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Abstract

AIM: To investigate preoperative factors associated
with poor short-term outcome after resection for multi-
nodular hepatocellular carcinoma (HCC) and to assess
the contraindication of patients for surgery.

METHODS: We retrospectively analyzed 162 multi-
nodular HCC patients with Child-Pugh A liver function
who underwent surgical resection. The prognostic
significance of preoperative factors was investigated
by univariate analysis using the log-rank test and by
multivariate analysis using the Cox proportional hazards
model. Each independent risk factor was then assigned
points to construct a scoring model to evaluate the in-
dication for surgical intervention. A receiver operating
characteristics (ROC) curve was constructed to assess
the predictive ability of this system.
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RESULTS: The median overall survival was 38.3 mo
(range: 3-80 mo), while the median disease-free sur-
vival was 18.6 mo (range: 1-79 mo). The 1-year mor-
tality was 14%. Independent prognostic risk factors of
1-year death included prealbumin < 170 mg/L [hazard
ratio (HR): 5.531, P < 0.001], alkaline phosphatase >
129 U/L (HR: 3.252, P = 0.005), o fetoprotein > 20
ug/L (HR: 7.477, P = 0.011), total tumor size > 8 cm
(HR: 10.543; P < 0.001), platelet count < 100 x 10°/L
(HR: 9.937, P < 0.001), and y-glutamyl transpeptidase
> 64 U/L (HR: 3.791, P < 0.001). The scoring model
had a strong ability to predict 1-year survival (area
under ROC: 0.925, P < 0.001). Patients with a score
= 5 had significantly poorer short-term outcome than
those with a score < 5 (1-year mortality: 62% vs 5%,
P < 0.001; 1-year recurrence rate: 86% vs 33%, P <
0.001). Patients with score = 5 had greater possibility
of microvascular invasion (P < 0.001), poor tumor dif-
ferentiation (P = 0.003), liver cirrhosis with small nod-
ules (P < 0.001), and intraoperative blood transfusion
(P = 0.010).

CONCLUSION: A composite preoperative scoring
model can be used as an indication of prognosis of HCC
patients after surgical resection. Resection should be
considered with caution in patients with a score = 5,
which indicates a contraindication for surgery.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer deaths worldwide, with the highest inci-
dence rates reported in East Asia™?. Multinodular HCC
accounts for a large number of HCC cases. For these pa-
tients, hepatic resection may lead to an increased risk of
postoperative liver failure and the recurrence rates after
resection are higher than those for a single HCC. Hence,
multinodular HCC have been considered a controversial
indication for hepatic resection, especially for cases in-
volving liver cirrhosis".

However, the fact that patients with multinodular
HCC have poorer survival than those with a single small
tumor should not be considered a sufficient reason for
excluding them from undergoing resection. Although
liver transplantation is considered another curative treat-
ment, its application is hampered by the lack of liver
donors and high drop-out rates”. The efficacy of radio-
frequency ablation (RFA) is greatly limited by tumor size
and location. Chemoembolization has been regarded as a
palliative method with lower rates of tumor necrosis'™.
With developments in surgical techniques and periopera-
tive treatment, the safety of hepatic resection has mark-
edly improved. Surgical mortality rates have been reduced
to less than 5.0%". Many previous studies have demon-
strated that resection can provide survival benefits for
patients with multinodular HCC™**'?. Therefore, hepatic
resection remains the widely accepted mainstay of cura-
tive treatment for multinodular HCC.

Better patient selection plays a crucial role in the im-
provement of postoperative outcome!”. Although it is
widely accepted that Child-Pugh A cirrhosis can be treat-
ed safely in elective surgery, poor short-term survival still
exists in these patients. It is reported that patients with
multinodular HCC have a 1-year mortality ranging from
14% to 26% after hepatectomy™"”. Several previous stud-
ies reported that HCC patients undergoing non-surgical
therapy had a total 1-year survival rate of 40%-62%>1*1]
and patients without adverse factors who only received
supportive care had a 1-year survival rate of 80%'"",
thus patients who die in the first year after surgery may
not have gained a benefit from hepatic resection. Hepa-
tectomy should not be indicated for these patients even
though there is acceptable perioperative safety.

Several recent studies showed that traditional scoring
systems of liver function such as the Child-Pugh score
have limitations' ™

' and routine parameters may not de-
scribe hepatic impairment sufficiently. Most current stag-
ing systems for HCC focus on predicting petioperative ot
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long-term survival but neglect the short-term outcome.
The risk factors for poor short-term survival in patients
with satisfactory liver function remain unclear. The pres-
ent study was designed to investigate the independent
predictive factors that are associated with poor short-
term outcome after resection of multinodular HCC. We
only focused on the preoperative clinical data that were
most helpful in choosing the optimal initial treatment.
The results may supplement the classical estimation sys-
tem for surgical indication.

