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Proposal for subclassification to select patients
for hepatectomy with intermediate hepatocellular
carcinoma and Child–Pugh A liver function
A double-center study from China
Wei Xu, MDa, Quan Rao, MDa, Yongbo An, MDa, Mengyi Li, MDa, Gang Xu, MDb, Xinting Sang, MDb,
Xin Lu, MDb, Zhongtao Zhang, MD, PhDa,∗, Yilei Mao, MD, PhDb,∗

Abstract Increasing evidence has shown that hepatectomy provides a longer overall survival (OS) for patients with hepatocellular
carcinoma (HCC) in the intermediate stage. Unfortunately, not all patients benefit from liver resection, even if hepatectomy is feasible.
This study aimed to propose a subclassification to select patients for surgical resection.
OS of patients with intermediate-stage HCC who underwent hepatectomy at Beijing Friendship Hospital or Peking Union Medical

College Hospital were reviewed. Patients were divided into 2 groups based on the results of survival analysis. The prognosis of these
patients was compared with that in those who were treated by trans-arterial chemoembolization (TACE) in each subgroup.
A total of 259 patients with intermediate-stage HCC who were initially treated by hepatectomy were included. Multivariate analysis

showed that cumulative tumor size and tumor number independently affected tumor recurrence and survival time of these patients.
Patients were then divided into group A (tumor size <11cm and tumor number < 4; n=205) and group B (tumor size ≥11cm and
tumor number ≥ 4; n=54). Multivariate analysis showed that hepatectomy was independently associated with longer OS compared
with TACE in patients in group A (hazard ratio=0.67, 95% confidence interval=0.49–0.90), but not in group B.
Surgical management of intermediate-stage HCC should be performed with more complexity than current practice. Hepatic

resection could be considered as the first-line treatment only for patients with HCC who have a cumulative tumor size of less than 11
cm and <4 tumors.

Abbreviations: AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, BCLC=Barcelona
Clinic Liver Cancer, CT = computed tomography, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus,
MRI = magnetic resonance imaging, OS = overall survival, PT = prothrombin time, TACE = trans-arterial chemoembolization.

Keywords: clinical stage, hepatectomy, hepatocellular carcinoma, intermediate stage, prognosis
Editor: Goran Augustin.

This study was supported by Beijing Municipal Administration of Hospitals
Clinical Medicine Development of Special Funding Support (No. ZYLX201504),
National Key Technologies R&D Program (No. 2015BAI13B09); National Key
Technology Research and Development Program of China 2012 (grant number
BAI06B01), National Natural Science Foundation of China (81201566), the
National High Technology Research and Development Program (“863” Program)
of China (2015AA020303), and the Specialized Research Fund for the Doctoral
Program of Higher Education (20121106110002).

The authors have no conflicts of interest to disclose.
a Department of General Surgery, Beijing Friendship Hospital, Capital Medical
University, Beijing Key Laboratory of Cancer Invasion and Metastasis Research,
National Clinical Research Center for Digestive Diseases, b Department of
Liver Surgery, Peking Union Medical College Hospital, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing,
PR China.
∗
Correspondence: Zhongtao Zhang, Department of General Surgery, Beijing

Friendship Hospital, Capital Medical University (e-mail: zhangzht@ccmu.edu.cn),
Yilei Mao, Department of Liver Surgery, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College
(e-mail: pumch-liver@hotmail.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Medicine (2018) 97:32(e11800)

Received: 2 February 2018 / Accepted: 15 July 2018

http://dx.doi.org/10.1097/MD.0000000000011800

1

1. Introduction

Hepatocellular carcinoma (HCC) has the fifth highest incidence
among types of cancer and has the third highest cancer mortality
worldwide.[1] The Barcelona Clinic Liver Cancer (BCLC) staging
system is a commonly used staging system accounting for tumor
burden, liver function, and other general conditions in HCC.[2]

