anastomotic
strictures) will ensure the success rate of LDLT in terms
of survival. Furthermore, allograft selection, potential use
of inflow modification, and optimization of outflow are all
strategies that should be used to decrease the incidence of
SESS. Finally, studies from many Asian centers demonstrate
that, with the incorporation of biological markers in
the selection criteria to eliminate biologically aggressive
HCCs, LDLT may have a significantly improved overall and
disease-free survival for HCC patients [88].

In conclusion, LDLT could be a beneficial management
strategy in HCC treatment. New RCTs are required to
reevaluate preoperative screening, postoperative surveillance,
and downstaging protocols in HCC patients receiving LDLT, to
ensure optimal and timely therapy. Lastly, therapeutic options
for patients with advanced HCC before LDLT need to be
further expanded to improve survival.

Molecular markers in HCC

HCC is characterized by considerable phenotypic and
molecular heterogeneity. During the last 2 decades, there has
been an increasing understanding of the abundant molecular
alterations in HCC; however, this has not been translated into

Table 3 Large studies from East and West in patients with HCC managed with living donor liver transplantation

5-year
recurrence
rates (%)

5-year
overall

Mortality Median
follow up
survival

(recipient)

Morbidity

Criteria used

MELD score
(<10/10-20/>21)

Child score-

Country Patients

Stydy, year [Ref.]

(recipient)

Child A/B/C

(months)

14.8%

NA 75 84.2%
NA

NA

Kyushu criteria

11.9+4.9

NA
35/16/14
25/25/28

236/165/131

133

Fukuoka, Japan

Ninomiya, 2015 [78]
Wong, 2019 [79]

73.4%

62

Milan and UCSF criteria

11

Hong Kong, China

6 76.1+47.5 73.2% 10.9%
NA

NA

NA

Milan criteria

14.9+7.5

Multicentric, France

Azoulay, 2017 [80]

Surgical management of HCC 459

81.5%

NA 44.8

Milan criteria

NA

532

Seoul, Korea

Hong, 2016 [81]
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prognostic assessment or therapeutic decision making [10].
Knowledge of the cellular composition of tumors and the
corresponding tumor microenvironment will enable the
development of prognostic and predictive biomarkers that
can be utilized in routine clinical practice [89]. Biomarkers
represent an easy and noninvasive way to detect HCC at early
stages and have the potential to estimate disease prognosis and
recurrence. In spite of the numerous efforts to find molecules
as possible biomarkers, there is not a single ideal marker
in HCC.

Alpha-fetoprotein (AFP) is a serum glycoprotein first
recognized as a marker for HCC more than 40 years ago
and has since been used for early HCC detection. However,
normal AFP levels are present in 30% of HCC patients at the
time of diagnosis and usually remain low, even with advanced
HCC [90]. AFP >400 ng/mL is considered diagnostic for HCC,
although less than half of the patients may have such high levels.
With values of that magnitude, the specificity of AFP for HCC
is close to 100%, but the sensitivity falls below 45% [90,91].
For this reason, it is imperative to find other, more sensitive
molecular markers for the diagnosis and early identification
of recurrence of HCC. Towards this direction new molecules
have been investigated.

More specifically, autophagy molecules seem to have a
key role in HCC. Autophagy is an evolutionarily conserved
lysosome-dependent catabolic process that degrades cells
components in order to recycle substrates to exert optimally
and adapt to tough circumstances. It is a critical cellular
homeostatic mechanism with stress resistance, immunity,
antiaging, and anti-tumor effects [92]. Basal autophagy acts
as a tumor suppressor by maintaining genomic stability in
normal cells. However, once a tumor is established, unbalanced
autophagy will contribute to carcinoma cell survival in the
tumor microenvironment and in turn promote tumor growth
and development.

Beclin-1, LC3-II and p62 are autophagy genes that can
be used as prognostic molecules for HCC [93]. According to
multicenter studies, increased autophagy has been detected
in advanced liver cancer and is closely related to malignant
transformation and a low survival rate in HCC patients.
Moreover, autophagy contributes to the chemoresistance
of HCC cells [94,95]. Fig. 2 depicts the role of autophagy in
HCC and the implementations it may have in the diagnosis,
prognosis and early detection of recurrence in HCC.

LC3-II, a widely used autophagic biomarker, was revealed
to play a significant role in the development of cancer and is
associated with the poor survival of cancer patients. Wu et al
reported that LC3-II was overexpressed in the tumor region,
compared with normal adjacent tissues, and the expression
levels of LC3-II were positively related with vascular invasion
and lymph node metastasis of HCC patients [96].

The expression level of Beclin 1 may be a valuable biomarker
for HCC. A study of 103 primary HCC patients showed that
the levels of Beclin 1 were significantly lower in HCC tissues
than in adjacent tissues (72.8% vs. 89.5%). Beclin 1 may be a
valuable prognostic marker of liver cancer, and loss or lower
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expression of Beclin 1 may suggest an inferior prognosis for
HCC [97].

Moreover, p62 accumulation, induced by loss of
autophagy, contributes to hepatic tumor formation [93,98].
Autophagy deficiency causes accumulation of p62, resulting in
development of HCC.

Another serological and histochemical marker that is
specific for HCC is GPC3. GPC3 is a member of the glypican
family and belongs to a group of heparan sulfate proteoglycans
bound to the outer surface of the cell membrane. GPC3 has
been detected in the placenta and fetal liver, but not in other
adult organs [99]. A dramatic elevation of GPC3 expression
has been reported in a large proportion of HCCs, whereas its
expression has been shown to be less frequent in preneoplastic
or entirely absent in non-neoplastic liver tissue. Comparing the
overall survival between GPC3-positive and GPC3-negative
HCC patients, the GPC3-positive patients had a significantly
lower 5-year survival rate than the GPC3-negative patients
(54.5% vs. 87.7%) [100]. According to previous reports, higher
levels of GPC3 expression were observed in moderately or
poorly differentiated HCC, while at the same time GPC3
expression seems to be significantly linked to a poor prognosis
after surgical resection in HCC patients [101].

