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1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most 
common cancer and the second most common cause of 
cancer death; HCC is also the most common primary 
malignancy of the liver (1). The incidence of HCC 
is highest in East and Southeast Asia because of the 
prevalence of chronic hepatitis B in these regions. 
Standard potentially curative treatments for this 
cancer are either resection or transplantation, although 
radiofrequency ablation is considered a curative therapy 
in some cases (2). Better assessment of liver function, 
understanding of the segmental liver anatomy with 
more accurate imaging studies, and advances in surgical 
techniques are key factors that have led to a mortality 
rate of < 1% with an expected 5-year survival rate of 
70% (3-6). One aim of the current paper is to present 
and discuss recent advances in the surgical treatment 
of HCC, and another aim of this paper is to highlight 
current issues in the surgical treatment of HCC.

2. Anatomical vs. non-anatomical resection

Hepatic resection and radiofrequency ablation are 

potentially curative treatments for HCC (7). Even after 
resection with curative intent, however, HCC has a 
high rate of recurrence, ranging from about 50% during 
the first 3 years after surgery to more than 70% during 
the first 5 years (8-10). The high incidence of HCC 
recurrence may be explained by the high incidence 
of both intrahepatic metastases and the multicentric 
occurrence of de novo HCC (8). In the past, portal 
vein dissemination was considered to be the main 
route for intrahepatic metastases, which led to the 
notion that anatomical resection, the site of which is 
based on where the blood flow to a tumor drains into 
the portal vein, might prevent the development of 
intrahepatic metastases of HCC (11,12). Data from 
a nationwide study in Japan (13) that included 5,781 
patients with single HCCs revealed that anatomical 
subsegmentectomy (AS) was preferred over non-
anatomical minor hepatectomy (MH) AS, especially 
when the size of the HCC ranged from 2 to 5 cm. 
Overall disease-free survival (DFS) was significantly 
better after an AS (p = 0.0089). If the HCC is smaller 
in size, one could reasonably deduce that there would 
be no statistical difference in the DFS after AS or 
MH since the risk of dissemination is presumably 
negligible, which means that both techniques had 
efficacy equivalent to that of local ablative therapy. 
If the HCC is larger, most patients will already have 
macroscopic vascular invasion or satellite nodules that 
will result in a high incidence of recurrence (14). This 
means a more advanced stage of HCC and evidence 
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of the oncological behavior of the HCC, potentially 
offsetting the effects of the technique used. MH is 
comparable to AS. Therefore, AS is a strong prognostic 
factor, especially for HCCs measuring from 2 to 5 cm 
in size. In the cited study, there were no significant 
differences when the patients who underwent AS or 
MH were further stratified depending on the degree of 
liver damage (which is similar to the Child-Pugh score). 
This was true even in patients with HCCs of 2 to 5 cm 
in diameter. Therefore, AS is recommended particularly 
when the HCC ranges from 2 to 5 cm in diameter. 
However, MH is an option for treatment of a single 
HCC if AS cannot be safely performed.
 Ishii et al. (15) analyzed 268 consecutive patients 
with HCC, including 110 patients who underwent 
anatomic liver resection (AR) and 158 who underwent 
non-anatomic liver resection (NAR). Forty-four patients 
from each group were selected and matched using 
logistic multivariate analysis followed by propensity 
score analysis. AR conveyed a survival advantage over 
NAR in specific subpopulations of patients with an 
HCC less than 5 cm in diameter, a single tumor, and 
good liver function.
 Kamiyama et al. (16) analyzed 322 consecutive 
patients with HCC who met the Milan criteria and 
who underwent curative resection (R0). Patients were 
classified into two groups: Group A (patients with a 
single HCC having a diameter of 5 cm or less) and 
Group B (patients with multiple tumors, no more than 
three tumor nodules, each with a diameter of 3 cm or 
less). Kamiyama et al. found that anatomical resection 
improved surgical outcomes for patients with HCC that 
met the Milan criteria.
 Yamamoto et al. (17) analyzed 174 patients 
with a single HCC 2-5 cm in diameter and without 
macroscopic vascular invasion. Studies investigating 
the survival benefits of AR compared to NAR have 
yielded results that are not completely consistent. 
Yamamoto et al. recommended that patients with an 
ICGR 15 < 20% and poor liver function undergo NAR 
rather than AR for the treatment of a solitary HCC 2-5 
cm in diameter.
 Marubashi et al. (18) investigated the pattern of 
HCC recurrence to evaluate whether non-anatomical 
resection, which is based on where the blood supply 
to a tumor drains, and anatomical resection, which 
restricts resection to the corresponding site where the 
tumor's blood supply drains into the portal vein, was 
more beneficial. Local dissemination as a pattern of 
HCC recurrence was observed in only 6 (1.4%) of the 
424 patients included in their analysis. In the remaining 
patients, HCC recurrence was considered to be result of 
either systemic dissemination or de novo development 
of HCC. This "local dissemination" is a rather rare 
pattern of HCC recurrence, indicating that anatomical 
and non-anatomical resection are equally curative and 
that the selected technique did not influence patient 