MATERIALS AND METHODS

Patients

Between January 2004 and December 2008, we retro-
spectively accumulated 208 consecutive patients with
multinodular HCC underwent hepatic resection at the
Department of Surgery, Eastern Hepatobiliary Surgery
Hospital, Second Military Medical University (Shanghai,
China). We regarded a tumor with a surrounding co-
nodule(s) as a single tumor only when the co-nodule(s)
was attached to the main tumor™"”. Multinodular HCC
was diagnosed when the tumor number was = 2. Fifteen
patients with extrahepatic metastasis and 31 patients
with macroscopic cancerous emboli were excluded. The
remaining 162 patients (28 female, 134 male; mean age,
50.16 years; range: 27-76 years) who underwent curative
hepatic resection were enrolled in this study. The baseline
clinical features are listed in Table 1. All patients had liver
function of Child-Pugh class A. Among them, 44 pa-
tients were Barcelona Clinic Liver Cancer (BCLC) stage
A and 118 BCLC stage B. A total of 156 patients were
diagnosed with hepatitis B virus (HBV) infection, which
was defined as positivity of hepatitis B surface antigen
(HBsAg) in the serum. No patient had a background of
other chronic liver disease. The study protocol was ap-
proved by the clinical research ethics committee of the
hospital. Written informed consent was obtained from all
patients according to the policies of the committee.

Diagnosis of hepatocellular carcinoma and preoperative
assessment

The preoperative diagnosis of multinodular HCC was
based on the findings of focal lesions with signs of early
hyperenhancement and delayed hypoenhancement on
2 different imaging modalities such as enhanced spiral
computed tomography (CT) and magnetic resonance
imaging (MRI), or on the combination of imaging find-
ings and q, fetoprotein (AFP) level™ ™", Tumor size was
defined as the maximal diameter. Routine biopsy of the
lesions was not performed before resection if the lesion
had typical characteristics of HCC. No patient enrolled
in this study received a fine-needle biopsy. The diagnoses
of all patients were confirmed definitively by pathologi-
cal examination after resection. Histological tumor dif-
ferentiation was determined using the Edmonson-Steiner
grading;

Each patient underwent a complete blood count.
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Variable mean/n

Age (yr) 50.16 % 10.65 (range: 27-76)
Gender (male/female) 134:28
HBsAg-positive 156 (96.30%)
HCV-Ab positive 0

HBV-DNA

>10*/L

>10°/L
Child-Pugh score

5

6
TBIL (umol/L)
DBIL (umol/L)
IBIL (umol/L)
ALB (/L)
Prealbumin (mg/L)
PT>13s (n)
ALT >44U/L (n)
AST >38U/L (n)
AFP > 20 pg/L
AFP > 400 pg/L
Diabetes
Cardiovascular hypertension
History of smoke
History of alcoholism
History of other operations
BCLC Staging

Stage A

Stage B
With Milan criteria
With UCSF criteria
TNM staging (6th, 2002 )

T2

T3
Total tumor size (cm)
The largest tumor size (cm)
Number of tumors

2

3

4

>4

Serum creatinine (mmol/L)

Serum urea nitrogen (umol/L)

WBC (x 10°/L)

RBC (x 10*/L)

HGB (g/L)

PLT (x 10°/L)

PLT <100 x 10°/L (n)
Intraoperative transfusion
Postoperative transfusion
Death in 3 mo after operation

88 (140, 62.85%)
32 (140, 22.86%)

148 (97.53%)
10 (2.47%)
15.76 + 5.72 (range: 4.9-33)
5.51 £ 2.26 (range: 1.5-15.5)
10.28 + 4.09 (range: 1-23)
41.32 +3.59 (range: 32-53)
217.73 + 65.83(range:110-500)
41(25.31%) (range: 10.4-17.6)
48 (29.63%) (range: 12.9-235)
88 (54.32%) (range: 12.8-207)
102 (62.96%) (range: 2.5-4537)
59 (36.42%)
14 (8.64%)
16 (9.88%)
50 (30.86%)
24 (14.81%)
20 (12.35%)

44 (27.16%)
118 (72.84%)
44 (27.16%)
86 (53.09%)

103 (63.58%)

59 (36.42%)
7.58 * 4.66 (range: 1.4-23)
5.37 +4.00 (range: 0.7-21)

110

36

10
6
range: 36-119)
range: 2.6-57)
range: 1.66-11.6)
range: 3.3-6.59)
range: 94-146)
range: 31-476)
27.16%)
8.64%)
3.70%)
2.47%)

68.65 + 14.67
5.86 £5.92
523+1.69
4.53£0.52

142.8 +21.32

148.3 +75.93

44
14
6
4

P i i e e e e TN

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; AFP: a fetoprotein; TBIL: Total bilirubin; DBIL: Direct
bilirubin; IBIL: Indirect bilirubin; ALB: Albumin; PT: Prothrombin time;
ALT: Alanine transaminase; AST: Aspartate aminotransferase; BCLC:
Barcelona Clinic Liver Cancer; UCSF: University of California, San
Francisco; WBC: White blood cell; RBC: Red blood cell; PLT: Platelet; HGB:
Hematoglobulin; TNM: Tumor, nodes, metastasis.

