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Abstract
AIM: To select appropriate patients before surgical re-
section for hepatocellular carcinoma (HCC), especially 
those with advanced tumors.

METHODS: From January 2000 to December 2012, we 
retrospectively analyzed the medical records of 298 pa-
tients who had undergone surgical resections for HCC 
with curative intent at our hospital. We evaluated pre-
operative prognostic factors associated with histologic 
grade of tumor, recurrence and survival, especially the 
findings of pre-operative imaging studies such as posi-
tron emission tomography-computed tomography (PET-
CT) and magnetic resonance imaging (MRI). And then, 
we established a scoring system to predict recurrence 
and survival after surgery dividing the patients into two 
groups based on a tumor size of 5 cm.

RESULTS: Of the 298 patients, 129 (43.3%) developed 
recurrence during the follow-up period. The 5 year dis-
ease free survival and overall survival were 47.0% and 
58.7% respectively. In multivariate analysis, a serum al-
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pha-fetoprotein (AFP) level of > 100 ng/ml and a stan-
dardized uptake value (SUV) of PET-CT of > 3.5 were 
predictive factors for histologic grade of tumor, recur-
rence, and survival. Tumor size of > 5 cm and a relative 
enhancement ratio (RER) calculated from preoperative 
MRI were also significantly associated with prognosis 
in univariate analysis. We established a scoring system 
to predict prognosis using AFP, SUV, and RER. In those 
with tumors of > 5 cm, it showed predicted both recur-
rence (p  = 0.005) and survival (p  = 0.001).

CONCLUSION: The AFP, tumor size, SUV and RER are 
useful for prognosis preoperatively. An accurate predic-
tion of prognosis is possible using our scoring system in 
large size tumors.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Tumor recurrence after surgical resection 
for hepatocellular carcinoma is an obstacle to long-
term survival. Thus, selection of appropriate patients 
is important, especially those with advanced tumors. 
Several factors responsible for the high recurrence and 
poor survival rates after surgical resection have been 
described. We evaluate the preoperative clinical factors 
such as serum alpha fetoprotein, protein induced by 
vitamin K absence or angiotensin-Ⅱ and the findings 
of pre-operative imaging studies such as positron emis-
sion tomography-computed tomography and magnetic 
resonance imaging. And then, we established a scoring 
system to predict recurrence and survival after surgery.
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INTRODUCTION
Most cases of  hepatocellular carcinoma (HCC) are ac-
companied by liver disease induced by viral hepatitis or 
alcohol. Therefore, it is necessary to consider both the 
tumor characteristics and hepatic function to determine 
the most appropriate treatment method. There exist two 
treatment options with curative intention: liver resection 
and liver transplantation. However, other treatment mo-
dalities have also been reported to show survival advan-
tages, such as radiofrequency ablation and transcatheter 
arterial chemoembolization[1-3]. Despite this fact, there is 
no evidence of  any treatment more effective than surgical 
resection, and surgery has thus been considered the gold 
standard treatment for HCC[4,5]. Regardless, tumor recur-
rence after surgical resection has been reported in over 
half  of  affected patients[6,7], and is the major obstacle to 
long-term survival. Therefore, it is important to select 
appropriate patients and evaluate preoperative predictive 
factors for recurrence and survival, to ensure that liver re-
section is performed in those in the high-risk group who 
would be most likely to benefit from surgery.

Several factors responsible for the high recurrence 
and poor survival rates after surgical resection have been 
described by investigators. One is tumor characteristics, 
which are divided into morphological and biological 
factors. Biological factors, especially tumor cell differ-
entiation, are known to be more accurate in predicting 
the prognosis than tumor morphology. However, pre-
operative needle biopsy is not generally recommended 
because of  the possibility of  tumor seeding[8]. Therefore, 
it is important to identify biological factors using an in-
direct method prior to surgery. Serum alpha fetoprotein 
(AFP) and protein induced by vitamin K absence or an-
giotensin-Ⅱ (PIVKA-Ⅱ) can be analyzed using indirect 
methods. Some investigators reported the usefulness of  
positron emission tomography-computed tomography 
(PET-CT) to detect HCC using standardized uptake val-
ues (SUVs)[9]. A noninvasive method using gadolinium 
ethoxybenzyl diethylenetriamine penta-acetic acid (Gd-
EOB-DTPA) magnetic resonance imaging (MRI) has also 
been reported that the differentiation of  enhancement 
between the tumors and surrounding liver parenchyma 
using Gd-EOB-DTPA-enhanced MRI can predict the 
histological grade of  HCC[10,11].

