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a b s t r a c t

Background: Hepatocellular carcinoma (HCC) is frequently diagnosed as multinodular. This study aims to
assess prognostic factors for survival and identify patients with multiple HCC who may benefit from
surgery beyond the Barcelona Clinic Liver Cancer classification indications.
Methods: This retrospective study included all the consecutive patients from 4 Italian tertiary centers
receiving liver resection for naive multiple HCC between 1990 and 2012 to have a potential follow-up of 5
years.
Results: Included patients were 144. Ninety-day morbidity and mortality rates were 38.3% and 8.3%,
respectively. The 5-year overall and disease-free survival rates were 33.3% and 19.1%, respectively. Tumor
size <3 cm, bilirubin, Child-Pugh A, BCLC-A stage, being within “up-to-7” criteria, and minor resections
resulted in prognostic factors. The Child-Pugh score resulted in an independent prognostic factor.
Conclusions: Surgery may be related to good outcomes in selected patients with multiple HCC.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Hepatocellular carcinoma (HCC) is the most frequent primitive
liver tumor1 and it is a highly lethal neoplasm being the third
leading cause of cancer mortality worldwide.2 Despite the intro-
duction and implementation of structured follow-up programs,
HCC is still diagnosed in advanced/multiple form in approximately
44% of cases.3 Differentiation between the multifocal and multi-
nodular form is usually tricky even though these two types may
have different prognosis.4

Over the past 20 years, several guidelines for the management
of HCC have been proposed. The Barcelona Clinic Liver Cancer
t, Department of Clinical and
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(BCLC) classification is a prognostic and staging system that con-
siders tumor number and dimension, liver function, and patient
conditions and indicates tumor treatment. The BCLC is a widely
used classification and it is endorsed by the American Association
for the Study of Liver Disease (AASLD) and the European Associa-
tion for the Study of Liver (EASL).1 According to this guideline, only
30e40% of the patients with HCC are suitable for curative treat-
ments.5 In the presence of multiple nodules, when specific criteria
are met, liver transplantation (LT) is the best option removing both
the tumor and the failing liver in which future malignancies may
regrow. However, the organ shortage limits the availability of LT
with long waiting lists and significant dropout rates.

Consequently, the need for alternative treatments, improve-
ments in surgical technique, and ameliorations in perioperative
care6 have driven further surgery indications. Many papers
demonstrated that hepatic resections might provide good short
outcomes and improve survival in well-selected patients with
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Table 1
Demographics and clinical characteristics of the Patients.

Patients’
characteristics

Age (y) 66.,3 ± 10.,5
Sex

Male 114 (79.2%)
Female 30 (20.8%)

Hepatitis Etiology (N, %)
Viral hepatitis 93 (64.6%)
HCV 77 (53.5%)
HBV 18 (12.5%)
Alcoholic 36 (25%)
Idiopathic 23 (16%)

Cirrhosis (N, %)
No 35 (24.3%)
Yes 109 (75.7%)
Viral Cirrhosis 82 (75.2%)
Alcoholic Cirrhosis 21 (19.3%)
Idiopathic Cirrhosis 6 (5.5%)

Liver Function
Blood tests

GPT (mU/ml) 77.03 ± 74.5
GOT (mU/ml) 77.95 ± 77.3
INR 1.08 ± 0.14
Albumin (g/dL) 3.82 ± 0.52
Bilirubin (mg/dl) 0.94 ± 0.61
Platelets (103/ml) 171.07 ± 108.3

Child-Pugh score (N, %)
A 131 (91%)
B 13 (9%)

BCLC stage (N, %)
A 40 (27.8%)
B 104 (72.2%)

“Up-to-700 criteria
In 86 (59.7%)
Out 58 (40.3%)

ALBI score
x � �2.6 46 (38.6%)
�2.6 < x � �1.39 73 (61.4%)

HCV¼ Hepatitis C Virus.
HBV¼ Hepatitis B Virus.
GPT ¼ Glutamic Pyruvic Transaminase.
GOT ¼ Glutamic Oxaloacetic Transaminase.
INR¼ International Normalised Ratio.
BCLC¼ Barcelona Clinic Liver Cancer.
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multiple HCC.7e10 Furthermore, neither portal hypertension (PHT)
or large nodules are reported to be an absolute contraindication to
surgery.11e14 In Eastern countries, new evidence-based flow-charts
with broader indications for resective surgery have already been
reported.15,16

This Italian retrospective multicentric study aimed to find
prognostic factors for survival in patients with multiple HCC to
identify which of them could benefit from surgical resection
beyond actual guidelines.