outcomes. In other words, recurrence as a result of local 
dissemination can be ignored with both anatomical and 
non-anatomical resection. HCC recurring after curative 
resection is mostly caused by systemic dissemination 
of circulating tumor cells or de novo development of 
HCC.
 In accordance with recent concepts and based 
on the evidence of HCC recurrence in patients with 
HCC who have undergone hepatic resection and liver 
transplantation, intrahepatic metastasis occurs because 
of the blood flow to a tumor or an aggregation of tumor 
cells in the remaining liver (8,14,19). Some studies (20-
22) have demonstrated the superiority of anatomical 
resection over non-anatomical resection for treatment 
of HCC. Others (23-25) have questioned the validity 
of this suggestion, as they found no differences in 
HCC recurrence or overall survival rates for patients 
undergoing either form of resection after resection 
with curative intent. However, most reported studies 
had limited statistical power, and no case-matched or 
randomized clinical trials have compared the outcomes 
of anatomical and non-anatomical resection for 
treatment of HCC.
 Clear evidence of the superiority of one technique 
over the other is not available since some studies 
have attributed a survival benefit to AR (26,27) while 
others have not (28,29). Two recent meta-analyses of 
observational studies have also reported conflicting 
results (30,31). Importantly, underlying cirrhosis 
was significantly more common in patients who 
underwent NAR and who also displayed greater hepatic 
dysfunction compared to patients who underwent 
AR. A meta-regression approach recently found that 
these aspects significantly affect the results of meta-
analyses; that is, patient survival and DFS after AR 
seem to be superior to those after NAR because patients 
undergoing NAR have worse liver function reserve, 
which significantly affects prognosis (32). 
 Moreover, a recent meta-regression analysis was 
performed after adjusting for several key covariates, 
but results precluded the ready comparison of available 
studies on AR and NAR (33).
 Thus, large randomized controlled trials are needed 
to define the best form of resection for patients with 
HCC developing from a cirrhotic liver (32).