The aim of  the present study was to determine the 
disease-free and overall survival rates and evaluate the 
preoperative clinical factors associated with histologic 
grade of  tumor, recurrence and survival, especially the 
findings of  pre-operative imaging studies such as PET-
CT and MRI.

MATERIALS AND METHODS
We retrospectively reviewed the medical records of  335 

patients who had undergone surgical resection for HCC 
with curative intent from January 2000 to December 2012 
at our hospital. We excluded 31 patients with confirmed 
extrahepatic metastasis, vascular invasion, and positive 
resection margins intraoperatively or postoperatively. Six 
patients who died of  liver failure or postoperative bleed-
ing within 1 mo after surgery were also excluded. This 
study was approved by the Institutional Review Board of  
our center.

Preoperative evaluation
The indocyanine green (ICG) clearance test was per-
formed in all patients to evaluate residual hepatic func-
tion. We measured the Child-Turcotte-Pugh (CTP) and 
Model for End-stage Liver Disease (MELD) scores prior 
to surgery. AFP and PIVKA-Ⅱ were assessed as tumor 
markers, and all patients were preoperatively evaluated 
by CT of  the abdomen and chest. MRI, PET-CT, and 
a bone scan were also conducted to identify metastases. 
Gd-EOB-DTPA-enhanced MRI and PET-CT was rou-
tinely performed after March 2008 for all HCC patients. 
100 patients were assessed MRI and PET-CT in this 
study. If  extrahepatic metastases or tumor thrombi in the 
main portal vein were identified, the patient was excluded 
from curative resection. Patients with a large amount of  
ascites or hyperbilirubinemia as well as those who cor-
responded to Child class C were also excluded; however, 
partial hepatectomy was performed in Child class B pa-
tients. In the ICG clearance test, we set the safe limit for 
the ICG retention value as < 15% at 15 min for major 
hepatectomy. For patients with an ICG retention value of  
> 15%, we performed a partial hepatectomy[10]. Patient 
age, sex, and underlying disease were collected as demo-
graphic data.

Radiological evaluation
Tumor number and size were determined preoperatively 
by CT or MRI, and the size was based on the largest 
diameter of  the tumor. The histological grade of  tumor 
was recorded using the Edmondson-Steiner classification 
based on the data in the pathology reports. 18F-fluoro-
2-deoxy-D-glucose (18F-FDG) PET-CT was routinely 
performed for almost all patients with HCC. The SUV is 
the tumor FDG uptake value that can effectively correct 
the variation in relative tissue FDG uptake. The majority 
of  all candidates for HCC resection had been assessed 
MRI prior to surgery using Gd-EOB-DTPA-enhanced 
MRI using the same MRI system (Magnetom Verio; 
Siemens Healthcare, Germany). Unenhanced, arterial, 
portal, and hepatobiliary phase images were assessed. 
We calculated the relative signal intensity ratio (RIR) of  
the tumor and the surrounding liver parenchyma on the 
unenhanced and hepatobiliary phase images, respectively. 
We then compared these RIR values and calculated the 
relative enhancement ratio (RER) of  the tumor as fol-
lows[11]: RIR = Signal intensity of  the tumor/Signal inten-
sity of  the liver parenchyma; RER = RIR on hepatobili-
ary phase image/RIR on unenhanced image.
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The signal intensity (SI) of  the tumor and the sur-
rounding liver parenchyma were measured in the section 
with the largest tumor diameter using regions of  inter-
ests (ROIs). The ROIs of  each tumor were set to avoid 
necrotic areas, and the SI of  the liver parenchyma was 
assessed using the same ROI size used for the tumor, 
including only the liver parenchyma as much as pos-
sible[11-13]. When the patients had a multicentric HCC, we 
used the largest size of  tumor to measure the ROIs. We 
also evaluated the recurrence rate, disease-free survival 
(DFS) rate, and survival rate. The factors associated with 
recurrence and survival were identified. The predictive 
factors of  the tumor biology such as histological grade 
were also evaluated.