According to the BCLC staging system, curative treatment,
including hepatic resection and radio-frequency ablation, are
only indicated for patients with HCC in the early stage, while
those with the intermediate stage should have palliative
treatment.[3] However, increasing evidence has shown that
overall survival (OS) of patients with intermediate HCC and
Child–Pugh A liver function treated by hepatic resection is longer
than that in those after palliative treatment, especially in Asia-
Pacific studies.[4–11] Hepatic resection may result in a survival
benefit over trans-arterial chemoembolization (TACE) and
should be considered as the first-line treatment.
Not all patients with intermediate-stage HCCbenefit from liver

resection, even if hepatectomy is feasible. The prognosis of
patients with HCC in the intermediate stage is still poor after
surgical treatment, with many dying within 1 year, or even in the
perioperative period.[12] We speculate that only some of these
patients would have improved survival rates with hepatectomy
because intermediate-stage HCC is a heterogeneous category.
Subclassifications of stage B patients based on outcomes of HCC
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have been reported; and correlations between these subclassifi-
cations and effectiveness of TACE treatment have been
demonstrated.[13,14] However, little information is currently
available regarding which patients with intermediate-stage HCC
should consider hepatectomy as the first-line treatment, especially
for those with large multifocal tumors treated by liver resection.
More information on intermediate-stage HCC is necessary

because specific analyses of surgical patient subgroups to detect
prognostic factors with liver resection may further predict
patients’ outcomes. Therefore, we investigated B stage sub-
classifications to facilitate more appropriate management of these
patients. In the present study, we conducted a double center,
retrospective study from the National Clinical Research Centre
for Digestive Disease in China (Beijing Friendship Hospital) and
Department of Liver Surgery (Peking Union Medical College
Hospital). We analyzed information to identify patients with
intermediate-stage HCC who may have potential survival benefit
from hepatectomy.

2. Methods

2.1. Patients

Patients with BCLC stage B HCC who underwent curative
resection or TACE between January 2000 and January 2012 at
Beijing Friendship Hospital or Peking Union Medical College
Hospital were identified from databases. Patients with intermedi-
ate-stage cancer who met the diagnostic criteria and treatment
methods were included. However, those with other initial
treatments (except for hepatic resection or TACE) who suffered
from previous or simultaneous multiple primary malignancies, or
had vague clinical-pathological parameters (e.g., tumor size) were
excluded. The study protocol was approved by the institutional
review board or ethics committee of each participating institution.
The 2 hospitals that participated in the present study serve as

the National Clinical Research Centre for Digestive Disease or
Liver Disease centers in China. Each hospital employs specialists
in hepatology, radiology, and surgery for diagnosis and
treatment of HCC. The quality of clinical practice and records
were assessed by 2 statisticians.

2.2. Diagnostic criteria and treatment methods

Diagnosis of HCC was based on abdominal ultrasonography
plus dynamic computed tomography (CT), magnetic resonance
imaging (MRI), or both, as recommended by the Updated
Standards for the Diagnosis and Treatment of Primary Liver
Cancer.[15] Patients who were treated by surgical resection were
confirmed by pathology. BCLC stage BHCCwas defined asHCC
in the intermediate stage. These patients had Child–Pugh grade A
or B liver function, large, multifocal tumors (cumulative tumor
size >5cm or >3 tumor nodules), and the absence of cancer-
related symptoms, macrovascular invasion, or extra-hepatic
spread.[16]