3. Associating liver partition and PVL for staged 
hepatectomy (ALPPS)

Over the past few decades, advances in surgery, 
anesthesia, radiology, and oncology have resulted in 
an extension of the criteria for resectability of liver 
neoplasms (34,35), but a small volume of the future liver 
remnant (FLR) has been the Achilles heel limiting major 
hepatectomy (36,37). In general, most patients with HCC 
have an underlying liver disease, such as cirrhosis, that 
requires an FLR of at least 40% (38). Thus, surgeons 
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a selective left hepaticojejunostomy for palliation. 
For optimal positioning of the hepaticojejunostomy, 
he divided the liver parenchyma along the falciform 
ligament, thereby completely devascularizing segment 
4. He also ligated the right portal vein in order to induce 
hypertrophy of the left lateral section of the liver. Out 
of curiosity, he performed a computed tomography scan 
on day 8 postoperatively. To his surprise, the left lateral 
section had massively grown in size. He successfully 
removed the diseased liver with a second surgery. This 
novel approach was formally reported as a series of 3 
cases in a presentation by Baumgart et al. (50), from 
Mainz, Germany, during the Ninth E-AHPBA Meeting 
in Cape Town, South Africa in April 2011. In 2012, 
de Santibanes and Clavien (51) proposed the acronym 
“ALPPS” for this novel technique. PVL and PVE are 
traditional approaches to induce hypertrophy of the FLR 
prior to hepatectomy in primarily nonresectable liver 
tumors. However, these approaches fail in about 14% of 
patients. Adequate hypertrophy of the FLR using PVL 
or PVE generally takes more than four weeks. ALPPS 
can induce rapid growth of the FLR, which is greater 
than that of reported with portal vein embolization or 
occlusion alone. Recent studies have noted the marked 
hypertrophy of the FLR, which enlarges by 40-80% 
within 6-9 days. Faster hepatocyte regeneration has 
resulted in a lower drop-out rate for the two-stage 
procedure. This waiting time can be critical, especially 
for patients with marginally resectable tumors or 
oncologically aggressive tumors (52). 
 The indications for ALPPS include an FLR of 
less than 30% in patients with a normal liver or an 
FLR of less than 40% in patients with a diseased 
liver caused by cholestasis, macrosteatosis, fibrosis, 
or pathologic changes associated with chemotherapy. 
Indications include marginally resectable or locally 
advanced unresectable liver tumors of any origin 
with an insufficient FLR either in terms of volume 
or quality. The pathologies that ALPPS is commonly 
used to treat include colorectal liver metastases, hilar 
cholangiocarcinoma, and HCC. Contraindications for 
ALPPS include unresectable liver metastases in the 
FLR, unresectable extrahepatic metastases, severe 
portal hypertension, high anesthetic risks, and a poor 
condition prior to major surgery (53).
 In the beginning, ALPPS was mostly used to treat 
metastatic liver diseases. A liver with an underlying 
disease is known to have a lower capacity for 
regeneration and hypertrophy. In fact, a cirrhotic liver 
is less capable for hypertrophy after PVE than is a 
healthy liver. Vennarecci et al. (54) found that i) the 
ALLPS procedure is technically feasible and safe 
even when performing a major liver resection to treat 
HCC in a cirrhotic liver, that ii) the procedure is able 
to induce a significant increase in the volume of the 
FLR in a short period of time, allowing completion of 
the second stage of ALPPS, and that iii) the volume of 