Liver impairment was evaluated in all patients by liver
biochemistry, including serum total bilirubin (TBIL),
direct bilirubin, indirect bilirubin, albumin (ALB),
globulin, prealbumin, alanine transaminase, aspartate

aminotransferase (AST), alkaline phosphatase (ALP) and
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y-glutamyl transpeptidase (GGT). Prothrombin time
(PT) and activated partial thromboplastin time were also
determined to evaluate liver function and surgical safety.
Tumor markers, including AFP, carcinoembryonic anti-
gen, carbohydrate antigen 19-9 and o fucosidase (AFU),
were used to identify the tumor origin. The parameters
of HBV infection were tested. We evaluated kidney
function by measuring serum urea nitrogen, creatinine,
uric acid and electrolytes. All patients received an up-
per gastrointestinal endoscopic examination for portal
hypertension and hemorrhage. Patients also underwent
thoracic X-ray to examine metastasis to the lungs. Ab-
dominal ultrasonography and enhanced CT or MRI were
used to evaluate the size and location of the tumors. For
patients older than 60 years or who had a relevant dis-
ease history, pulmonary function tests and cardiovascular
Doppler ultrasound were performed to determine any
contraindications to resection.

Hepatic resection

Hepatic resection was considered the first-line therapy
for patients with Child-Pugh A liver function. The indica-
tions for hepatic resection included the technically feasi-
bility of resection, the absence of macroscopic cancerous
thrombi in vessels, absence of distant metastasis and
sufficient future remnant liver volume in the preoperative
evaluation. Patients with resectable multinodular HCC
received resection immediately without any preoperative
anti-HCC therapy. We defined curative hepatic resection
as complete removal of all the detectable tumors com-
bined with tumor-free margins confirmed by histopathol-
ogy[4’8’13]. In China, most HCC patients had undetlying
liver disease such as hepatitis, fibrosis and cirrhosis,
which result in limited capacity for regeneration. Surgery
must balance resectability with preservation of hepatic
function to reduce the risk of hepatic failure™. For mul-
tinodular HCC, concomitant resection may result in more
blood loss, a longer Pringle time, and a significant change
in blood perfusion and drainage. The limits for safe re-
section of multinodular HCC should be smaller than that
of a single tumor. Therefore, all patients received local
nonanatomic resection. The sutgical procedure has been
reported previously[zﬂ. The tumors of 44 patients were
resected en bloc (27.16%), and 118 patients underwent
multinodular hepatic resections (72.84%). Intraoperative
ultrasonography was always used to detect non-visible,
nonpalpable nodules and to check the resection plane.
Resection margins were examined by a microscopic his-
tological test.

Follow-up

All patients were regulatly followed up for recurrence by
determination of AFP, liver enzymes, complete blood
count, and CT or MRI scan monthly for the first 3 mo
after resection. If there was no recurrence, the frequency
of routine examination was changed to once every 3
mo. Tumor recurrence was identified by new lesions on
imaging with appearances typical of HCC, a rising AFP
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level, or rapid enlargement of lesions without typical
HCC characteristics. If tumor recurrence was diagnosed,
patients received a second hepatectomy, chemoemboliza-
tion and locoregional ablation, such as RFA or percutane-
ous ethanol rejection.

Statistical analysis

Patient demographics, tumor parameters, liver function
and hepatitis-associated characteristics were evaluated.
Continuous data are expressed as mean = SD. Categorical
data were compared using the ;{2 test and Fisher’s exact
test as appropriate. Survival analyses were performed using
the Kaplan-Meier method and compared using the log-
rank test. For continuous data with statistical significance
in the univariate analysis, a series of receiver operating
characteristics (ROC) curves were used to identify the
cutoff values with optimal discriminatory ability for 1-year
survival. Multivariate analysis was performed using the Cox
proportional hazard ratio model to identify independent
prognostic factors. The factors with a P-value less than 0.1
in univariate analysis were included in the multivariate Cox
regression analysis. In order to estimate the clinical value
of the independent factors, a prognostic scoring system
was constructed. We assigned points to each independent
predictor according to the value of the partial regression
coefficient, because each factor had different importance
in the final Cox model™. Each patient’s score was the to-
tal points of 6 factors. A ROC curve was constructed to
estimate the prognostic ability of the new scoring model.
Overall survival was the time from the day of surgery to
the day of death or to the most recent follow-up visit.
Disease-free survival was the time from the day of sur-
gery to the most recent follow-up visit at which evidence
of a tumor was clear. The deaths caused by non-HCC-
associated factors were included in the overall survival
analysis, but not in the disease-free survival analysis. A P
value < 0.05 was considered statistically significant. All
statistical processing was performed by SPSS 18.0 (SPSS
Inc., Chicago, 1L, United States).