The preoperative conditions of patients who were treated by
hepatectomy were reassessed to ensure that they conformed to
the surgical resection criteria outlined in the Updated Standards
for the Diagnosis and Treatment of Primary Liver Cancer. These
criteria include a normal general condition with no obvious
pathological changes to the heart, lungs, kidney, and other
important organs, and normal or reserved liver function with
short-term therapy for protecting the liver.
All surgical planning and operations were performed with

similar surgical techniques as follows. The resection area was
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determined with the aim of removing its deepest portion,
combining minimal parenchymal sacrifice and the flattest cut
surface. Hilar dissection with the intent to perform systemic
lymphadenectomy was not routinely performed, except in
patients who were suspected as having metastatic lymph nodes
on preoperative magnetic resonance imaging or computed
tomography. Parenchymal transection was performed by the
Cavitron ultrasonic aspiration system or Ligasure as the
operating surgeon’s preference. The hilar pedicle was encircled
by tourniquets, and transient hepatic inflow occlusion during
parenchymal transection was obtained by Pringle’s maneuver.
Upon conclusion of liver transection, the cut surface of the liver
was routinely monitored for 20minutes, and any sites of bleeding
or bile leakage were well controlled.
The records of patients who were treated by TACE were also re-

evaluated.Theconditionsof thesepatients, suchaspretreatment liver
function, renal function, and coagulation function, were confirmed
using the TACE criteria outlined in the Updated Standards for the
Diagnosis and Treatment of Primary Liver Cancer.[15] Similar
planning and techniques were performed and reassessed.
2.3. Clinical and pathological features

Clinical data were collected, including those for age, sex, and
laboratory test results, including levels of alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), total bilirubin, and
albumin, prothrombin time (PT), hemoglobin, serum hepatitis B
virus (HBV) surface antigen (HBsAg) levels, hepatitis C virus
(HCV) antibody levels, and serum alpha-fetoprotein (AFP) levels.
Information regarding tumor number, cumulative tumor size,
and extra-hepatic spread was recorded based on CT or MRI.
Liver function was assessed by the Child–Pugh scoring system.
Pathological features, such as tumor differentiation, were
required in the resection group and were graded by the
Edmondson grading system.[17]
2.4. Surveillance for tumor recurrence and follow-up

All of the patients were regularly followed up by the outpatient
department. The patients were prospectively monitored for
recurrence with a standard protocol that included measurement
of serum AFP levels, an ultrasound examination, and a contrast
CT or MRI examination. Patients were followed up every 3
months during the first postoperative year and at least every 6
months thereafter. Abdominal CT or MRI scans were performed
every 6 months. Recurrence was diagnosed based on the typical
imaging appearance on CT or MRI. A positron emission
tomography scan was suggested in patients who underwent
surgery unless new suspicious lesions were detected by CT or
MRI. Further appropriate treatments could be used for patients
whowere diagnosed with HCC recurrence. OSwas defined as the
interval between surgery and death or the last date of follow-up.
Disease-free survival (DFS) was calculated from the date of
resection to the date when tumor recurrence was diagnosed. If
recurrence was not diagnosed at the time of study, the cases were
censored on the date of death or the last date of follow-up.
2.5. Statistical analysis

Clinical and pathological factors of the groups were compared
using Fisher’s exact test or Pearson’s x2-test, as appropriate. The
survival rate was calculated using the Kaplan–Meier method.
Cox regression analysis was performed to identify independent



Table 1

Clinical characteristics of patients with intermediate-stage hepatocellular carcinoma.

Characteristics Resection group (n=259) TACE group (n=372) P-value

Age, years 56.75±12.43 55.64±11.11 .24
Male, no. (%)

∗
215 (83) 317 (85) .51

ALT, IU/L 48.97±44.82 54.75±42.18 .11
AST, IU/L 52.89±38.16 51.68±33.33 .69
Total bilirubin, mmol/L 17.18±8.95 18.35±11.80 .17
Albumin, g/L 39.33±4.63 39.71±4.60 .34
PT, s 12.37±1.28 12.53±1.11 .10
Hemoglobin, g/L 140.92±19.12 139.33±18.01 .31
AFP (>20 ng/mL), No. (%) 158 (61) 222 (60) .74
HBsAg (+), No. (%) 175 (68) 267 (72) .29
HCV antibody (+), No. (%) 19 (7) 34 (9) .47
Child–Pugh Grade (Grade A/B) 259/0 368/4 .15
Cumulative tumor size, cm 8.34±3.39 8.62±3.53 .32
Tumors number (≥4/2–3) 5/254 38/334 <.01

AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, HCV=hepatitis C virus, TACE= trans-arterial chemoembolization
∗
No., number.