face the challenge of choosing either resection of the 
hepatic tumor with a potential risk of postoperative liver 
failure (PHLF) or giving the patient palliative treatment, 
such as transcatheter arterial chemoembolization or local 
ablative therapy, to avoid PHLF if the volume of the 
FLR is on the borderline (39,40). In recent years, some 
strategies, such as portal vein ligation (PVL), portal vein 
embolization (PVE), and two-stage liver resection have 
been developed to induce hypertrophy of the FLR prior 
to hepatectomy in primarily non-resectable liver tumors 
(41). Makuuchi et al. (42) first introduced the concept of 
PVE into clinical practice in the 1980s. In 2008, a meta-
analysis of 37 studies conducted from 1990 to 2005 
and involving 1088 patients revealed that 29 days, on 
average, elapsed from PVE to surgery, with an 8% to 
27% increase in the FLR; in 14% of patients, resection 
was precluded after PVE due to disease progression or 
insufficient hypertrophy of the FLR (43). A systematic 
review and meta-analysis (44) compared PVL and PVE 
to assess the percentage increase in the FLR, morbidity, 
mortality, and tumor progression. All of the analyzed 
studies were retrospective. The 7 studies involved 218 
patients, of whom 89 underwent PVL and of whom 
129 underwent PVE. This meta-analysis comparing 
periprocedural outcomes of PVL and PVE revealed 
that the mean percentage increase in the FLR was 39% 
with PVE and 27% with PVL, but the difference in the 
percent increase was not significant. In addition, the two 
techniques resulted in similar morbidity and mortality 
rates after liver resection, a similar time to hepatectomy, 
and a similar time to disease progression. The two-stage 
hepatectomy was pioneered by surgeons at the Hôpital 
Paul Brousse in the 2000s. The procedure was designed 
when removal of all malignant lesions in the liver was 
not possible using a single procedure (45). The first 
hepatectomy was intended to keep the final FLR clear of 
all malignant lesions. During the wait prior to the second 
surgery, hypertrophy of the FLR was induced to make 
the second hepatectomy feasible and potentially curative 
(46). However, the major reason for failure of the two-
stage hepatectomy was tumor progression while waiting 
for hypertrophy of the FLR or an insufficient increase in 
volume after portal vein occlusion (47,48). In a recent 
review analyzing short- and long-term outcomes of a 
large series of two-stage hepatectomies, morbidity was 
reported to range between 20 and 60% after the second 
surgery and the drop-out rate was reported to range 
between 8 and 31% (49).
 ALPPS is a new 2-stage surgical strategy to increase 
the size of FLR, but the procedure was invented by 
chance. Professor Hans Schlitt from Regensburg, 
Germany first performed ALPPS in 2007. He planned 
to perform an extended right hepatectomy in a patient 
with hilar cholangiocarcinoma. During surgery, 
he realized that the FLR was too small to sustain 
the patient's life postoperatively. Hence, he made a 
good but unusual surgical decision to perform only 
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the FLR continues to increase even in a cirrhotic liver 
after the hepatectomy. Oncological results and short 
and long-term survival times of patients with a large 
HCC and major vascular invasion treated with ALPPS 
are not yet available. Now that the initial experimental 
phase has passed, prospective controlled studies with 
large samples are needed to properly evaluate ALPSS. 
An FLR to BWR ratio of at least 0.5% in a normal 
liver and a ratio of 0.8% in a cirrhotic liver should 
be achieved in order to avoid the considerable risk of 
hepatic decompensation and postoperative mortality.
 ALPPS was reported to have high rates of operative 
morbidity, mortality, and bile leakage. Morbidity after 
ALPPS is reported to be 16%-64%, and mortality is 
reported to be 12-23%. The main forms of morbidity 
included bile leakage and sepsis, and the main cause of 
mortality was hepatic insufficiency. Total laparoscopic 
ALPPS has been reported (55,56) to cause fewer 
adhesions during the second stage of surgery. The long-
term oncological outcomes following ALPPS are not 
yet available, but the 5-year overall survival rate after a 
standard two-stage hepatectomy is reported to be 51%. 
However, more studies are needed to evaluate the role 
of ALPPS in patients with hepatic fibrosis.
 ALPPS has emerged as a new strategy to increase 
the resectability of hepatic malignancies. Due to the 
high morbidity and mortality rates of ALPPS, surgical 
candidates should be carefully selected. Moreover, there 
is very limited evidence of the technical feasibility, 
safety, and oncological outcomes of this procedure, so 
these aspects need to be evaluated further in large-scale 
studies.

4. Indications for and the current role of laparoscopy

Although laparoscopic surgery has been widely used 
in the field of abdominal surgery, such as colon and 
gastric surgery, use of laparoscopic liver resection 
is still limited to specialized facilities. Laparoscopic 
liver resection requires sufficient experience in 
both laparoscopic and open surgery. In addition, it 
requires advanced laparoscopic surgical techniques 
associated with parenchymal dissection and hemostasis. 
Laparoscopic liver resection has been used to treat 
various liver diseases as experience with laparoscopic 
surgery has increased and laparoscopic instruments 
have been developed (57).
 Laparoscopic resection to treat HCC was first 
performed in 1992 (58). Initially, laparoscopic liver 
resection was only used to treat lesions located in the 
left lateral or peripheral segments. Due to the difficulty 
of controlling bleeding and visualization of the surgical 
field, lesions in the deep or posterior sections of the 
liver (segments I, VII, and VIII and the superior part 
of IV) were previously considered to be unsuitable for 
laparoscopic liver resection (59,60). A group of experts 
met in Louisville, Kentucky, United States in 2008 and 

