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Abstract
The Barcelona clinic liver cancer (BCLC) algorithm is the most widely accepted staging system form hepatocellular carci-
noma (HCC). Liver resection is traditionally proposed to early stage HCC (BCLC-0/A), even if recent reports have shown 
that surgical resection could provide a safe and effective treatment also for intermediate-stage HCC (BCLC-B). In this study, 
we focused on surgical and oncological outcomes of hepatic resection in BLCB-B patients. Patients who received hepatic 
resection for early- (BCLC-0/A) or intermediate-stage (BCLC-B) HCC in two tertiary hepatobiliary centers between January 
2003 and December 2016 were included in study. Four-hundred and twenty-nine patients were included in the analysis. At 
the time of resection, 298 patients were classified as BCLC-A/0 and 131 as BCLC-B. Despite a higher complication rate in 
BCLC-B group (49.6% vs 32.9%; p = 0.001), the incidence of clinically relevant complications did not differ significantly 
between the two groups (16.0% vs 10.1%; p = 0.079); moreover, postoperative mortality (4.6% vs 2.7%; p = 0.309) and 
relapse-free survival (RFS) were similar between BCLC-0/A and BCLC-B group (1-, 3-, and 5-year RFS: 74, 43, and 31% 
vs 59, 38, and 34%; p = 0.180). Overall survival was slightly worse in BCLC-B group (1-, 3-, and 5-year overall survival of 
89, 70, and 52% vs. 77, 51, and 44%; p = 0.004). Focusing on BCLC-B group, a Child–Pugh score B (HR 2.47; p = 0.003), 
growing number of nodules (HR 3.04; p = 0.003), and R1 resection (HR 2.43; p = 0.005) beard a higher risk of tumor recur-
rence, while overall survival was negatively affected by the presence of more than two nodules (HR 3.66; p = 0.0001) and 
R1 resection (HR 3.06; p = 0.0001); patients presenting single-large HCC experienced a better overall survival (HR 0.53; 
p = 0.014) and lower recurrence-rate (HR 0.60; p = 0.046). Hepatic resection for intermediate-stage HCC shows acceptable 
results in terms of perioperative morbidity and mortality, with better oncological outcomes in patients with lower number 
of lesions despite of their size.

Keywords  Hepatocellular carcinoma · BCLC · Liver resection · Liver surgery

Abbreviations
BCLC	� Barcelona clinic liver cancer
HCC	� Hepatocellular carcinoma
TACE	� Transarterial chemoembolization
LT	� Liver transplantation
HR	� Hepatic resection
RFA	� Radiofrequency ablation
CT	� Computed tomography
MRI	� Magnetic resonance imaging
OR	� Odds ratio
HRs	� Hazard ratio

NTF (Niguarda Transplant Foundation) Research Group has 
contributed to the study by data management and statistical 
analysis.

The members of the NTF Research Group are listed in 
acknowledgements.

 *	 Stefano Di Sandro 
	 stefano.disandro@ospedaleniguarda.it

1	 Department of General Surgery and Transplantation, 
Niguarda Ca’ Granda Hospital, Piazza Ospedale Maggiore 3, 
20162 Milan, Italy

2	 School of Medicine and Surgery, University 
of Milano-Bicocca, Milan, Italy

3	 Department of Surgical Sciences, University of Pavia, Pavia, 
Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s13304-019-00649-w&domain=pdf


286	 Updates in Surgery (2019) 71:285–293

1 3

Introduction

Hepatocellular carcinoma (HCC) represents the third 
cause of cancer-related death worldwide, it accounts for 
85–90% of primary liver tumors, and it is associated with 
liver cirrhosis in more than 80% of patients [1, 2].

The Barcelona clinic liver cancer (BCLC) algorithm is 
the most widely accepted staging system form hepatocel-
lular carcinoma (HCC) [3].