Xu et al. Medicine (2018) 97:32 www.md-journal.com
risk factors with the hazard ratio (HR) and 95% confidence
interval (CI). A value of P< .05 was considered statistically
significant. Outcome-based threshold optimization was assessed
by using X-title software.[18] Data analysis was performed using
SPSS 19.0 software.
3. Results

3.1. Patients

A total of 631 patients with BCLC stage B HCC were included.
Among them, 259 patients were treated with resection and 372
with TACE. The baseline demographic data and tumor character-
istics are shown in Table 1. Themajority of the characteristics that
were examined in the resection and TACE groups were
comparable, including age, sex, and preoperative liver function.
For liver function, 100% and 98.9% patients scored Child–Pugh
Class A, respectively. More patients suffered from 4 or more
tumors in the TACE group than in resection group, and both
groups had a mean cumulative tumor size >8cm.
3.2. Survival analysis of patients with BCLC stage B HCC

The final follow-up for all patients was February 2017. The
median follow-up time of patients with BCLC stage B HCC was
Figure 1. (A) Survival analysis of patients with intermediate-stage HCC who und
subgroup (P<.01). (C) Survival analysis in group B vs the TACE-B subgroup (P= .2
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37.6 months (range, 0.3–60 months). For patients with BCLC
stage B HCCwho were treated by resection, the 1-, 3-, and 5-year
DFS rates were 77.1%, 46.2%, and 27.3%, respectively, and OS
rates were 86.5%, 53.8%, and 33.8%, respectively. The
perioperative death rate of these patients was 1.9% (5/259).
The 1-, 3-, and 5-year OS rates (73.9%, 45.7%, and 28.9%,
respectively) for patients with TACE were significantly lower
than those treated by liver resection (P= .03, Fig. 1A).
Univariate analysis showed that cumulative tumor size, tumor

number, Edmondson grade, AFP, HBsAg, AST, and PT were
prognostic factors for DFS or OS of patients with BCLC stage B
HCC. Multivariate analysis showed that a tumor number of ≥4
and cumulative tumor size ≥11cm were independent risk factors
for tumor recurrence and poor prognosis of these patients
(Table 2). Moreover, 11cm was selected as the threshold for the
cumulative tumor size (Fig. 2A–C) and 4 was selected as
the threshold for the number of tumors (Fig. 2D–F) based on the
results of survival-associated analysis by X-title software.

3.3. Group classification

Based on the results of multivariate analysis, cumulative tumor
size and tumor number were selected for group classification.
Patients with intermediate-stage HCC who had surgical
erwent resection (H, P= .03). (B) Survival analysis in group A vs the TACE-A
3). HCC=hepatocellular carcinoma, TACE= trans-arterial chemoembolization.
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Table 2

Univariate andmultivariate analyses of risk factors related to overall survival of patientswith intermediate-stage hepatocellular carcinoma
treated by resection.

Parameters

OS DFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Median survival
time (month) P-value HR (95% CI) P-value