RESULTS

Survival, outcome and morbidity after liver resection

The mean postoperative hospitalization period was 10.6
d (range: 5-28 d). The overall morbidity was 25.31% (# =
41). Pleural effusion (# = 24) and ascites (# = 14), which
required diuretics or paracentesis, were the most common
sequelae, with both occurring in 7 patients. Two patients
developed bile leakage and one developed transitory ar-
rhythmia. The median overall survival was 38.3 mo (range:
3-80 mo); overall survival rates at 1 year, 3 years and 5
years were 86%, 51% and 35%, respectively; the median
disease-free survival was 18.6 mo (range: 1-79 mo); 1-year,
3-year and 5-year disease-free survival rates were 56%,
40% and 31%, respectively. The survival outcome was
similar to that in 2 previous retrospective studies™. Dur-
ing the entire follow-up, a total of 100 (61.73%) patients
were diagnosed with tumor recurrence during the follow-
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up period. Among them, twelve patients underwent a sec-
ond hepatic resection, 65 received transarterial chemoem-
bolization (TACE) alone, 18 received TACE combined
with locoregional ablation and 5 received locoregional
ablation alone. A total of 32 patients died within the first
year after resection. Four patients died at the 3rd month,
one died of acute severe hepatitis and 3 of unrecovered
liver impairment after chemoembolization for recurrence.
Of the remaining 28 patients, one died of incidental
hemorrhage of the upper digestive tract at the 7th month
after resection, 27 died of liver failure, including 4 pa-
tients within 4-6 mo, 2 within 7-9 mo, and 9 within 10-12
mo. All 27 patients had diffuse tumor recurrence leading
to liver failure.

Predictive factors for 1-year survival

In the evaluation of preoperative factors that may have
potential prognostic ability for short-term outcome, we
limited the endpoint of follow-up to 1 year. The univari-
ate Kaplan-Meier analysis showed that TBIL, prealbumin,
AST, AFP, HBeAg, HBV-DNA, GGT, AFU, total tumor
size, largest tumor size, ALP, and platelet count were sig-
nificantly associated with 1-year mortality after hepatic
resection (Table 2).

For the above factors, we analyzed continuous data
by ROC curves to determine cutoff values that had the
optimal sensitivity and specificity (i.e., the largest sum of
sensitivity and specificity). The cutoff values of platelet
count, AST, TBIL, AFU, AFP, GGT and ALP (92.5 X
10°/L, 41.8 U/1, 17.25 pg/1, 36 U/L, 32.6 ug/L, 75.5
U/L, 119.5 U/L, respectively) were similar to the limits
of normal values, thus we defined the normal upper or
low limitations as the best cutoff points (Table 3).

Multivariate analysis showed that 6 variables were sig-
nificant predictive factors for 1-year survival status after
resection: prealbumin < 170 mg/L [hazatd ratio (HR):
5.531, P < 0.001]; ALP > 129 U/L (HR: 3.252, P = 0.005);
AFP > 20 pg/L (HR: 7.477, P = 0.011); total tumor size
> 8 cm (HR: 10.543, P < 0.001); platelet count < 100 X
10°/L (HR: 9.937, P < 0.001), and GGT > 64 U/L (HR:
3.791, P < 0.001) (Table 4). Although factors of tumor
invasiveness cannot be detected before surgery, the data
showed that microvascular invasion and poor tumor dif-
ferentiation were associated with tumor size (Figure 1).