Postoperative follow-up
All patients were managed with a standardized treatment 
protocol. On the seventh day after surgery, follow-up 
abdominal CT was performed for evaluation of  the intra-
abdominal status. After discharge, we assessed tumor 
markers, such as AFP and PIVKA Ⅱ, in the outpatient 
clinic every 2 mo, and abdominal and chest CT was per-
formed at intervals of  4 mo for the first year after sur-
gery. During the second year after surgery, tumor markers 
were evaluated at intervals of  3 mo, and CT was per-
formed every 6 mo for the next year and then annually. 
If  recurrence was suspected or other abnormal findings 
were noted, liver MRI and PET-CT were performed.

Statistical analysis
Mean, standard deviation, and ranges were used to 
present numerical variables. Continuous variables were 
compared by Student’s t-test. Differences in categorical 
variables were analyzed with the χ 2 test. The continu-

ous variables which have large standard variation were 
converted to categorical variables using the ROC curve. 
The logistic regression analysis was used for multivariate 
analysis to identify the preoperative prediction factors of  
tumor biology. The Cox proportional hazard regression 
model was used for multivariate analysis to identify risk 
factors independently associated with recurrence or sur-
vival. Survival data were analyzed using the Kaplan-Meier 
method to describe the DFS and 5- and 10-year survival 
rates. The survival time of  the groups was compared us-
ing the log-rank test. P-values of  < 0.05 were considered 
to indicate statistical significance. 

RESULTS
Patients’ characteristics
The mean age of  all patients was 56.4 ± 9.7 (33-77) 
years; among them, 232 (77.9%) were male. The most 
common underlying disease was hepatitis B virus (HBV) 
infection (71.5%), followed by hepatitis C virus (HCV) 
infection (6.0%), and alcohol-related disease (5.4%). An 
ICG clearance test was routinely performed prior to 
surgery, and the mean ICG retention value was 11.64% 
± 13.95%; 82.5% of  patients did not exceed 15%. The 
mean CTP score was 5.40 ± 0.72, and 90.6% of  patients 
corresponded to Child class A; no patients were Child 
class C. The mean MELD score was 6.36 ± 2.93. We rou-
tinely assessed tumor markers prior to surgery. The mean 
AFP level was 1459.90 ± 10124.9 ng/ml, and the mean 
PIVKA Ⅱ was 499.1 ± 1434.7 mAU/ml. The preopera-
tive mean tumor size was 4.49 ± 3.12 (0.5-16.0) cm, and 
the mean number of  tumors identified in preoperative 
imaging studies was 1.27 ± 0.85. Among the 298 patients 
enrolled in the present study, 112 (37.6%) underwent ma-
jor liver resection, such as hemi-hepatectomy; 124 (41.6%) 
underwent segmental liver resection; and 62 (20.8%) un-
derwent partial resection. The median follow-up duration 
was 32 mo (3-163 mo) (Table 1).

Preoperative prediction factors of the tumor biology
The tumor grade identified after surgery by pathology 
was divided into low grade group (grade Ⅰ, Ⅱ) and high 
grade group (grade Ⅲ, Ⅳ) based on the Edmondson-
Steiner’s classification (E and S grade). And then, it was 
compared to the preoperative factors. In univariate analy-
sis, factors related to tumor biology were the mean tumor 
size (p < 0.001), tumor size of  > 5 cm (p = 0.003), mean 
AFP (p = 0.023), AFP level of  > 100 ng/mL (p < 0.001) 
and mean PIVKA Ⅱ level (p = 0.001). The mean SUVs 
obtained by preoperative PET-CT was also significantly 
higher in the high grade group (p = 0.004). When com-
pared on the basis of  3.5, there was most significantly 
difference between two groups (p < 0.001). The value 
of  RER was statistically significantly lower in high grade 
group than low grade group (p < 0.001). When com-
pared on the basis of  0.6, it showed most significant dif-
ference between two groups (p = 0.001).