Materials and methods

Study design and patients

This multicentric, retrospective study involved four Italian
referral centers: Mauriziano Hospital, Turin; Regina Elena National
Cancer Institute, Rome; Sant’Orsola-Malpighi Hospital, Bologna,
and Careggi University Hospital, Florence (coordinator center).

The centers were asked to fill a database including all the
consecutive patients who underwent surgery for naive multiple
HCC from January 1990 to May 2012. Since the differentiation be-
tween multifocal and multinodular forms is challenging, all the
patients were considered as suffering from “multiple” HCC.

Inclusion criteria were radiological diagnosis of multiple HCCs;
no radiologic macroscopic vascular invasion; Child-Pugh class A or
B7; absence of ascites and no signs of PHT (defined as the presence
of esophageal varices or a platelet count of <60 000/mL in associ-
ation with splenomegaly). The exclusion criterion was a previous
treatment (transarterial chemoembolization -TACE-, liver re-
sections, or ablation treatment).

Perioperative evaluation

Several demographic and preoperative clinical variables,
including liver status, were analyzed. Preoperative diagnostic
workup included a Computed Tomography (CT) scan and Magnetic
Resonance Imaging (MRI), as best indicated for each patient. Tumor
size was defined as the major radiological diameter of the largest
tumor. Patients were stratified according to the Child-Pugh score,
BCLC stage,5 “up-to-7” criteria,17 and ALBI score.18 Patients within
“up-to-7” criteria were those with 7 as the sum of the major
diameter in centimeter of the largest tumor with the tumor’s total
number. The ALBI score was calculated with the formula x¼(log10
bilirubin� 0.66)þ (albumin��0.085) and patients were classified
as ALBI grade 1 if x � �2.60 or ALBI grade 2 if �2.60 < x � �1.39.

According to Brisbane’s classification, the type of resection was
divided into major resection (removal of at least 3 segments) and
minor resection. Minor resections comprehended anatomic re-
sections and nonanatomic (parenchymal sparing) resections.
Intraoperative ultrasonography (IOUS) was routinely used to
complete the staging and to confirm preoperative planning.

Postoperative management and patient follow-up

Postoperative morbidity was evaluated according to Clavien-
Dindo classification.19

Patients were followed every 3, 6, and 12 months for the first
year after surgery and then every six months or annually with the
US or a CT scan according to patient and tumor characteristics, for 5
years after surgery. Overall survival (OS) was defined as the period
between surgery and the last available follow-up or death. Disease-
free survival (DFS) was defined as the period between surgery and
the first recurrence diagnosis. Recurrence of HCC was defined as a
new tumor diagnosis.

Every decision about patient treatment was taken after a
600
multidisciplinary evaluation.

Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation (SD). Univariate analysis was performed using t-test or chi-
square test, as appropriate. Survival rates were obtained using
Kaplan-Meier curves and compared using the log-rank test. The
relation between the clinical variables and OS/DFS after resection
was evaluated by the univariate analysis. Variables significantly
associated with survival in univariate analysis were tested with the
Cox multivariate regression model. Statistical significance was
defined as a p value < 0.05.

All collected information was analyzed using the SPSS for
Windows 21.0 software package (SPSS Inc., Chicago, Illinois, USA).

Results

Patient characteristics

A total of 144 patients was included in the study.
Preoperative characteristics and baseline demographics are

summarized in Table 1. Hepatitis was mostly related to virus
infection and coinfection of hepatitis B virus and hepatitis C virus



Table 2
Tumor characteristics.

Tumor characteristics

Nodules (N, %) 2e3 118 (81.9%)
4þ 26 (18.1%)

Diameters (N,%) 4.5 ± 3.7 (mean ± SD)
<3 cm 51 (35.4%)
3e5 cm 50 (34.7%)
>5 cm 43 (29.9%)

SD¼ Standard Deviation.
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was discovered in 2 patients. Eight patients had multifactorial
hepatitis. A great majority of the patients had liver cirrhosis. Most
of the cirrhotic patients were classified as Child-Pugh A and BCLC-B,
according to BCLC classification.

Tumor characteristics are summarized in Table 2, while the
frequency of the different hepatic resections performed is outlined
in Table 3. Minor resections were the most frequently performed
operations.
Postoperative short-term outcomes and survival analysis

Morbidity rate was 38.3%. Thirty- and 90-day mortality rates
were 7% and 8.3%, respectively. Considering separately the mor-
tality rate in the periods 1990e1999 and 2000e2012, 30-day
mortality rates were 22.6% and 2.5%, respectively, while 90-day
mortality rates were 22.6% and 4.4%, respectively.