Liver transplantation (LT), radiofrequency ablation 
(RFA), and hepatic resection (HR) represent potential radi-
cal treatments for HCC: RFA feasibility and effectiveness 
depends on HCC localization and size [4, 5], and LT avail-
ability is limited by organ/donor shortage [6, 7]. For these 
reasons, HR is often the only available option for radical 
treatment in HCC patients.

Despite HR should be exclusively offered to early stage 
(BCLC-0/A) HCC according to BCLC algorithm, recent 
studies have proven its efficacy and safety even for BCLC-
B patients [8–10] and other reports have also demonstrated 
its superiority in comparison with trans-arterial chemoem-
bolization (TACE) [11–13].

In the present study, we retrospectively analyzed surgi-
cal and oncological outcomes of HR for BCLC-B patients, 
considering patients with an early stage (BCLC-0/A) HCC 
as a control group.

Materials and methods

Study overview

All data were retrieved from two university-affiliated 
hepato-pancreato-biliary teaching center prospective data-
base, and anonymized prior to analysis.

The study protocol followed the ethical guidelines of 
the 1975 Declaration of Helsinki (as revised in Brazil 
2013).

Local Ethical Committees review of the protocol deemed 
that formal approval was not required owing to the retrospec-
tive, observational, and anonymous nature of this study.

Results are reported according to Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines [14].

Study aim

The primary outcome was to evaluate the surgical and 
oncological outcomes of HR for BCLC-B patients, con-
sidering BCLC-0/A as a control group.

The secondary outcome was to analyze the risk factors 
for HCC recurrence or death in BLBC-B group.

Study population and definitions

All adult patients (age ≥ 18 years) who consecutively under-
went hepatic resection for HCC between January 2003 and 
December 2016 were evaluated for this study.

As extracted from prospective databases, all tumors were 
classified according to the 2003 BCLC classification [15], 
that was followed during data entry until the publishing of 
the 2018 update [3].

Major hepatectomy was defined as the removal of three 
or more Couinaud segments.

All postoperative complications were graded according 
to the Dindo–Clavien classification [16]; clinically relevant 
complications were defined as Dindo–Clavien grade ≥ 3a.

Overall survival and relapse-free survival were defined as 
the time between the date of surgery and the date of death 
or tumor recurrence.

Postoperative mortality was defined as death within 
90 days after surgery or before discharge.

BCLC-C tumors, patients with an R2 resection, and 
patients presenting macrovascular invasion on pathologi-
cal examination were excluded from the analysis, as well 
as patients who have received combined hepatectomy and 
intraoperative ablation.

Pre‑ and postoperative management

HCC diagnosis was made by computed tomography (CT) 
or magnetic resonance imaging (MRI) according to EASL 
guidelines [17], and confirmed by histopathological exami-
nation of surgical samples for all patients.

Preoperative liver function was assessed according to the 
Child–Pugh and MELD scores.

Surgical indication was always discussed in a multidis-
ciplinary team board including hepatologists, oncologists, 
radiologists, and surgeons.

HR was performed beyond EASL/AASLD recommen-
dations only in patients in whom surgical tumor removal 
was possible with and estimated risk/benefit ratio in favor of 
surgery when compared with other available options.

Liver transplantation was excluded in case of HCC exten-
sion beyond the up-to-seven criteria [18], advanced age 
(> 70 years old), or presence of macrovascular invasion.

Postoperative follow-up was carried out according to 
ESMO/ESDO clinical guidelines [19].