Median survival
time (month) P-value HR (95% CI) P-value

Age (≥57/<57 years) 37.6/37.6 .57 — .99 32.8/31.7 .73 — .71
Gender (Male/Female) 38.8/33.5 .30 — .62 35.7/24.2 .11 — .12
ALT (>40/�40 U/L) 34.8/41.4 .42 — .82 27.2/36.9 .11 — .84
AST (>40/�40 U/L) 34.6/42.0 .04 — .42 22.7/40.2 <.01 — .05
Total bilirubin (>22.2/�22.2 mmol/L) 40.2/37.0 .78 — .64 31.6/31.2 .88 — .53
Albumin (<35/≥35 g/L) 29.6/38.8 .11 — .71 22.8/34.5 .16 — .64
PT (>12.6/�12.6 s) 34.8/43.9 .03 — .15 29.3/35.7 <.01 — .08
Hemoglobin (<120/≥120 g/L) 29.6/38.8 .19 — .24 29.6/34.4 .42 — .43
AFP (>20/�20 ng/mL) 35.9/48.9 .02 — .12 27.4/42.0 .01 — .15
HBsAg (+/�) 36.2/44.8 .02 — .13 27.4/38.6 .01 — .15
HCV antibody (+/�) 31.2/38.8 .20 — .20 29.3/34.4 .21 — .27
Tumors number (≥4/2–3) 9.6/38.8 <.01 7.09 (2.53-19.93) <.01 9.6/34.4 .01 4.29 (1.55-11.85) <.01
Tumors size (≥11cm/<11cm) 24.9/41.4 <.01 1.74 (1.13-2.67) .01 15.5/36.9 <.01 1.60 (1.15-2.24) <.01
Edmondson grade (III–IV/I–II) 27.9/43.9 <.01 — .07 20.9/38.6 <.01 1.79 (1.26-2.55) <.01

AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, DFS=disease-free survival, HCV=hepatitis C virus, OS= overall survival, PT=prothrombin time, TACE= trans-
arterial chemoembolization.
“Bold” value means the “P” value is less than 0.05.
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treatment were divided into group A (cumulative tumor size<11
cm and tumor number <4; n=205) and group B (cumulative
tumor size ≥11cm or tumor number ≥4; n=54). Patients with
HCC in the TACE group were also divided into subgroups by the
criteria mentioned above (TACE-A, n=279; TACE-B, n=93;
Table 3).
Figure 2. Optimal threshold selection of cumulative tumor size and tumor number b
defined by the most significant (brightest pixel) point on the plot. Diffuse bright pixe
good prognosis. (B) Relationship between the number of patients and deviation in
number divided at the optimal threshold was 4. (E) Relationship between the numbe
number.

4

3.4. Clinical characteristics and OS of the subgroups

Baseline demographic data and tumor characteristics of patients
who received hepatic resection were re-evaluated in each
subgroup and compared with those of patients who were treated
by TACE (Table 3). For patients in group A, the baseline
demographic data and tumor characteristics were comparable
ased on X-tile software. (A) Tumor size was divided at the optimal threshold, as
ls indicate a continuous indirect association between increasing tumor size and
tumor size. (C) Survival analysis based on deviation in tumor size. (D) The tumor
r of patients and tumor number. (F) Survival analysis based on deviation of tumor



Table 3

Clinical characteristics of patients with intermediate-stage hepatocellular carcinoma.

Characteristics Group A (n=205) TACE-A (n=279) P-value Group B (n=54) TACE-B (n=93) P-value

Age, years 57.13±12.05 55.84±10.96 .16 54.59±13.70 55.05±11.60 .16
Male, No. (%)

∗
171 (83) 237 (85) .71 44 (81) 80 (86) .49

ALT (IU/L) 48.17±44.49 51.03±36.71 .11 51.89±46.31 65.79±54.07 .12
AST (IU/L) 47.69±33.49 48.29±29.42 .84 71.21±47.34 61.65±41.44 .22
Total bilirubin, mmol/L 16.86±8.74 18.02±9.81 .20 18. 31±9.68 19.32±16.38 .65
Albumin, g/L 39.52±4.59 40.00±4.56 .27 38.65±4.76 38.84±4.63 .81
PT, s 12.37±1.33 12.51±1.15 .23 12.36±1.09 12.58±0.99 .23
Hemoglobin, g/L 141.34±19.32 139.95±18.17 .44 139.40±18.50 137.52±17.53 .16
AFP (>20 ng/mL), No. (%)