The 1-, 3-, and 5-year OS rates were 80.6%, 43.8% and 33.3%,
respectively (Fig. 1a) while the 1-, 3-, and 5-year DFS rates were
65.5%, 35% and 19.1%, respectively (Fig. 1b). Clinicopathologic
factors affecting survival in resected multiple HCC.

Several clinicopathologic factors were analyzed in the univariate
analysis to detect prognostic factors for survival following surgical
resection (Table 4).

Sex was not a prognostic factor even in the presence of a slightly
better 3- and 5-years OS in male patients (Fig. 2). The presence of
cirrhosis was not found to be a significant prognostic factor.

The major radiological diameter of the largest tumor resulted in
a significant prognostic factor for OS (p ¼ 0.024): patients with a
smaller than 3 cm tumor had the best prognosis (Fig. 3a). On the
contrary, tumor number was not a significant prognostic factor
(Fig. 3b).

Non-cirrhotic and Child A patients had a significantly better
prognosis when compared to Child B patients. All Child B patients
died within 30 months from surgery (Fig. 4a). BCLC classification
was identified as a significant prognostic factor, with patients
within stage A having the best prognosis (Fig. 4b). Stratification,
according to the ALBI score, did not result in a prognostic factor
(p ¼ 0.547).

Patients within “up-to-7” criteria had a prognostic advantage
when comparedwith patients outside “up-to-7” criteria (p¼ 0.023)
(Fig. 5).
Table 3
Type of resection performed.

BCLC* A

Major Resections 40 (27.8%) 3 (7.5%)

Minor Resections 104 (72.2%) 37 (35.6%
typical 50 (48.1%) 13 (35.1%)
atypical 54 (51.9%) 24 (64.9%)

7.5% vs 92

BCLC¼ Barcelona Clinic Liver Cancer Classification.
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Minor resections allowed a better prognosis compared to major
resections with a marginally significant difference (p ¼ 0.054)
(Fig. 6a), while there were no statistical differences in DFS between
patients undergoing major or minor (typical/atypical) resections
(Fig. 6b).

Tumor size, total bilirubin, Child-Pugh score, BCLC stage, “up-to-
7” criteria in or out, and type of resection were tested with multi-
variate Cox analysis. Only the Child-Pugh score resulted in an in-
dependent prognostic factor for survival (Table 5).
Discussion

Despite follow-up programs, HCC is still diagnosed in a multiple
presentation in a considerable percentage of the patients.20 On a
theoretical basis, LT offers the best results, even beyond Milan
criteria.17 However, the organ shortage remains an overwhelming
and unsolved problem. In the past years, multiple presentation of
HCC was considered an unfavorable prognostic factor being asso-
ciated with early recurrence and a high probability of postoperative
complications when resection was performed.5 Progressive tech-
nological and technical improvements (including greater use of
IOUS and better surgical coagulation devices), growing adoption of
minimally invasive surgery and parenchymal-sparing techniques
along with better perioperative management, led to the achieve-
ment of superior postoperative outcomes. Furthermore, a higher
probability of oncological radicality and a lower impact on patients
and liver function21 may be obtained, as confirmed in our paper.
Considering separately the periods 1990e1999 and 2000e2012,
the mortality rate changes radically from 22.6% to 2.5%, below the
recommended 3% proposed by the recently published EASL
guidelines.1 However, the discrepancy between these two periods
may also be related to the different sample sizes (31 patients
treated before 2000 versus 113 patients treated after 2000). The 1-,
3-, and 5-year OS were 80.6%, 43.8%, and 33.3%, respectively, while
the same rates for the BCLC-B patients (72.2% of the group) were
74%, 37.5%, and 26.9%, respectively. According to the BCLC guideline,
TACE should be indicated for BCLC-B patients providing an ex-
pected OS of about 30 months1,5 with a lower morbidity rate when
compared with surgery.14,22e24 In a large meta-analysis of Yang,25

including 9580 patients with single large or multiple HCC, 1-, 3-
and 5-years OS rates after TACE were 68.3%, 31.5%, and 17.5%.