Construction of a scoring system to determine
indication for surgery

We assigned points for each prognostic factor (Table 4).
The theoretical range of the prognostic score was 0 to
9. In the total population in our study, 10 patients scored
0, 16 patients scored 1, 44 patients scored 2, 32 patients
scored 3, 18 patients scored 4, 22 patients scored 5, 10
patients scored 6, 6 patients scored 7, and 4 patients
scored 8. A higher score implied a lower chance of 1-year
survival. We assessed the prognostic value of the score
on 1-year survival using a ROC curve (Figure 2). The
area under the curve was 0.925 [95% confidence interval

(CI): 0.864-0.985, P < 0.001]. The data indicated that,
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Variables n The 1-year survival P value
rates %

Age <0.001
> 40 yr 128 85.9
<40yr 34 64.7

Parameters of liver function

TBIL <0.001
>17.1 pmol/L 49 58.33
<17.1 pmol/L 113 91.22

ALB 0.530
<35g/L 8 75.00
=35g/L 154 81.82

GLB 0.565
>30g/L 79 79.48
<30g/L 83 83.33

Prealbumin <0.001
<170 mg/L 33 58.3
=170 mg/L 129 90.6

ALT 0.281
>38U/L 82 78.04
<38U/L 80 85.00

ALT 0.993
>76 U/L 10 80.00
<76 U/L 152 81.58

AST 0.001
>38U/L 88 75.00
<38U/L 74 89.21

AFU 0.004
>40U/L 31 64.31
<40U/L 131 85.89

ALP 0.001
>129U/L 27 58.33
<129U/L 135 85.50

GGT <0.001
>64U/L 82 65.00
<64U/L 80 97.56

PT 0.428
>13s 41 75.00
<13s 121 82.00

APTT 0.566
>37s 72 77.80
<37s 90 82.20

Parameters of blood test

WBC 0.389
<4x10°/L 35 76.5
=4 x10°/L 127 82.5

PLT <0.001
<100 x 10°/L 44 59.1
=100 x 10°/L 118 89.7

Parameters of tumors

Total tumor size 0.010
>5cm 108 75.9
<5cm 54 92.6

Total tumor size <0.001
>8 cm 54 66.7
<8cm 108 88.9

Largest tumor size 0.050
>5cm 58 72.41
<5cm 104 84.61

Largest tumor size 0.001
> 8 cm 22 54.54
<8cm 140 84.28

AFP <0.001
>20 pg/L 102 72.00
<20 pg/L 60 96.78

AFP 0.014
> 400 ug/L 59 72.41
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<400 ug/L 103 86.54

CA19-9 0.287
>39U/L 35 72.22
<39U/L 127 83.87

Location in same segment
Yes 20 80.00 0.924
No 142 81.96

Location in same lobe
Yes 34 88.2 0.238
No 128 79.7

Location in same hemiliver
Yes 74 83.8 0.530
No 88 79.5

Number of tumors 0.529
<3 146 80.82
>3 16 87.50

Parameters of hepatitis B

HBsAg 0.517
Positive 156 80.81
Negative 6 100.00

HBsAb 0.803
Positive 8 100.0
Negative 154 80.52

HBeAg
Positive 64 71.88 0.005
Negative 98 87.76

HBeAb
Positive 101 84.31 0.041
Negative 61 74.19

HBV-DNA' 0.228
>10'/L 88 79.54
<10'/L 50 88.00

HBV-DNA' 0.019
>10°/L 32 68.75
<10°/L 106 86.79

'"There were only 138 patients received HBV-DNA examinations. GLB:
Globulin; ALP: Alkaline phosphatase; AFU: a fucosidase; GGT: y-glutamyl
transpeptidase; PLT: Platelet; HBV: Hepatitis B virus; HBsAg: Hepatitis B
surface antigen; HBeAg: Hepatitis B e antigen; HBsAb: Hepatitis B surface
antibody; HBeAb: Hepatitis B e antibody; CA19-9: Carbohydrate antigen
19-9; PT: Prothrombin time; APTT: Activated partial thromboplastin time;
TBIL: Total bilirubin; ALB: Albumin; ALT: Alanine transaminase; AST:
Aspartate aminotransferase; WBC: White blood cell.

for patients with multinodular HCC, the scoting system
had a satisfactory ability to predict 1-year mortality after
hepatic resection. A score of 5 was the cut-off value with
optimal specificity and sensitivity. For patients with a
score of 5 or more, the 1-year mortality was 62% which
was similar to that of patients who received nonsurgical
B while patients with a score of 0-4 had
1-year mortality of only 5%.