Each recurrence was discussed in a multidisciplinary 
board to choose the best treatment option, including salvage 
liver transplantation in selected cases [20, 21].
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Surgical procedure

All patients received low-molecular weight heparin the 
day before surgery and 2 g of cefazolin 30 min before 
skin incision. Surgical procedures were performed both 
in open and laparoscopic approach, as described else-
where [22]. In open surgery, the first step to achieve liver 

isolation was hepatic pedicle suspension on an umbilical 
cotton tape, while, in laparoscopic surgery, this step was 
performed only if necessary. Intraoperative ultrasound 
was systematically performed both in open and laparo-
scopic surgery to define the limit of parenchymal tran-
section and to assess the vascular anatomy of the liver. 
After hepatic mobilization, anatomical or non-anatomical 

Table 1   Patient and tumor 
characteristics

BCLC-A/0
N. 298

BCLC-B
N. 131

All patients
N. 429

p value

N % N % N %

Age > 65 175 58.7 71 54.2 246 57.3 0.383
 Male 198 66.4 94 71.8 292 68.1 0.277

Etiology
 HBV 35 11.7 23 17.6 58 13.5 < 0.0001
 HCV 158 53.0 44 33.6 202 47.1
 Alcohol 29 9.7 13 9.9 42 9.8
 Alcohol/virus 27 9.1 6 4.6 33 7.7
 Other 49 16.4 45 34.3 94 21.9

Portal hypertension 77 25.8 37 28.2 114 26.6 0.603
R1 25 8.4 19 14.5 44 10.3 0.054
Splenomegaly 68 22.8 28 21.4 96 22.4 0.741
Child–Pugh A 267 89.9 110 84.0 377 88.1 0.081
MELD ≤ 9 232 77.8 97 74.0 329 76.7 0.390
Platelet count < 100 × 103/mm2 83 28.8 26 20.2 109 26.1 0.063
α-fetoprotein, units/ml [median, (IQR)] 9 4–48 17 5–316 10 5–60 0.057
Bilobar disease 14 4.7 26 19.8 40 9.3 < 0.0001
Major hepatectomy 12 4.0 36 27.5 48 11.2 < 0.0001
Laparoscopic resection 60 20.1 5 3.8 65 15.1 < 0.0001
Pringle maneuver 81 27.2 48 36.6 129 30.1 0.049
CT Scan: number of nodules
 1 262 87.9 75 57.2 337 78.5 < 0.0001
 2 29 9.7 42 32.1 71 16.6
 3 7 2.3 6 4.6 13 3.0
 > 3 – – 8 6.1 8 1.9

CT scan: size of biggest nodule (cm)
 ≤ 2 88 29.5 2 1.5 90 21.0 < 0.0001
 > 2–≤ 5 210 70.5 31 23.7 241 56.2
 > 5 – – 98 74.8 98 22.8

pT
 1 188 63.1 49 37.4 237 55.2 < 0.0001
 2 99 33.2 52 39.7 151 35.2
 3 11 3.7 30 22.9 41 9.6

Grading
 G1 27 9.2 4 3.1 31 7.3 0.057
 G2 162 55.3 71 54.6 233 55.1
 G3 104 35.5 55 42.3 159 37.6

Presence of microvascular invasion 77 25.8 57 43.5 134 31.2 0.0003
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resections were performed using Cavitron Ultrasound 
Surgical Aspiration-irrigation devices (CUSA) and Ligas-
ure sealing devices; hemostasis and cauterization of the 
raw hepatic surface performed by bipolar forceps and/or 
prolene 4–5/0 stitches. Intermittent hepatic pedicle clamp-
ing (15 min of clamp with 5 min of releases) was used in 
several cases according to surgeon preference and hepa-
tectomy extension.

Statistical analysis

Differences in the distribution of patients and tumor charac-
teristics according to BCLC classification (A/0 vs B) were 
evaluated using the Chi-square test.

The relapse-free survival and overall survival functions 
were estimated using the Kaplan–Meier method.

The log-rank test was used to assess differences between 
groups.

The hazard ratios (HRs) were estimated using Cox pro-
portional hazards model.

All the analyses were carried out using the SAS software 
(SAS Institute, Cary, NC).

p values < 0.05 were deemed statistically significant; all 
reported p values were two-sided.

Results

Study group characteristics

Four-hundred and seventy-four patients underwent hepatic 
resection for HCC in the two centers between January 2003 
and December 2016.