To identify factors influencing high grade tumor, a 
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Table 1  Patients’ characteristics  n  (%)

Total Patients (n  = 298)

Age (yr) 56.4 ± 9.7
Sex (male) 232 (77.9)
Disease
   Hepatitis B 213 (71.5)
   Hepatitis C 18 (6.0)
   Alcohol 16 (5.4)
   Others   51 (17.1)
PLT (× 103/µL) 151.93 ± 70.11 (36.0-417.0)
Total bilirubin (mg/dL) 1.17 ± 5.97 (0.11-7.88)
ICG at 15 min (%) 11.64 ± 13.95
CTP score 5.40 ± 0.72
MELD score 6.36 ± 2.93
AFP (ng/mL) 1459.90 ± 10124.9

19.50 (4.30-268.31)1

PIVKA Ⅱ (mAU/mL) 499.1 ± 1434.7
44.50 (21.00-255.00)1

Tumor number 1.27 ± 0.85
Tumor size (cm) 4.49 ± 3.12

1Data are shown as median (interquartile range). PLT: Platelet; ICG: In-
docyanine green; CTP: Child-Turcotte-Pugh; MELD: Model for End-stage 
Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vita-
min K absence or angiotensin-Ⅱ.
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of  > 3.5 [Exp(B) = 2.025; 95%CI: 1.046-3.921; p = 0.036] 
showed significant influences on recurrence (Table 3).

Survival and related factors
Of  the 298 patients, 96 (32.2%) died during the follow-
up period. Fifty (52.1%) patients died within 1 year after 
surgery, and 86 (89.6%) died within 5 years. The cause 
of  death was HCC recurrence in 76 (79.2%) patients, he-
patic failure in 11 (11.5%), sepsis in 3 (3.1%), and other 
causes in 6 (6.2%). The overall mean survival period was 
38.6 ± 3.0 mo in the nonrecurrence group and 24.6 ± 2.2 
mo in the recurrence group, respectively (p < 0.001). The 
5-year survival rates were 83.0% and 27.6%, respectively, 
and the 10-year survival rates were 72.3% and 21.7%, re-
spectively, in each group (p < 0.001) (Figure 1). We com-
pared the patient demographics and tumor characteristics 
between the death and survival groups. In univariate anal-
ysis, factors related to patient survival were CTP score 
(p = 0.003), MELD score (p = 0.020), and an AFP level 
of  > 100 ng/ml (p = 0.005). The mean tumor size (p = 
0.002), size of  > 5 cm (p < 0.001), mean tumor number 
(p = 0.005), and multiple tumors (p = 0.010). The SUV 
obtained from the preoperative PET-CT was significantly 
higher in the death group (p = 0.001). When the SUVs 
of  both groups were compared to the average of  3.5, a 
statistically significant difference was noted (p < 0.001). 
The average RERs was higher in the survival group, but 
the difference was not significant (p = 0.295). However, 
when the cutoff  value was 0.6, the RER was significantly 
higher in the survival group (p = 0.003).

To identify factors influencing survival, the factors 
that had shown significance in the univariate analysis 
were subjected to multivariate analysis. In the multivari-
ate analysis, an AFP of  > 100 ng/ml [Exp(B) = 3.061; 
95%CI: 1.183-7.922; p = 0.021] and SUV on PET-CT of  
> 3.5 [Exp(B) = 7.331; 95%CI: 2.182-24.630; p = 0.001] 
showed significant influences on survival (Table 4).

Preoperative prediction of survival and recurrence using 
a new scoring system
Based on these data, we established a scoring system to 

multivariate analysis of  factors which was statistically 
significance in univariate analysis was done. Among 
them, AFP of  > 100 ng/ml [Exp(B) = 2.897; 95%CI: 
1.080-7.775; p = 0.035], SUVs on PET-CT > 3.5 [Exp(B) 
= 3.305; 95%CI: 1.124-8.996; p = 0.019] and RER on 
MRI < 0.6 [Exp(B) = 1.888; 95%CI: 1.094-3.588; p = 
0.050] showed significant influence on high grade tumor 
(Table 2).

Recurrence and related factors
Of  the 298 patients, 129 (43.3%) developed recurrence 
during the follow-up period. 114 (38.3%) developed re-
currence within 2 years after surgery, and 86 (28.9%) de-
veloped recurrence within 1 year. In the survival analysis, 
the cumulative proportion of  recurrence in the first year 
after surgery was 29.2%, that within 3 years was 48.7%, 
and that within 5 years was 53.0%. The 5- and 10-year 
DFS rates were 47.0% and 39.6%, respectively (Figure 
1). Patient demographics and tumor characteristics were 
compared between the recurrence and nonrecurrence 
groups. In univariate analysis, factors related to tumor re-
currence were the percentage of  males (p = 0.026), AFP 
level of  > 100 ng/ml (p = 0.004), mean PIVKA Ⅱ level 
(p = 0.048), mean tumor size, tumor size of  > 5 cm (p < 
0.001), and mean tumor number (p = 0.046). The mean 
SUV obtained by preoperative PET-CT was significantly 
higher in the recurrence group (p = 0.001). When the 
SUVs of  both groups were compared to the average of  
3.5, a significant difference was noted (p = 0.005). We 
also calculated the RER from the preoperative MRI and 
compared it within both groups. The average RERs was 
higher in the nonrecurrence group, but the difference was 
not statistically significant (p = 0.295). However, when 
the cutoff  value was 0.6, RER was significantly higher in 
the nonrecurrence group (p = 0.011).