∗
118 (58) 163 (58) .85 40 (74) 59 (63) .21

HBsAg (+), No. (%)
∗

134 (65) 199 (71) .17 41 (76) 68 (73) .85
HCV antibody (+), No. (%)

∗
16 (8) 24 (9) .87 3 (6) 10 (11) .37

Child–Pugh Grade (Grade A/B) 204/0 276/3 .27 54/0 92/1 1.00
Cumulative tumor size, cm 7.04±1.74 7.27±1.47 .11 13.28±3.58 12.68±4.66 .38
Tumors number
(≥4/2–3) 0/205 0/279 5/49 38/55 <0.01

AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, HCV=hepatitis C virus, TACE= trans-arterial chemoembolization.
∗
No., number.
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with patients in the TACE-A subgroup. The 1-, 3-, and 5-year
cumulative survival rates in group A patients were 90.4%,
58.3%, and 37.1%, respectively, and their perioperative death
rate was 1.5% (3/205). For patients in the TACE-A subgroup, the
1-, 3-, and 5-year cumulative survival rates were 72.5%, 47.8%,
and 31.2%, respectively (Fig. 1B). Univariate analysis showed
that AST levels, albumin levels, PT, AFP levels, tumor size, and
treatment methods significantly affected the OS of patients.
Multivariate analysis showed that hepatectomy resulted in longer
OS in patients in group A compared with TACE independently
(HR=0.67, 95% CI=0.49–0.90) (Table 4).
For patients in group B, most of the clinical characteristics were

comparable with those in the TACE-B subgroup, except for the
number of tumors. Interestingly, although patients in the TACE-
B subgroup suffered from more tumor lesions, their 1-, 3-, and 5-
year cumulative survival rates were comparable with those in
Table 4

Univariate andmultivariate analyses of risk factors related to overall su
in subgroups.

Parameters

Group A + TACE-A

Univariate analysis Multivar

Median survival
time, months P-value HR (95%

Age (≥57/<57 years) 38.8/37.6 .84 —

Gender (male/female) 37.6/40.0 .90 —

ALT (>40/�40 U/L) 34.6/40.2 .48 —

AST (>40/�40 U/L) 34.3/41.4 <.01 —

Total bilirubin (>22.2/�22.2 mmol/L) 37.6/38.8 .16 —

Albumin (<35/≥35 g/L) 25.9/38.8 .02 —

PT (>12.6/�12.6 s) 31.2/44.8 <.01 1.54 (1.16–
Hemoglobin (<120/≥120 g/L) 27.7/39.3 .05 —

AFP (>20/�20 ng/mL) 32.8/48.9 <.01 1.58 (1.16–
HBsAg (+/�) 40.0/37.3 .32 —

HCV antibody (+/�) 38.7/31.2 .23 —

Tumors number (≥4/2–3) — — —

Tumors size (group A: ≥7 cm/<7 cm;
group B: ≥13.5 cm/<13.5 cm)

∗
44.8/34.4 .01 —

Treatment methods (Resection/TACE) 42.0/34.3 <.01 0.69 (0.52–

AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, ACE= trans
∗
Groups were divided by X-title software.
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group B patients (77.9%, 38.5%, and 26.0% vs 67.2%, 34.6%,
and 21.4%, respectively, P= .23, Fig. 1C). Furthermore, the
perioperative death rate of group B patients was 3.7% (2/54).
Univariate analysis showed that only AST was associated with
prognosis of patients with HCC. Multivariate analysis showed
that surgical resection did not lead to a survival benefit in patients
in group B (Table 4).
4. Discussion

Increasing evidence has shown that liver resection provides a
longer OS for patients with BCLC stage B than palliative
treatments. Hepatic resection is considered a safe and effective
treatment for large multinodular HCC.When technically feasible
and clinically appropriate, liver resection should be performed
for this condition.[19] However, recent studies have shown that
rvival of patientswith intermediate-stage hepatocellular carcinoma