Another biomarker that seems to be involved in the
development and progression of HCC is 3-catenin. The Wnt/f3-
catenin pathway has shown significant promise as a potential
target for novel molecular therapies. Moreover, (3-catenin
mutation seems to be related to the prognosis of HCC.
Specifically, according to research studies, B-catenin protein
expression is significantly greater in HCC tissue (72.94%)
compared with normal and cirrhotic liver (22.35% and 26.67%,
respectively) [102,103]. B-catenin mutation is more frequently
seen in earlier stages of HCC (I and II). Aberrant Wnt/fp-
catenin signaling has been shown to be common in HCC
tumors and has a clinical impact on tumor behavior, prognosis
and response to treatment. As a result, Wnt/[-catenin may be
a promising target for future HCC therapies [104]. Currently,
there are 2 clinical phase I/II trials studying the use of agents
(such as PRI-724 and OMP-18R5) that specifically target
the P-catenin signaling pathway to treat solid tumors and
myeloid malignancies [105]. Recently, the Japanese Society of
Hepatology’s guidelines added to their recommendations the
use of AFP in combination with des-carboxyprothrombin and
AFP-L3 [106]. The guidelines of the American Association
for the Study of Liver Diseases (AASLD) and the European
Association for the Study of the Liver (EASL) include CD34,
CK7, glypican 3, HSP-70, and glutamine synthetase staining
to improve diagnostic accuracy [10,107]. Regarding prognosis,
the EASL recommends the use of AFP levels, VEGF and
angiopoietin 2 as independent prognostic biomarkers, in
addition to the possible implementation of keratin 19 and
EpCAM because of their correlation with worse outcomes in
patients with HCC [10,108]. Lastly, cell free DNA (cfDNA) and
circular RNAs (such as cSSMARCA5 and circZKSCAN1) have
been used in clinical trials as biomarkers for the diagnosis,
early recurrence detection and treatment of HCC [109,110].
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cancer cell death during cancer therapy

Most recent publications suggest that the combination of 2 or
more biomarkers and additional demographic information
can improve their sensitivity, specificity and predictive value.
However, further research is needed to assess the use of
biomarkers in clinical practice in patients with HCC. Table 4
summarizes the principal biomarkers of HCC with future
perspectives.

Early diagnosis of HCC and detection of disease recurrence
may offer patients the opportunity to undergo therapeutic
interventions (such as hepatectomy or LT). For this reason,
biomarkers are inextricably linked to the surgical management
of patients with HCC. As mentioned above, the specificity

of AFP for HCC is close to 100%, but the sensitivity falls
below 45%, making it imperative to find other more sensitive
molecular markers for the diagnosis and early identification of
recurrence of HCC. Towards this direction, molecules such as
GPC3, cfDNA and circular RNAs can be used as biomarkers
for diagnosis, early recurrence detection and treatment of
HCC. The above molecules can be isolated from both tissue
and blood samples, whereas autophagy molecules and wnt/p-
catenin are both isolated from tissue. This feature does not
contraindicate their use in clinical practice, since their levels
are related with HCC prognosis and further future therapeutic
decision.
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Table 4 Principal HCC biomarkers with future perspectives for early diagnosis, prognosis and disease recurrence

Molecular Tissue or blood  Study / year, [Ref] Design, Period Patients
Marker isolation
Early AFP Blood Mancebo, 2012 [91] Retrospective study September 1992-March 2010 450
diagnosis
cSMARCA5 Tissue Yu, 2018 [109] Retrospective study 2010-2011, 2016-2017 208
circZKSCAN1  Tissue Zhu, 2019 [110] Retrospective study 2009-2010 112
Prognosis LC3-1I Tissue ‘Wu, 2014 [96] Retrospective study 09/2003-09/2010 156
Beclin-1 Tissue Qin, 2018 [97] Meta-analysis 10 studies 1086
P62 Tissue Xiang, 2017 [98] Retrospective study February 2013-February 2014 108
AFP Blood Bai, 2017 [90] Retrospective study 1988-2013 38,820
GPC3 Tissue Kaseb, 2016 [101] Retrospective study March 1996- September 2012 101
B-catenin Tissue Rebouissou, 2016 [102] ~ Retrospective study 1997-2010 559
keratin19 Tissue Lee, 2012 [108] Retrospective study January 2000- August 2010 204
Recurrence  ¢<SMARCAS5 Tissue Yu, 2018 [109] Retrospective study 2010-2011, 2016-2017 208
circZKSCAN1  Tissue Zhu, 2019 [110] Retrospective study 2009-2010 112
[-catenin Tissue Rebouissou, 2016 [102]  Retrospective study 1997-2010 559

HCC, hepatocellular carcinoma

Concluding remarks

The management of HCC is complex and requires a
multidisciplinary, but at the same time individualized approach.
There have been very significant advances over the last 15
years in the surgical management of HCC, such as aggressive
surgical management of selected patients with intermediate
and advanced stage, application of minimally invasive
surgery and LDLT. In the future, the further development of
interventional radiology, which will increase resectability,
along with the judicious use of molecular markers and the
expanded application of minimally invasive surgery and LDLT,
will increase the options in many patients with HCC, who will
achieve long survival with a good quality of life.
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