To identify factors influencing recurrence, the factors 
that showed significance in the univariate analysis were 
subjected to a multivariate analysis. In the multivariate 
analysis, male sex [Exp(B) = 2.192; 95%CI: 1.060-4.532; 
p = 0.034], AFP of  > 100 ng/ml [Exp(B) = 1.888; 
95%CI: 1.094-3.588; p = 0.050], and an SUV on PET-CT 
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Table 2  Preoperative prediction factors for tumor biology  n  (%)

Variables Low grade (Ⅰ, Ⅱ) High grade (Ⅲ, Ⅳ) P  value Multivariate

(n  = 134) (n  = 105) Relative risk P  value

Tumor size (cm) 3.83 ± 2.35 5.46 ± 3.75 < 0.001
   > 5 (n = 59) 22 (16.4) 37 (35.2)    0.003 1.695 (0.594–4.836) 0.324
AFP (ng/mL) 254.4 ± 771.0   3644.9 ± 16856.5    0.023
   > 100 (n = 91) 37 (27.6) 54 (51.4) < 0.001 2.897 (1.080-7.775) 0.035
PIVKA II (mAU/mL) 214.2 ± 355.6 1079.1 ± 2248.3    0.001
   > 300 (n = 36) 17 (12.7) 19 (18.1)    0.173 1.000 (1.000-1.001) 0.303
SUVs on PET 3.80 ± 2.21 5.83 ± 3.93    0.004
   > 3.5 (n = 44) 15 (11.2) 29 (27.6) < 0.001 3.305 (1.214-8.996) 0.019
RER on MRI 0.80 ± 0.14 0.68 ± 0.12 < 0.001
   < 0.6 (n = 11) 1 (0.7) 10 (9.5)    0.001 1.888 (1.094–3.588) 0.050

AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized uptake values; PET: Positron emission to-
mography; RER: Relative enhancement ratio; MRI: Magnetic resonance imaging.
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predict recurrence and survival after surgery. We assigned 
0 and 1 points on the basis of  an AFP of  100 ng/ml, 
SUV on PET-CT of  3.5, and RER on MRI of  0.6. We 
then summed the scores. 50 patients met these criteria; 
20 patients (40.0%) had 0 point, 14 (28.0%) patients had 
1 point, and 16 (32.0%) patients had 2 or 3 points. This 
scoring system was significantly predictive of  survival (p 
= 0.003) but not recurrence (p = 0.292) in all patients. 
However, when the patients were divided into two groups 
based on a tumor size of  5 cm, the score was not signifi-
cantly predictive of  recurrence (p = 0.234) or survival (p 
= 0.264) in the group with a tumor size < 5 cm. How-
ever, the score was significantly predictive of  both recur-

rence (p = 0.005) and survival (p = 0.001) in the group 
with a tumor size > 5 cm (Figure 2). The sensitivity of  
this scoring system was 71.4%, specificity was 90.0%, and 
the positive predictive value was 83.3% for the patients 
with a tumor size > 5 cm.

DISCUSSION
Surgical resection is a curative treatment modality for 
HCC. However, the major obstacle to surgical resection 
is the high recurrence rate after surgery. Thus, appropri-
ate patient selection and analysis of  preoperative factors 
predictive of  prognosis are important to improve the 
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Table 3  Preoperative risk factors for recurrence  n  (%)