Group B + TACE-B

iate analysis Univariate analysis Multivariate analysis

CI) P-value
Median survival
time, months P-value HR (95% CI) P-value

.96 28.5/21.6 .99 — .88
1.00 27.7/26.4 .29 — .33
.20 21.6/36.2 .05 — .17
.39 24.0/52.5 .02 1.77 (1.00-3.12) .05
.68 25.5/28.5 .25 — .23
.06 15.3/29.3 .05 — .13

2.06) <.01 21.0/31.1 .11 — .32
.08 22.7/28.5 .50 — .88

2.06) <.01 25.5/31.1 .42 — .38
.59 25.0/37.5 .15 — .27
.25 39.3/27.7 .75 — .82
— 23.0/28.5 .22 — .28
.13 21.6/29.3 .12 — .72

0.92) <.01 23.0/30.8 .23 — .19

-arterial chemoembolization.
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not all patients with BCLC stage B HCC receive a survival benefit
from hepatectomy. Additionally, liver resection is even regarded
as a futile procedure for those with unfavorable surgical
outcomes, such as perioperative death or death within 1 year
of surgery because of tumor recurrence.[20] Our previous research
showed that nearly 20%of patients with BCLC stage BHCCdied
within 1 year, even if they received surgical treatment, rigorous
postoperative monitoring, and appropriate treatment for recur-
rent tumors.[12] Therefore, a thorough selection process is
essential to ensure that only patients who may receive a potential
survival benefit may proceed to liver resection.
In the present double-center study, a large number of patients

with BCLC stage B HCC with preoperative liver function of
Child–Pugh class A were included. Multivariate analysis showed
that cumulative tumor size and tumor number were indepen-
dently associated with surgical outcome for HCC. Based on X-
title software analysis, the optimized threshold for cumulative
tumor size was 11cm and that for the number of tumors was 4.
Patients with large multinodular HCC within these 2 cut-off
values had a 1-year postoperative cumulative survival rate of
90.4% and a perioperative death rate of 1.5%. Further,
univariate and multivariate analyses showed that these patients
receivedmore prognostic improvement with resection rather than
TACE. In contrast, for patients with a cumulative tumor size ≥11
cm or ≥4 tumors, resection was not an independent protective
risk factor for survival in multivariate Cox regression models.
The present study proposed a selection criterion of a

cumulative tumor size less than 11cm for patients with BCLC
stage B HCC who were preparing to receive curative intent
surgery. This criterion radically differs from recent findings by
Vitale et al.[9] They argued that tumor size may not have an
negative effect on the benefit of resection in intermediate stage
HCC, suggesting that aggressive treatments should be consid-
ered, when clinically applicable, to achieve themaximum survival
benefit. In contrast, cumulative tumor size independently affected
OS of patients with BCLC stage B HCC in some series,[13,14,21–24]

but there has been no consensus on which criteria should be used.
Bolondi et al proposed a subclassification of intermediate-stage

HCC.[13] This classification incorporates the “beyondMilan and
up-to-7 tumors” criteria, a concept that combines the size and
number of tumors.[21] In Bolondi’s substaging system, resection
was only considered as an alternative treatment method of TACE
for HCC within the “up-to-7 criteria.” This system is reportedly
useful in the stratification of patients with intermediate-stage
HCC because prognosis worsens as substaging progresses,[22] but
the recommended treatment methods remain controversial. Ciria
et al. showed that patients with HCC within the up-to-7 criteria
should consider resection as the first-line treatment [23] because
the OS rate with resection was significantly higher than that with
TACE. Even with HCC tumors >7cm, resection may also be
considered if anatomical and pathological acceptable criteria are
met. Additionally, in a report by Weinmann et al,[14] no
prognostic meaningwas identified for Bolondi’s subclassification.
Arizumi et al[24] modified criteria for Bolondi’s substaging