Safety and feasibility of hepatic resection associated with good
survival outcomes inwell-selected patients withmultiple HCC have
been previously reported.7,26e29 Torzilli et al.9 published the so-
called “East-West Study”, including results from 2046 patients
from 9 different referral centers from America, Asia, and Europe.
The 90-day postoperative mortality was 2.7% despite BCLC class
and 5-years OS and DFS rates were 57% and 27%, respectively, for
BCLC-B patients. In another recent systematic review of large/
multiple HCC performed by Zhong et al.29 involving 14 808 pa-
tients, the global 5-year OS and DFS were 42% and 26%, respec-
tively; intrahospital mortality rate ranged from 2.7% to 7.3% and
morbidity rate ranged from 26.6% to 32.3%. However, these papers
BCLC* B

37 (92.5%) 7.5% vs 92.5%

) 67 (64.4%) 35.6% vs 64.4%
37 (55.2%)
30 (44.8%)

.5% 35.6% vs 64.4%



Fig. 1a. Survival analysis. a. Kaplan-Meier curve of Overall Survival.

Fig. 1b. Kaplan-Meier curve of Disease-Free Survival.

Table 4
Univariate Analysis of prognostic factors for Overall Survival.

Variable N (%) 5-years survival (%) p value

Bilirubin < 0.001
Tumor size 0.024
Child-Pugh < 0.001
A 131 (91%) 36.6%
B 13 (9%) 0%
BCLC 0.010
A 40 (27.8%) 50%
B 104 (72.2%) 26.9%
Major vs. Minor Resection 0.054
Major 40(27.8%) 22.5%
Minor 104(72.2%) 37.5%
“Up-to-7” criteria 0.023
In 86(59.7%) 39.5%
Out 58(40.3%) 24.1%
ALBI score 0.33

BCLC¼ Barcelona Clinic Liver Cancer Classification.

Fig. 2. Patient-related prognostic factors. Kaplan-Meier curve of Overall Survival stratifie
49.1%, and 36.8% versus 83.3%, 26.7%, and 20%, respectively, p ¼ 0.100.
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and several others20,29,30 considered the whole BCLC intermediate
stage that comprehends a heterogeneous group of patients. In
particular, it is recognized that large solitary HCCs have a better
prognosis than multiple HCC.7

Indeed, the patient’s selection is of paramount importance to
achieve good results, especially when pushing indication beyond
existing guidelines.

In this paper, univariate analyses revealed that tumor size
smaller than 3 cm, bilirubin level, absence of cirrhosis and Child A
stage, BCLC-A, and being within Milan revised “up-to seven”
criteria were significant prognostic factors associated with better
outcomes.

Cirrhosis was not a prognostic factor in the present study,
probably because of the small number of non-cirrhotic patients and
the accurate selection of cirrhotic patients indicated for surgery.

As confirmed in our paper, tumor size is a well-known prog-
nostic factor associated with the probability of vascular invasion
and metastasization when bigger than 5 cm.8,9

Tumor number was not a significant prognostic factor in the
present paper. However, the patient groupwith 4-plus nodules was
much smaller than the other (26 versus 118). This fact, associated
with a good selection of the patients, may explain these results.
Interestingly, stage A of BCLC classification (that includes tumor
d according to sex. The 1-, 3- and 5-years OS rates for males and females were 78.1%,



Fig. 3a. Tumor-related prognostic factors. a. Kaplan-Meier curve of Overall Survival
stratified according to tumor size. Patients with a tumor smaller than 3 cm have a
significant (p ¼ 0.024) better prognosis compared to the others with a 5-years OS rate
of 49%, while patients with a tumor size between 3 and 5 cm had a 5-years OS rate of
20.9% and patients with a tumor size bigger than 5 cm had a 5-years OS rate of 28%.

Fig. 3b. Kaplan-Meier curve of Overall Survival stratified according to tumor number.
The 1- 3- and 5-years OS rates were 81%, 46.6%, and 33.9% versus 76.9%, 30.8%, and
30.8% for patients with less than 3 nodules or at least 4 nodules, respectively. There is
no statistically significant difference between the two groups (p ¼ 0.441).

Fig. 4a. Overall survival stratified according to the Child-Pugh score and BCLC classi-
fication. a. Kaplan-Meier curve of Overall Survival stratified according to the Child-
Pugh score. Non-cirrhotic patients and Child A patients had a significantly
(p < 0.001) better prognosis than Child B patients.