Twenty-five patients were excluded from analysis, 
because they were classified as BCLC-C, 5 patients were 
excluded for the presence of macroscopic infiltration of the 
resection margins (R2), and 15 patients were excluded for 
detection of macrovascular invasion on resected specimen; 
429 patients were finally included in the analysis.

Two-hundred and ninety-eight patients were classified as 
BCLC-A/0 and 131 as BCLC-B and included in the analysis.

The two groups showed no statistically significant differ-
ences in terms of age, gender, preoperative liver function, 
and a-FP levels, while the number and size of lesions was 
greater in BCLC-B group (p < 0.0001).

Major resections were more frequent in BCLC-B group 
(p < 0.0001), as well as pedicle clamping (p = 0.049), while 
laparoscopic approach was less frequently used (p < 0.0001).

At histologic examination, there was no difference in 
terms of tumor grading, while microvascular invasion was 
more frequent in BCLC-B group (p = 0.0003) (Table 1).

Table 2   Postoperative 
complications in patients with 
BCLC A/0 and B HCC

BCLC-A/0
N. 298

BCLC-B
N. 131

All patients
N. 429

N % N % N % p value

Overall complication 98 32.9 65 49.6 163 38.0 0.001
Clinically relevant complications 30 10.1 21 16.0 51 11.9 0.079
Postoperative mortality 8 2.7 6 4.6 14 3.3 0.309
Complication severity (Clavien–Dindo classification)
No complications 200 67.1 66 50.4 266 62.0 0.026
 Grade 1 21 7.0 11 8.4 32 7.5
 Grade 2 47 15.8 33 25.2 80 18.7
 Grade 3 14 4.7 12 9.2 26 6.1
 Grade 4 8 2.7 3 2.3 11 2.6
 Grade 5 8 2.7 6 4.6 14 3.3

Operative time (min)
 ≤ 180 175 58.9 59 45.0 234 54.7 0.008
 > 180 122 41.1 72 55.0 194 45.3

Length of stay (days)
 ≤ 8 167 56.8 46 35.7 213 50.4 < 0.0001
 > 8 127 43.2 83 64.3 210 49.6
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Fig. 1   Relapse-free survival 
(a) and overall survival (b) 
for BCLC-A/0 and BCLC-B 
patients after liver resection for 
HCC

298 199 102 56 23 7
131 79 44 29 13 7

Number of subjects at risk
BCLC A0
BCLC B

0 2 4 6 8 10

Years from surgery

0.0

0.2

0.4

0.6

0.8

1.0

O
ve
ra
ll
su
rv
iv
al

Log Rank p-value : 0.004

BCLC B
BCLC A0

298 126 49 29 13 6
131 45 28 20 8 3

Number of subjects at risk
BCLC A0
BCLC B

0 2 4 6 8 10

Years from surgery

0.0

0.2

0.4

0.6

0.8

1.0

R
el
ap

se
-fr

ee
su
rv
iv
al

Log Rank p-value : 0.180

BCLC B
BCLC A0

A

B



290	 Updates in Surgery (2019) 71:285–293

1 3

Intra‑ and postoperative outcomes

Operative time was longer in BCLC-B group compared with 
BCLC-A/0 (195 min IQR: 150–255 min vs 170 min, IQR: 
130–210 min; p = 0.0002).

Despite a higher complication rate in BCLC-B group 
(49.6% vs 32.9%; p = 0.001), the incidence of clinically rel-
evant complications did not differ significantly between the 
two groups (16.0% vs 10.1%; p = 0.079), as well as postop-
erative mortality (4.6% vs 2.7%; p = 0.309).

Moreover, BCLC-B patients experienced a longer postop-
erative course (10 vs 8 days; p < 0.0001) (Table 2).

Survival analysis

The 1-, 3-, and 5-year relapse-free survival was 74, 43, and 
31% for BCLC-0/A patients and 59, 38, and 34% for BCLC-
B patients (p = 0.180) (Fig. 1a).