Variables Non recurrence Recurrence P  value Multivariate

(n  = 169) (n  = 129) Relative risk P  value

Age (yr) 56.4 ± 9.6 56.2 ± 9.9    0.717
Gender (male) 123 (72.8) 109 (84.5)    0.026 2.192 (1.060–4.532) 0.034
Cause of HCC (HBV:HCV:Alcohol:Others) 116:11:8:34 97:7:8:17    0.402
PLT (× 103/µL) 155.07 ± 80.10 149.53 ± 61.57    0.500
Bilirubin (mg/dL)   1.38 ± 7.88   0.90 ± 0.97    0.491
ICG   12.54 ± 16.83 10.43 ± 8.68    0.271
CTP scores   5.37 ± 0.72   5.44 ± 0.71    0.409
MELD scores   6.26 ± 3.03   6.48 ± 2.79    0.521
AFP (ng/mL)   868.10 ± 4358.4     2212.3 ± 14588.5    0.264
   > 100 (n = 101) 48 (28.4) 53 (41.1)    0.004 1.888 (1.094–3.588) 0.050
PIVKA II (mAU/mL)   327.4 ± 886.0     795.1 ± 2040.9    0.048
   > 100 (n = 55) 32 (18.9) 23 (17.8)    0.466
Tumor size (cm)   3.84 ± 2.66   5.28 ± 3.46 < 0.001
   > 5 (n = 72) 27 (16.0) 45 (34.9) < 0.001 1.516 (0.797–2.882) 0.204
Tumor number   1.18 ± 0.57   1.39 ± 1.10    0.046
   Multiple (n = 40) 19 (11.2) 21 (16.2)    0.124
SUVs on PET CT   3.84 ± 1.80   5.94 ± 4.20    0.001
   > 3.5 (n = 47) 22 (13.0) 25 (19.4)    0.005 2.025 (1.046–3.921) 0.036
RER (n = 100)   0.75 ± 0.16   0.72 ± 0.12    0.295
   < 0.6 (n = 11) 4 (2.4) 7 (5.4)    0.011

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; PLT: Platelets; ICG: Indocyanine green; CTP: Child-Turcotte-Pugh; 
MELD: Model for End-stage Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized 
uptake values; PET: Positron emission tomography; RER: Relative enhancement ratio.
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recurrence and survival rates. We analyzed tumor cell dif-
ferentiation, recurrence and survival using preoperative 
factors to select the most appropriate patients for surgical 
resection, then established a novel scoring system that 
incorporates the most important influencing factors.

In previous reports of  prognosis after surgery for 
HCC, the 3- and 5-year survival rates were 46%-47% and 
26%-68%, respectively. The 5-year disease-free survival 
rate was 24%-56% in those studies[7,14,15]. In our study, the 
3- and 5-year survival rates and 5-year disease-free surviv-
al rate were 66.4%, 58.7% and 47.0%, respectively. These 
results are better than those reported previously. Some 
investigators have reported that several prognostic factors 
are related to recurrence and survival rates after surgical 
resection for HCC. Chen et al[16] reported that a tumor 
size > 5 cm was significantly related to a worse prognosis 
after surgery, and Miyaaki et al[17] reported that high levels 
of  tumor markers such as AFP or PIVKA Ⅱ were close-
ly related to a poor prognosis. Preoperative MELD or 
CTP scores are also well known predictive factors for the 
prognosis of  HCC[18,19]. Tumor biology, such as tumor 
differentiation, was reported to be closely related to prog-
nosis after surgery[20,21]; thus, this should also be predicted 
prior to surgery to reduce the recurrence and survival 
rates. Needle biopsy can be performed to confirm the 
histological grade of  the tumor prior to surgery[22]; how-
ever, this is not generally recommended because of  the 
complications associated with the procedure itself, such 
as tumor seeding or bleeding. Furthermore, it is not pos-
sible to obtain an precise result by needle biopsy alone if  
the tumor is of  a heterogeneous nature[8]. Therefore, it is 
important to evaluate tumor differentiation using an in-

direct method prior to surgery; evaluation of  serum AFP 
and PIVKA-Ⅱ levels is one such method[23,24]. 

Talbot et al[9] reported that the degree of  SUVs on 
PET-CT can predict tumor differentiation. Kitamura et 
al[25] assessed the difference in SUVs between the tumor 
and the surrounding tissue and reported that the recur-
rence rate increased significantly with an increasing dif-
ference in the SUVs. In our study, the higher SUVs of  
the tumors were correlated with poor tumor cell differ-
entiation, higher recurrence rates and lower survival rates. 
The most significant difference was between the SUVs 
of  both groups and the average of  3.5. Some reports 
have stated that the histological grade of  a tumor can be 
predicted by evaluating the signal intensity of  the tumor 
on MRI using hepatocyte-specific contrast media such 
as Gd-EOB-DTPA[12,26]. Kim et al[11] reported that the 
difference in enhancement between the tumor and the 
surrounding liver parenchyma is predictive of  the histo-
logical grade of  HCC. However, whether this difference 
in enhancement is directly correlated with the prognosis 
after surgery has not been investigated to date. Our find-
ings showed that this difference (RER) was significantly 
correlated with tumor cell differentiation, the recurrence 
and survival rates. A higher recurrence rate and lower 
survival rate were identified in the group with an RER of  
< 0.6. However, multivariate analysis with RER was not 
possible because an insufficient number of  patients un-
derwent routine MRI. Thus, further investigation of  RER 
is necessary. In addition to SUVs on PET-CT, RER may 
be predictive of  the prognosis after surgical resection.