determined that the best indications for laparoscopy 
were solitary lesions, less than 5 cm in diameter, located 
in the anterior segments at a distance from the line of 
transection, the hepatic hilum, and the vena cava (61). 
Since that time, surgical indications have continued to 
evolve: tumor size alone is no longer a contraindication 
for laparoscopic surgery (62) and experienced facilities 
use laparoscopic resection to treat tumors in the 
posterior segments or center of the liver (63,64).
 Obtaining a safe margin for the inferior portion 
of a tumor is difficult when the tumor is located in 
the posterior or superior part of the liver. However, 
recent studies have noted the feasibility and safety 
of laparoscopic liver resection of lesions in those 
locations (65,66). Since Azagra et al. (67) performed 
the first anatomical resection, laparoscopic left lateral 
sectionectomy has become the standard treatment 
at some facilities (68). According to one study (57), 
laparoscopic left lateral sectionectomy was the most 
common form of anatomical liver resection. In the 
future, though, laparoscopic left lateral sectionectomy 
may become a routine procedure at most facilities. 
However, laparoscopic major hepatectomy is not 
used worldwide because of the complexity of the 
procedure and the fear of causing uncontrollable 
bleeding. This procedure should be performed by an 
experienced surgeon according to an expert consensus 
on laparoscopic liver surgery (69).
 Laparoscopic  resect ion is  associa ted with 
significantly less intraoperative blood loss and less need 
for transfused blood, which can partly be explained by 
the hemostatic effect of pneumoperitoneum (70) and 
the magnified vision afforded by laparoscopy (70,71). 
In addition, transfusion rates have been identified as an 
independent prognostic factor for DFS in HCC (72,73), 
and blood loss was found to be independently associated 
with recurrence and decreased survival rates after 
resection of HCC (74). Laparoscopy should reduce the 
need for a transfusion and thus improve the prognosis for 
patients undergoing a resection to treat HCC (75).
 A recent meta-analysis by Yin et al. (76) found that 
the postoperative morbidity rate after laparoscopic 
resection of HCC decreased significantly in comparison 
to open surgery. A meta-analysis indicated that 
laparoscopic resection consistently yields favorable 
results in terms of the duration of hospitalization (77-
79), consequently reducing the overall morbidity rate 
and incidence of intractable ascites. The main concern 
about using laparoscopy to treat malignancies is the 
risk of inadequate tumor resection. In a number of 
studies (76-79) comparing laparoscopic and open 
liver resection for treatment of HCC, there was no 
significant difference in recurrence-free or overall 
survival, suggesting that laparoscopic surgery does not 
compromise oncological principles.
 Nonetheless ,  some s tudies  have cr i t ic ized 
laparoscopic resection because of its low level of 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2015; 9(5):319-330.323

reproducibility and because it is limited to a few 
specialized facilities. After a learning curve of 60 
procedures (80), there is significant improvement in 
terms of operating time, conversion rate, blood loss, 
morbidity, and duration of hospitalization. This suggests 
that laparoscopic resection is reproducible at facilities 
regularly performing liver surgery but that it requires 
specific training in advanced laparoscopy.
 Laparoscopic liver resection is a new strategy for 
liver surgery that is needed to treat liver tumors.