system and recommended resection or even ablation for patients
who met the up-to-7 criteria with well-preserved liver function.
Although the Kinki criteria were suitable for subclassification of
patients with intermediate stage HCC in a study by Arizumi
et al.[24], more than 55% patients were classified as B2 stage and
lost their chance of receiving surgery. Additionally, the effect of
their treatment method was not shown in their series. Another
criterion described as “within up-to-10” was proposed in some
series.[10] Although the effect of cumulative tumor size was shown
6

in these studies, the threshold was determined based on clinical
practice. In the present study, more than half of the patients
treated by resection (54.1%, 140/259) were beyond the up-to-7
criteria. Therefore, the Kinki criteria may be too narrow, and do
not fit our patient series. We developed a more expanded criteria
as “up-to-11,” for cut-off values for continuous clinical factors as
determined by X-title software statistical analysis. The survival
benefits achieved by liver resection were shown in multivariate
analysis.
In our study, we also added “tumor number <4’ to clarify the

role of hepatic resection in patients with intermediate HCC. This
criterion is in accordance with the Evidence-Based Clinical
Practice Guidelines in Japan and KLCSG-NCC Korea Practice
Guideline for the Management of Hepatocellular Carcino-
ma.[25,26] Interestingly, the number of surgical procedures
sharply decreased with a tumor number of >3 in our series,
possibly because of anatomically unacceptable or insufficient
remaining liver volume after resection. In the resection group,
more than 90% (239/259) of patients in BCLC stage B suffered
from HCC with 2 lesions, while only 2% (5/259) had more than
three lesions. Furthermore, a tumor number of <4 may reflect
anatomical or clinical possibility of surgery. Multiple tumors in
the resection group tended to be in adjacent subsections or limited
to one half of the liver, so that residual liver tissue was retained to
a large extent after hepatectomy.
Liver function is a well-known prognostic factor in patients

with HCC undergoing liver resection.[27,28] In many series,
Child–Pugh A class liver function was a necessary condition for
not only resection, but also TACE.[20,23] In the present study, all
patients with BCLC stage B HCC who received hepatectomy had
preoperative liver function in Child–Pugh A class, which fits the
Updated Standards for the Diagnosis and Treatment of Primary
Liver Cancer in China.[15] For patients with Child–Pugh class B
with a major tumor burden, liver resection may increase the risk
of excessive liver damage owing to the need for massive
hepatectomy.
We propose a subclassification for selecting candidate patients

for hepatectomy with Child–Pugh class A liver function as
follows: tumor burden within the up-to-11 criteria and a tumor
number of<4. Patients may receive more prognostic benefit from
liver resection than from TACE. Therefore, resection should be
considered as the first-line treatment for these patients if surgery is
clinically and anatomically applicable. The OS of patients
exceeding the up-to-11 criteria or a tumor number of ≥4 was not
as good as that for up-to-11 criteria or a tumor number of <4.
However, TACE may still be recommended according to the
BCLC staging system. Further studies are warranted to determine
the optimal treatment methods for these patients.
This study has some limitations that are inherent in

retrospective studies. These limitations include the following:
observational data collected at a specific point; missing data
because of patients lost to follow-up; difficulty in obtaining some
pathological data, such as etiologies of liver disease besides HBV
or HCV; cirrhosis and its severity; and selection bias. In the
absence of adequately powered randomized clinical trials,
propensity score analysis should have been used in this study
tomost closely simulate a randomized clinical trial. However, our
study was limited by our relatively small sample size, making a
truly matched study unfeasible. Some important therapeutic
methods, such as hepatic resection after TACE or associating
liver partition and portal vein ligation for staged hepatectomy,
were not included in the present study. Although 2 hospitals
participated in the present study, to ensure our results are
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applicable beyond China, a larger series of patients from a multi-
geographic patient base is required in the future.
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