Fig. 4b. Kaplan-Meier curve of Overall Survival stratified according to BCLC stage
classification. BCLC-A patients with multiple HCC had a 1-, 3-, 5-years overall survival
rate of 87.5%, 62.5%, and 50%, respectively, compared to 77.9%, 37.5%, and 26.9%,
respectively, for BCLC-B patients (p ¼ 0.010).
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diameter and number and liver function) and being within Milan
“up-to-7” criteria resulted in a significantly better prognosis. Wada
et al.8 performed a recent retrospective analysis of 85 Child A pa-
tients with multiple HCC included in BCLC-A or BCLC-B stages,
dividing them into three groups according to tumor size and
number. The 5-years OS rates ranged from 37.1% to 75.2%, and tu-
mor size and number resulted in independent prognostic factors.

In the present study, the comparison between Child A and Child
B patients showed a significantly worse prognosis for the latter.
Child B subgroup was scarcely represented (13 patients, 9%);
however, none of those patients survived beyond 30 months from
surgery.

Although the early and intermediate stages of the BCLC classi-
fication formally include Child A and Child B classes,5 most of the
previously published papers about this topic analyzed only Child A
603
patients8,14 or involved Child B patients in minimal percentages
without performing Child class subgroup analysis.9,25 Conse-
quently, Child B patients with multiple tumors presentation should
probably receive treatments different from surgery, and only
referral centers could evaluate resection in very selected Child B
patients. However, definite conclusions cannot be drawn, and
further studies may be needed to address this specific issue.

The high recurrence rate is another well-knownproblem related
to multiple HCC. Parenchymal-sparing resections may provide
survival benefit because of the lower impact on postoperative liver



Fig. 5. Kaplan-Meier curve of Overall Survival stratified according to “up-to-7” criteria.
Patients considerable within “up-to-7” criteria had a significantly (p ¼ 0.023) better
prognosis with a 5-years overall survival rate of 39.5% compared to patients outside
these criteria with a 5-years overall survival rate of 24.1%.

Fig. 6a. Kaplan-Meier curve of Overall Survival stratified according to types of resec-
tion performed. Minor resections were related to a marginally significant (p ¼ 0.054)
better prognosis when compared to major resections.

Fig. 6b. Kaplan-Meier curve of Disease-Free Survival stratified according to types of
resection performed. DFS is not significantly different between the two groups
(p ¼ 0.438).

Table 5
Multivariate Analysis of prognostic factors for Overall Survival.

Variable HR 95% CI p value

Bilirubin 0.45 �0.164/-1.041 0.16
BCLC �0.259 �0.862/-0.442 0.42
Child-Pugh score �1.495 �2.523/-0.765 0.002
“Up-to-700 �0.194 �0.791/0.44 0.50
Tumor size 0.004 �0.004/0.18 0.43

HR¼ Hazard Ratio.
CI¼ Confidential Interval.
BCLC¼ Barcelona Clinic Liver Cancer Classification.

I. Bartolini, T. Nelli, N. Russolillo et al. The American Journal of Surgery 222 (2021) 599e605
function and the greater possibility of performing repeated resec-
tion or ablation in case of recurrence. In the present paper, no
statistically significant differences were found in DFS between
major and minor resections, demonstrating that a more conserva-
tive approach was not less radical. Interestingly, almost all major
hepatectomies are performed for BCLC-B patients.

This study has some drawbacks. It is a retrospective series with
the consequent intrinsic selection bias. Although the group of pa-
tients analyzed is homogeneous, including only multifocal/multi-
nodular HCC and with an extended follow-up, it is relatively small.
The period’s width may produce bias, such as the different mor-
tality rates found dividing the analysis into two periods. There was
not a control group to compare the results. Finally, different
604
treatment of patients who experienced recurrence may further
influence survival results.

Conclusion

In conclusion, even in multiple HCC, hepatic resection may be
considered a valid option providing good long-term outcomes with
acceptable morbidity and mortality rates. Accurate choice of the
patients with a multidisciplinary team and tailored treatment is of
capital importance. Patients withmultiple HCC should be evaluated
for a surgical resection instead of palliative treatments, mostly
when classified as Child A, as BCLC-A, when having a maximum
tumor diameter lesser than 3 cm, and when being within “up-to-7”
criteria. Minor resections should be performed whenever possible.

On the contrary, Child B patients with multiple tumors pre-
sentation should not be resected, though definite conclusions
cannot be drawn since they were scarcely represented in the pre-
sent study. Similarly, considering the small number of patients with
4 or more lesions analyzed, these conclusions should be related to
patients with 2 or 3 tumors.

However, in this light, the BCLC classification seems to be quite
restrictive and the selection criteria for resection in the subgroup of
multiple HCC need further evaluations.
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