5. Robotic liver resection

Hepatobiliary (HB) surgery is a challenging surgical 
subspecialty that requires highly specialized training 
and an adequate level of experience in order to be 
performed safely. Although the technical feasibility 
of a laparoscopic approach has been extensively 
demonstrated, its use has not extended to the broader 
community of surgeons performing HB surgery. This 
is due in large part to the limitations of the procedure, 
since it can be safely performed by a few highly 
experienced surgeons. Recent development of robotic 
platforms has provided a tool that can overcome many 
of the limitations of conventional laparoscopic HB 
surgery. Augmented dexterity enabled by endowristed 
movements, software filtration of the surgeon's 
movements, and high-definition three-dimensional 
vision provided by the stereoscopic camera combine 
to allow steady and careful dissection of the structures 
of the liver hilum as well as prompt and precise 
endosuturing in cases of intraoperative bleeding. These 
advantages have allowed many facilities to expand the 
indications for minimally invasive HB surgery, with 
encouraging initial results (81). In 2003, Giulianotti 
et al. (82) reported the first use of a robotic liver 
resection. The indications for robotic hepatectomy 
are similar to those for laparoscopic hepatectomy. 
Both benign and malignant tumors can be resected 
robotically. Laparoscopic hepatectomy for lesions in 
the superoposterior segments, such as segments VII and 
VIII, is particularly challenging due to their positions 
and the curved transection lines. As a result, lesions in 
these segments may be more commonly resected via 
a right hepatectomy, sacrificing a substantial volume 
of the normal liver (83). Robotic hepatectomy helps 
overcome this problem and some authors have reported 
success with this approach (84). Thus the greatest 
theoretical advantage of robotic hepatectomy may 
lie in sectoral, segmental, or subsegmental resection 
of lesions in difficult-to-reach positions. As a result, 
patients may be spared the large incisions and extensive 
mobilization required in an open approach.
 The most prolific use of robotic hepatectomy to date 
was reported by Giulianotti et al. (85), who described 
procedures performed by a single surgeon in 70 cases 
(60% malignant, 40% benign). Twenty-seven patients 

underwent a major hepatectomy; of those, 20 underwent 
right hepatectomy, 5 underwent left hepatectomy, 
and 2 underwent right trisectionectomy. Few studies 
have compared robotic to laparoscopic liver resection. 
Berber et al. found that the operating time, blood loss, 
and resection margins differed (86). Ji et al. found that 
robotic resection may involve a longer operating time 
than laparoscopic or open resection but comparable blood 
loss and complications (87). Lai et al. found a similar 
association in patients undergoing minor hepatectomy (< 
3 segments) alone (88). The largest matched comparison 
of laparoscopic and robotic hepatectomy was reported by 
Tsung et al. and the University of Pittsburgh group (89). 
In this retrospective study, 57 patients undergoing robotic 
hepatectomy were matched with 114 patients undergoing 
laparoscopic hepatectomy based on underlying liver 
disease, the extent of resection, the diagnosis, ASA class, 
age, BMI, and gender. They found that the operating 
time was significantly longer for both major and minor 
hepatectomies that were performed robotically. There 
were no significant differences in complication rates, 
length of stay, mortality, and negative margin rates. A 
systematic review (90) identified 232 unique patients. 
Overall, the outcomes reported were similar to those 
seen in large laparoscopic series, but there was no clear 
difference in the outcomes of a robotic or laparoscopic 
approach. The key issue is to define the best indications 
for robotic liver resection. Despite the subjective 
advantages of a robotic system (maneuverability, 
ergonomics, and 3D vision), identifying its objective 
advantages is difficult in light of the current literature. 
Some authors have found that robotic technology 
provides an advantage mainly in two key steps during 
hepatectomy: dissection of the hilum and the hepatocaval 
dissection in the event of a right hepatectomy (88). In 