The 1-, 3-, and 5-year overall survival was 89, 70, and 
52% for BCLC-A/0 patients and 77, 51, and 44% for BCLC-
B patients (p = 0.004) (Fig. 1b).

The median follow-up was 2.9 years (IQR 1.4–5.1) for 
the entire cohort; 3.0 years (IQR 1.6–5.1) for the BCLC-0/A 
group, and 2.4 years (IQR 1.1–5.5) for BCLC-B patients.

Subanalysis of BCLC‑B group

Prognostic factors affecting relapse-free survival and overall 
survival in the BCLC-B group were analyzed using univari-
ate Cox-regression models (Table 3).

Analyzing relapse-free survival, growing number of nod-
ules (HR 3.04; p = 0.003—Fig. 2), bilobar disease (HR 1.93; 
p = 0.014), CTP-B (HR 2.47; p = 0.003), and R1 resection 
(HR 2.43; p = 0.005) were associated with a higher risk of 
tumor recurrence following resection.

An MELD score > 9 (HR 2.26; p = 0.001), CTP-B (HR 
3.04; p = 0.0002), the presence of more than two nodules (HR 
3.66; p = 0.0001), and R1 resection (HR 3.06; p < 0.0001) 
negatively affected overall survival.

Notably, the presence of a large (> 5 cm) single lesion 
showed a protective effect on relapse-free survival (HR 0.60; 
p = 0.005) and overall survival (HR 0.53; p = 0.014).

Table 3   Cox’s regression model for relapse-free and overall survival of BCLC-B patients included in the study

Variable Levels N. Overall survival Relapse-free survival

N. deaths HR (95% CI) p value N. relapses HR (95% CI) p value

All patients – 131 79 – – 79
Age ≤ 65 60 35 Ref. 38 Ref.

> 65 71 44 0.95 (0.61–1.49) 0.834 41 0.79 (0.51–1.23) 0.304
Gender Female 37 22 Ref. 24 Ref.

Male 94 57 0.95 (0.58–1.56) 0.853 55 0.78 (0.49–1.27) 0.332
Child–Pugh A 110 64 Ref. 65 Ref.

B 21 15 3.04 (1.68–5.53) 0.0002 14 2.47 (1.35–4.52) 0.003
MELD score ≤ 9 97 54 Ref. 59 Ref.

> 9 34 25 2.26 (1.38–3.70) 0.001 20 1.35 (0.81–2.26) 0.254
α-Fetoprotein ≤ 20 38 21 Ref. 23 Ref.

20–400 17 11 1.42 (0.69–2.97) 0.899 13 1.44 (0.71–2.91) 0.314
> 400 16 11 1.39 (0.67–2.89) 0.771 10 0.97 (0.46–2.03) 0.924

Number of nodules 1 75 42 Ref. 42 Ref.
2 42 25 1.43 (0.87–2.36) 0.159 28 1.74 (1.07–2.82) 0.026
> 2 14 12 3.66 (1.87–7.15) 0.0001 9 3.04 (1.45–6.35) 0.003

Bilobar disease No 105 61 Ref. 60 Ref.
Yes 26 18 1.53 (0.90–2.60) 0.113 19 1.93 (1.14–3.25) 0.014

Size of the biggest nodule ≤ 5 cm 33 22 Ref. 21 Ref.
> 5 cm 98 57 0.53 (0.32–0.88) 0.014 58 0.60 (0.36–0.99) 0.046

Resection margins R0 112 62 Ref. 67 Ref.
R1 19 17 3.06 (1.74–5.23) < 0.0001 12 2.43 (1.31–4.53) 0.005

Microvascular invasion No 74 45 Ref. 40 Ref.
Yes 57 34 0.98 (0.63–1.54) 0.882 39 1.40 (0.90–2.17) 0.139
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Discussion

Recent advances in surgical technique, perioperative care, 
and accurate patient selection have gradually reduced the 
morbidity and mortality of hepatic resection [23, 24], 
which has started to be proposed to intermediate-stage 
HCC with encouraging results in terms of postoperative 
and oncological outcomes.