We also compared the long-term survival of patients
with a score 0-4 (z = 120, group 1) and those with a
scote of 5-8 (n = 42, group 2). In group 1, the median
survival was 53.55 mo (range: 6-80), the median disease-
free survival was 37.14 mo (range: 1-79). In group 2, the
median survival was 12.86 mo (range: 3-51), the median
disease-free survival was 7.00 mo (range: 1-45). The 1-year
and 3-year survival rates of group 1 were 95% and 60%,
respectively, while the 1-year and 3-year survival rates
of group 2 were 38% and 8%, respectively. The 1-year
and 3-year disease-free survival rates of group 1 were
67% and 35%, respectively, while the 1-year and 3-year

treatment
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Test variable(s) Area SE Asym-ptotic Sig Lower bound Upper bound Cut-off point 1' Cut-off point 2*
TBIL 0.694 0.054 0.001 0.588 0.801 17.25 17.1
Prealbumin 0.817 0.043 <0.001 0.099 0.266 170 170
AST 0.707 0.048 0.001 0.613 0.802 41.8 38
ALP 0.695 0.056 0.001 0.586 0.804 119.5 129
GGT 0.792 0.040 <0.001 0.714 0.870 75.5 64
AFU 0.615 0.064 0.058 0.489 0.740 36 40
Total tumor size 0.693 0.057 0.001 0.581 0.805 8.1 8
AFP 0.626 0.050 0.037 0.528 0.725 32.6 20
PLT 0.721 0.058 <0.001 0.166 0.393 9225 100
Largest tumor size 0.597 0.064 0.089 0.472 0.722 BIO) 6

'The actual results defined by the ROC curves; “The values adopted for multivariate analysis. AFP: o fetoprotein; TBIL: Total bilirubin; AST: Aspartate
aminotransferase; PLT: Platelet; ALP: Alkaline phosphatase; AFU: o fucosidase; GGT: y-glutamyl transpeptidase; Sig: Significance.

Variables B SE Sig HR 95% CI for HR Assigned points
Prealbumin <170 mg/L 1.711 0.420 <0.001 5.531 3.122-13.196 1
ALP>129U/L 1.132 0.420 0.005 3.252 1.413-7.480 1
AFP >20 nug/L 2.014 0.792 0.011 7.477 1.419-31.234 2
Total tumor size > 8 cm 2.334 0.542 <0.001 10.543 3.611-30.157 2
PLT <100 % 109/L 2.310 0.484 < 0.001 9.937 3.770-26.121 2
GGT>64U/L 1.291 0.460 <0.001 3.791 1.476-9.960 1

B: Partial regression coefficient; SE: Standard error; Sig: Significance; HR: Hazard ratio; CI: Confidence interval; AFP: a fetoprotein; PLT: Platelet; ALP:

Alkaline phosphatase; GGT: y-glutamyl transpeptidase.

disease-free survival rates of group 2 were 14% and 12%,
respectively. Patients in group 2 had much poorer long-
term overall and disease-free survival (P < 0.001 for both,
Figure 3). Table 5 shows the comparison of pathological
status between group 1 and group 2. Patients in group 2
had a greater possibility of microvascular invasion (P <
0.001) and poor tumor differentiation (P = 0.003). Liver
cirthosis with small nodules was more likely to be detect-
ed in group 2 (P < 0.001). In addition, group 2 patients
were more likely to receive intraoperative blood transfu-
sion (P = 0.010).

DISCUSSION

This study evaluated the short-term prognosis of patients
with multinodular HCC after curative resection and de-
veloped a scoring system to determine contraindication
to surgery. In patients with well-preserved liver function,
hepatic resection remains the optimal and effective treat-
ment. Although liver transplantation provides an alter-

native curative treatment option for small HCC, organ
shortages and long waiting times have prohibited it as
initial treatment'™”. Several studies have proved that the
benefit of resection was similar to that of transplantation.
However, patients who received transplantation had un-
dergone a natural selection process in which patients with
more aggressive tumor phenotypes, such as the presence
of microvascular invasion and microscopic metastasis,
had been rules out because of tumor progressionmj. The
efficacy of RFA is limited by several factors, such as sub-
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capsular location, tumor size and tumor differentiation,
which have been proved to be associated with increased
risk of bleeding, peritoneal seeding and residual vital tu-
mor tissue”™**. Several studies have demonstrated that
patients who underwent resection had better survival
than those who received RFA™*". Chemoembolization,
as a palliative treatment, results in a high incidence of
residual viable tumor tissue, even after repeated treat-
ment®™*, Its poor performance on blood-deficient
and larger tumors restricts its application in HCC treat-
ment. Previous studies have demonstrated that resection
brought more benefit to patients of intermediate stage
than TACE™'". As surgical techniques have advanced,
many studies have explored the possibility of broaden-
ing the surgical criteria for HCC. Ng ez al demonstrated
the safety and effectiveness of hepatic resection for
multinodular HCC, although the survival rate was lower
than for a single tumor. Ishizawa ez al® concluded that
resection can provide a survival benefit for patients with
multinodular HCC on the background of Child-Pugh A
cirrhosis, as well as for those with portal hypertension.
Tortzilli ef a/” confirmed that patients with BCLC stage B
and stage C HCC can tolerate hepatic resection with low
mortality, acceptable morbidity, and a survival benefit, if
resection is performed under strict intraoperative ultraso-
nographic guidance.