addition, the microsuturing capacity of a robotic system 
allows reconstruction of the biliary anatomy (91).
 Overall, robotic technology has developed and it 
has expanded the indications for minimally invasive 
surgery. This technology might facilitate the treatment 
of large lesions and lesions that are posteriorly located.
 The crucial point for a new technology is to offer 
advantages without sacrificing safety. With minimally 
invasive surgery, surgical stress is reduced, whether it is 
by a robotic or a laparoscopic approach. Like laparoscopy 
(92,93), a robotic approach yields results comparable 
to those of open surgery (94), primarily by minimizing 
blood loss and reducing the risk of a required transfusion 
(in the patients described). However, oncological 
outcomes rather than feasibility and peri-operative 
safety are the key to determining whether an approach is 
effective at treating malignancies; the same was true for 
laparoscopy several years ago (95). Even though only a 
limited number of patients were selected, the available 
data do not appear to indicate that oncological principles 
have been sacrificed. The reported outcomes compare 
favorably to those of a laparoscopic or open approach 
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(92,96) as indicated by a low rate of recurrence. A 
point worth noting is that the robotic approach has not 
been followed for a long enough period of time, so that 
approach needs to be examined in comparison to other 
approaches. Nevertheless, the robotic approach provides 
results, at 2 years for treatment of HCC (88) and at 3 
years for treatment of colorectal metastasis (97), that 
are similar to those reported in systematic reviews of 
laparoscopic approaches (96). The increasing interest in 
robotic technology should help encourage randomized 
studies with larger samples and a longer follow-up. With 
quality evidence, the robotic approach might become the 
minimally invasive treatment of choice in advanced and 
complex cases.
 One of the major disadvantages of robotic surgery 
is the high cost. In a systematic review of the literature 
in English, Turchetti et al. analyzed 11 studies that 
compared the cost of robotic surgery to that of a 
laparoscopic approach in various abdominal surgeries. 
The cost of the robotic approach was generally higher 
due to the longer operating time (and especially the set-
up time) and instruments required, although the costs 
of hospitalization were similar (98). The purchase and 
maintenance costs are significant, particularly for lower-
volume facilities, but many studies have not included 
these costs.
 Robotic liver resection is safe and feasible when 
performed by an experienced surgeon. The procedure 
requires an expert patient-side surgeon with advanced 
laparoscopic skills. Wristed instruments are useful in 
a variety of maneuvers, such as looping Glissonian 
pedicles (especially on the left side of the liver) and in 
suturing bleeding points. The learning curve for robotic 
resection may be shorter than that of conventional 
laparoscopic liver surgery because the three dimensional 
imaging camera, wristed instruments, and better 
ergonomics will help experienced laparoscopic surgeons 
to quickly familiarize themselves with the robotic 
procedure (99). Despite the limited number of cases 
reported in the literature (85,87,88), the use of a robot to 
perform a minor or major liver resection appears to be a 
safe and feasible alternative to the open and laparoscopic 
approaches, resulting in lower postoperative morbidity 
and adequate oncological outcomes for primary and 
metastatic diseases. Most of the studies of robotic liver 
resection have focused on short-term perioperative 
outcomes (100). Long-term oncologic results and cost-
effectiveness must be evaluated before the advantages 
and disadvantages of robotic liver resection can be 
conclusively determined. Robotic HB surgery has been 
rapidly increasing over the past few years. A prospective 
comparative study should be conducted to verify the 
advantages of robotic liver resection for the management 
of HCC. The development of new technologies and 
robotics will certainly expand the use of laparoscopy in 
the multimodal management of hepatocarcinoma (101).