In our population, BCLC-B patients presented with 
more numerous and bigger tumors compared to BCLC-0/A 
group, which is implicit in the use of BCLC classification, 
while underlying liver function was similar between the two 
groups.

Our study highlighted a significantly higher rate of post-
operative complications in BCLC-B cohort of patients com-
pared to BCLC-0/A group, which may be justified by the 
higher rate of major hepatectomies, more frequent pedicle 
clamping, less use of laparoscopy, and longer operative 
times for intermediate-stage HCC.

Notably, our analysis did not show any increased risk of 
clinically relevant complications perioperative mortality 
despite a longer hospital stay.

These results confirm that surgical resection represent 
a more complex but still appealing treatment option for 
BCLC-B patients.

This conclusion is also supported by a large multicenter 
analysis of 2046 patients carried out by Torzilli et al. [25], 
which found no difference in postoperative morbidity and 
mortality between BCLC-0/A and BCLC-B patients.

Focusing on oncological outcomes of our study popula-
tion, the 1-, 3-, and 5-year relapse-free survival was 74, 43, 
and 31% for BCLC-0/A patients and 59, 38, and 34% for 
BCLC-B patients, without any statistically significant dif-
ference between the two groups.

These results do not differ from other series where 1-, 
3-, and 5-year relapse-free survival for BCLC-B patients 
range between 60 and 63%, 32 and 38%, and 15 and 30% 
[8, 12, 25].

On the other hand, 1-, 3-, and 5-year overall survival was 
89, 70, and 52% for BCLC-A/0 patients and 77, 51, and 
44% for BCLC-B patients, respectively, highlighting only a 
slightly worse prognosis of BCLC-B group when compared 
to BCLC-A/0.

Our results are again similar to those from other groups 
where the reported overall survival for resected BCLC-B 
ranges between 76 and 88%, 48 and 75%, and 33 and 64% 
[8, 13, 25–27].

The last part of our study focused on survival analysis of 
BCLC-B group; the effect of a multifocal and bilobar tumor 
as well as an R1 resection on relapse-free survival is quite 

Fig. 2   Relapse-free survival for 
BCLC-B patients after resection 
for HCC stratified by number of 
resected lesions
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intuitive and confirms the observations from other authors 
[28, 29], while the association between a CTP-B and a worse 
relapse-free survival could be explained by higher tumori-
genesis in more advanced stages of liver cirrhosis [30].

Focusing on overall survival, higher MELD and CTP 
score represented two risk factors for a worse OS, reflecting 
a higher risk of liver failure and cancer-unrelated death.

Notably, the presence of more than two nodules and R1 
resection was associated with a worse overall survival, while 
a tumor size of more than 5 cm exerted a protective effect.

The main limitations of our study are its retrospective 
nature and the utilization of the 2003 BCLC classification 
due to prospective data entry: despite that, the results of 
subgroup analysis of BCLC-B patients strongly support 
the recent re-classifications of large uninodular tumors as 
BCLC-A [3].

In conclusion, hepatic resection for intermediate-stage 
HCC is a safe procedure with acceptable postoperative 
morbidity and mortality rates, and should be encouraged 
in patients with preserved liver function and low number 
of nodules; importantly, the results of our study support the 
recent re-classification of large (> 5 cm) single HCC nod-
ules in the BCLC-A subgroup, along with the indication for 
their surgical resection, as long as a complete (R0) resection 
could be achievable.

Lay summary for general audience

Hepatocellular carcinoma is the most frequent tumor of the 
liver. Surgery along with liver transplantation is the best cure 
for this cancer. Following BCLC guidelines, only patients in 
early stage should be treated with surgery. However, selected 
patients with intermediate- or advanced-stage HCC could 
benefit from surgical treatment.
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