However, the benefit of hepatic resection in the
treatment of multinodular HCC remains controversial.
In spite of the exciting conclusions above, we can also
observe in clinical practice that there are patients who
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Figure 1 Distribution of tumor size according to tumor differentiation and presence of microvascular invasion, showing median, 25th-75th percentile box
and complete range of measurements. A: Distribution of total tumor size according to tumor differentiation (P = 0.003); B: Distribution of total tumor size according
to presence of microvascular invasion (P < 0.001); C: Distribution of the largest tumor size according to tumor differentiation (P = 0.008); D: Distribution of total tumor
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Figure 2 Receiver operating characteristics curve of the predictive scor-
ing system. The area under the curve was 0.925, 95% confidence interval
was 0.864-0.985 (P < 0.001). The data indicated that the scoring system had a
strong ability to predict the 1-year outcome of patients with multiple hepatocel-
lular carcinoma after hepatic resection.

have satisfactory liver function and seemingly optimistic
prognosis empirically, but have poor short-term outcome
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after resection. This indicates that the classical evaluation
systems have their limitations, and that they cannot detect
mild liver impairment, which would markedly influence
outcome. In our study, no patient died during the hospital
stay, and only 4 (2.47%) died in the 3 mo after resection,
indicating that the preoperative safety assessment accord-
ing to the established guidelines was acceptable. Howev-
er, 32 of the patients died in the first year. For these pa-
tients, surgical resection brought no benefit and may even
have adversely affected sutrvival. Therefore, identification
of these patients may determine that surgical treatment
should be contraindicated.

Multivariate analysis showed that 6 variables were
independent predictive factors for poor short-term sur-
vival. Among them, prealbumin < 170 mg/L, ALP > 129
U/L, GGT > 64 U/L and platelet count < 100 X 10°/1.
were factors associated with liver impairment. Their roles
as indicators of liver damage have been reported previ-
ouslymﬁzj. Platelet count may also be used as a potential
marker of portal hypertension™. Conventional blood pa-
rameters of liver function, such as TBIL and PT, as well
as scoring systems using these values (such as the Child-
Pugh score and Model for End-stage Liver Disease score)
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Variables Group 1 Group 2 P value
(n = 120) (n = 42)

Blood transfusion 6 (5.00) 8 (19.05) 0.010

Pringle time > 20 min 52 (43.33) 24 (57.14) 0.151

Liver cirrhosis 68 (56.67) 24 (57.14) 0.854

Type of liver cirrhosis <0.001

Small nodules 0(0) 6 (25.00)

Large nodules 52 (76.47) 8 (33.33)

Mixed nodules 16 (23.53) 10 (41.65)
Differentiation of tumor 0.003

High differentiation (I-1I) 30 (25.00) 2 (4.76)

Low differentiation (II-1V) 90 (75.00) 40 (95.23)
Microvascular invasion 16 (13.33) 18 (42.89) <0.001
Completed capsule of largest 0.468
tumor

Yes 72 (60.00) 22 (52.38)

No 48 (40.00) 20 (47.62)

have been widely accepted in clinical circles. Many staging
systems also adopt them in preoperative estimation of
surgical safety. However, decreased ALB and prolonged
PT indicate marked liver damage[zg], while ascites and en-
cephalopathy indicate liver failure and serious portal hy-
pertension. Previous studies reported that most patients
who underwent elective hepatic resection were classified
as Child-Pugh class A, but postoperative liver failure and
mortality existed even in this group of patientsm’lg]. This
phenomenon indicated that most hepatic impairment in
surgical candidates is slight and might not be fully evalu-
ated by classical estimation systems. Our results disclosed
that platelet count, ALP, prealbumin and GGT may be
considered as supplemental factors for routine liver func-
tion scoring systems. Patients who have satisfactory liver
function reserve according to the traditional estimation
system, but abnormalities in these additional parameters
above should be considered with caution for surgery.
Factors associated with tumor burden also have a
crucial influence on the short-term survival of patients.
The majotity of our patients who died in the first year
had tumor recurrence and metastasis. Early tumor recur-
rence and fast hyperplasia adversely affected liver function
recovery. Our results included AFP > 20 pg/L and total
tumor size > 8 cm as independent risk factors of first year
death. AFP > 200 pg/L is the diagnostic level indicating
HCC, but only one-third of patients with HCC have AFP
levels higher than 100 ug/ L, and even mild elevation pre-
dicts a worse prognosism. Hence, the 20 pg/L as cutoff
point in the ROC curve was reasonable. The AFP level
and total tumor size are widely accepted risk factors af-
fecting surgical outcome™. Several studies have reported
that tumor size is related to the presence of microvas-
cular invasion and poor tumor differentiation”", which
are strongly associated with intrahepatic metastasis and
greatly increase the risk of tumor recurrence™>". Our
analysis observed a similar phenomenon. These results
implied that clinicians could estimate tumor invasiveness
by preoperative examination. Other tumor-associated fac-
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Figure 3 Results of long-term survival of group 1 (score < 5) and group
2 (score = 5). The overall survival and disease-free survival in group 2 were
significant poorer than those in group 1 (both P < 0.001).

tors were not included in our results as our study focused
on short-term (1-year) survival rather than the long-term
outcome.