6. Should indications for surgery be expanded beyond 
the BCLC criteria?

Curative treatments, including liver transplantation, 
surgical resection, and percutaneous ablation, are able 
to achieve a long-term survival rate of more than 50% 
at 5 years; however, only a small group of patients with 
early-stage HCC are eligible for these therapies (102-
107). Most patients have advanced HCC when they 
are diagnosed. Thus, several HCC staging systems 
based on the tumor burden and liver function have been 
proposed over the past decades to guide therapeutic 
decisions (108-113). The Barcelona Clinic Liver 
Cancer (BCLC) staging system is accepted worldwide 
for clinical practice. The BCLC classification divides 
patients with HCC into 5 stages (0, A, B, C, and D) 
depending on tumor status-related variables (size, 
number, vascular invasion, N1, and M1), liver function 
(Child-Pugh grade), and health status (ECOG). The 
BCLC classification divides patients with HCC 
into stages depending on prognostic variables and 
allocates therapies depending on treatment-related 
status (114). For example, BCLC stage B is defined 
as an intermediate stage. Chemoembolization is 
recommended as the standard treatment of intermediate-
stage (BCLC stage B) HCC (114).
 According to the BCLC classification, liver resection 
should be performed only in patients with a small single 
HCC nodule without signs of portal hypertension or 
hyperbilirubinemia. Based on the BCLC classification, 
patients with multiple HCCs, a large HCC, or HCC 
with macrovascular invasion should undergo palliative 
treatment with unsatisfactory long-term results even 
if the lesion is resectable (115-117). However, recent 
studies have reported that surgical resection can lead 
to good short- and long-term survival rates for these 
patients (118-121).
 Therefore, this classification has been criticized 
because it excludes many patients who could benefit 
from curative resection (122-125). Use of liver 
resection in cases of multiple HCCs is still controversial 
(126,127). According to the BCLC classification, all 
patients with multiple HCCs should be scheduled for 
percutaneous ablation or TACE if liver transplantation 
is contraindicated (125). Poon et al. (128) reported 
a 5-year survival rate of 60% after liver resection 
in patients with fewer than 3 HCC nodules ≤ 3 cm. 
Ruzzenente et al. (121) conducted a study of 464 
patients with HCC from a multi-institutional database 
and they found that patients with fewer than 3 nodules 
who underwent liver resection had a higher survival 
rate than those who were treated with local ablative 
therapies (including percutaneous ablation and TACE), 
as indicated by a median survival time of 58 months 
versus 20 months with local ablative therapies (p < 
0.01). These findings were verified by a subsequent 
randomized controlled trial. The authors reported that 
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patients with multifocal HCC meeting the Milan criteria 
had a 5-year survival rate of 69% after liver resection 
and 45% after radiofrequency ablation (p = 0.042) (129). 
In selected patients with multinodular BCLC B (more 
than 3 nodules) HCC and preserved liver function, liver 
resection yielded better long-term results than TACE 
with a 5-year survival rate of 36-37% compared to 11-
14% with TACE (130). Although further studies need 
to verify these results, liver resection seems to offer 
satisfactory long-term results for patients with multiple 
HCCs. Macrovascular invasion (MVI) is one of the 
strongest predictors of survival in patients with HCC 
(131,132). The median survival time for patients with 
untreated HCC and PVTT is 2.7 months while that 
for patients with untreated HCC and MVI is 5 months 
(133,134). After sorafenib treatment, these patients are 
reported to have a survival time of 6 months (135). In 
recent series of surgical cases including MVI by HCC, 
the postoperative mortality rate ranged from 3.4% to 
7.7% and the morbidity rate ranged from 30.8% to 
37.1% (120,136,137). In a multicenter study of 102 
patients with MVI by HCC who underwent surgical 
resection, Pawlik et al. reported that patients had a 
5-year survival rate of 10% (120). Better survival rates 
are reported for selected patients with PVTT, with a 
5-year survival rate ranging from 11% to 42% according 
to the literature (137-140). According to the Hong Kong 
Consensus Recommendations on the Management 
of Hepatocellular Carcinoma, resection may be 
considered in some patients with BCLC grade B or C 
liver disease, which the Consensus Recommendations 
classify as HKLC stage II. According to the Consensus 
Recommendations, resection of isolated extrahepatic 
metastasis after hepatic resection is justified in 
selected patients with HKLC stage II HCC (141). No 
meta-analyses have been performed, so the available 
evidence is limited.
 Recent improvements in surgical techniques and 
perioperative care have enhanced the feasibility and 
safety of liver resection with satisfactory long-term 
results in selected patients with early HCC and PH and 
with intermediate-advanced HCC. Based on the BCLC 
algorithm, the EASL/AASLD guidelines currently 
exclude many patients from curative treatment even 
though they may benefit from liver resection. No other 
HCC classification has been recognized worldwide. 
Based on data in the literature, the treatment strategy 
should be tailored to the individual patient. Thus, 
the BCLC algorithm should be revised and clinical 
guidelines that possibly include new molecular 
classifications should be introduced (142).

7. Conclusion 

The incidence of HCC has been increasing worldwide. 
HCC remains an aggressive malignancy that is one 
of the more common causes of cancer-related death. 

Surgery is the primary option for tumor treatment 
and is thus the most effective therapy to allow the 
best overall survival and recurrence-free survival for 
patients. Surgery will gain further importance since 
there are emerging insights into the indications for liver 
resection to treat HCC indicating that these indications 
can be expanded to tumor stages outside of previous 
recommendations. This malignancy can be cured in 
appropriately selected patients through use of advanced 
surgical techniques. Newer imaging modalities continue 
to advance, surgical approaches are being devised, and 
patient selection is improving, so there are grounds 
for believing that the outcomes of HCC treatment will 
improve.
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