To apply these risk factors in clinical practice, we con-
structed a scoring model. A total of 42 patients with high
score (= 5, group 2) had 1-year outcome similar to that
of patients who received non-surgical treatment, and also
had significantly poorer long-term overall and disease-free
survival. Our analysis also showed that these patients had
a greater possibility of microvascular invasion and poor
tumor differentiation. They also had a higher percentage
of liver cirrhosis with small nodularity, which has been
proved to be an independent predictor of clinically signifi-
cant portal hypertension””. Intraoperative blood transfu-
sion, which significantly influenced short-term survival™
was mote common in patients with a score = 5, indicat-
ing greater surgical difficulty. Although we resected all vis-
ible and palpable nodules and a tumor-free margin under
guidance of intraoperative ultrasonography, the 3-mo
recurrence rate in group 2 patients was 71.4%, indicating
the greater possibility of preoperative existence of non-
detectable micrometastasis. For these patients, seemingly
curative resection does not achieve radical efficacy. This
series of data confirmed that this group of patients may
derive little benefit from resection and surgery should be
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considered a contraindication in spite of satisfactory liver
function estimated by classical scoring systems.

Major limitation of our study is that this study was a
retrospective analysis with a small sample size in a single
center. The potential selective bias that accompanied with
this setup was hard to avoid. Patients with hepatitis C
virus infection or other chronic liver disease were not in-
cluded in the analysis. Other limitations of this study were
that different types of recurrence were not taken into
consideration because of the small sample size. Therefore,
further study is needed before a final conclusion is made.

In summary, hepatic resection has been proved to be
a safe and effective treatment for some patients with mul-
tinodular HCC. However, some patients with good liver
function as estimated by traditional scoring systems have
poor short-term outcome. Our study focused on these
patients and indicated that other factors, namely preal-
bumin < 170 mg/L, ALP > 129 U/L, GGT > 64 U/L,
platelet count < 100 X 10°/1., AFP > 20 ng/L and total
tumor size > 8 cm ate independent risk factors for short-
term mortality. For patients with these characteristics,
1-year mortality was significantly increased, and resection
was associated with an adverse outcome.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is the third leading cause of cancer mortality
worldwide. Multiple lesions are detected in about 40% patients once HCC is
diagnosed. The treatment strategies for multiple HCC remain in controversy.
Research frontiers

Several recent studies reported that surgical resection improves the survival
of patients with multiple HCC. However, the indication and contraindication of
surgical resection for multiple HCC remain unclear.

Innovations and breakthroughs

Patients with poor short-term (1 year) survival after surgery benefit little from
hepatic resection. They should be considered surgical contraindication. The risk
factors of poor short-term survival for patients with satisfactory liver function re-
main unclear. The authors analyzed the preoperative data of 162 multiple HCC
patients received surgical resection and found that factors, namely prealbumin
<170 mg/L, alkaline phosphatase (ALP) > 129 U/L, y-glutamyl transpeptidase
(GGT) > 64 UIL, platelet count < 100 x 109/L, o fetoprotein (AFP) > 20 pglL,
total tumor size > 8 cm are independent risk factors of short-term mortality. The
authors then assigned points to each factor according to its partial regression
coefficient and construct a score system. For the patients with score = 5, 1-year
mortality was 62% while only 5% for patients with score < 5.

Applications

The study results suggest that more factors namely ALP, GGT, platelet, preal-
bumin, AFP and total tumor size should be enrolled in preoperative estimation.
Patients with score = 5 should be considered with more cautious attitude
towards resection.

Terminology

HCC is the most common primary malignant tumor of the liver which originated
from liver parenchymal cells. Multiple HCC refers to the HCC with more than
one lesion.

Peer review

The authors analyzed the clinical data of patients with multiple HCCs treated
by surgery for detecting prognostic factors of 1 year survival. They determined
six prognostic factors from preoperative clinical data. Based on the multivariate
analysis, they proposed a prognostic scoring system. This scoring system well
predicted poor short outcome after hepatic resection. The study was carefully
designed and the evaluation of the results was also appropriate. The manu-
script was well organized and well written.
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