Upon multivariate analysis, an AFP of  > 100 ng/ml 
and SUVs on PET-CT of  > 3.5 were significantly as-
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Table 4  Preoperative factors associated with survival  n  (%)

Variable Survival Death P  value Multivariate

(n  = 202) (n  = 96) Relative risk P  value

Age (yr) 57.0 ± 9.6 55.2 ± 9.8    0.131
Gender (male) 150 (74.3) 82 (85.4)    0.102
Cause of HCC (HBV:HCV:Alcohol:Others) 143:14:9:36 70:4:7:15    0.568
PLT (× 103/µL) 151.84 ± 62.56 152.11 ± 84.19    0.975
Bilirubin (mg/dL)   1.24 ± 7.21   1.04 ± 1.15    0.783
ICG   12.05 ± 15.45 10.61 ± 9.21    0.496
CTP scores   5.31 ± 0.63   5.59 ± 0.84    0.003 1.682 (0.310-9.116) 0.066
MELD scores   6.08 ± 2.51   6.93 ± 3.76    0.020   5.413 (0.895-32.718) 0.547
AFP (ng/mL)     667.2 ± 3733.2     3086.7 ± 16970.2    0.057
   > 100 (n = 101) 58 (28.7) 43 (44.8)    0.005 3.061 (1.183-7.922) 0.021
PIVKA II (mAU/mL)     399.6 ± 1200.3     941.6 ± 2169.4    0.066
   > 100 (n = 55) 42 (20.8) 13 (13.5)    0.159
Tumor size (cm)   4.08 ± 2.86   5.30 ± 3.47    0.002
   > 5 (n = 72) 36 (17.8) 36 (37.5) < 0.001 1.796 (0.705-4.574) 0.220
Tumor number   1.17 ± 0.59   1.48 ± 1.19    0.005
  multiple (n = 40) 20 (9.9) 20 (20.8)    0.010   2.475 (0.505-12.137) 0.264
SUVs on PET CT   4.09 ± 2.45   6.57 ± 4.35    0.001
   > 3.5 (n = 47) 28 (13.9) 19 (19.8) < 0.001   7.331 (2.182-24.630) 0.001
RER (n = 100)   0.75 ± 0.15   0.70 ± 0.13    0.295
   < 0.6 (n = 11) 7 (3.5) 4 (4.2)    0.003

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; PLT: Platelets; ICG: Indocyanine green; CTP: Child-Turcotte-Pugh; 
MELD: Model for End-stage Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized 
uptake values; PET: Positron emission tomography; RER: Relative enhancement ratio.
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sociated with the recurrence and survival rates as well as the tumor cell differentiation. The mean tumor size and 
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Figure 2  Prediction of recurrence and survival using the new scoring system. Our new scoring system is based on the alpha fetoprotein (AFP) of 100 ng/mL, 
standardized uptake values (SUVs) on positron emission tomography-computed tomography (PET-CT) of 3.5 and relative enhancement ratio (RER) on magnetic 
resonance imaging (MRI) of 0.6. We then summed the scores. A: Disease free survival of all population; B: Overall survival of all population; C: Disease free survival 
in those with tumor size less than 5 cm; D: Overall survival in those with tumor size less than 5 cm; E: Disease free survival in those with tumor size more than 5 cm; F: 
Overall survival in those with tumor size more than 5 cm.
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tumors of  > 5 cm, mean PIVKA Ⅱ level, and RER of  
< 0.6 showed significant results in the univariate analysis. 
Based on these data, we established a scoring system to 
predict the prognosis after surgical resection. We scored 
patients based on an AFP of  100 ng/ml, SUVs on PET-
CT of  3.5, and RER of  0.6, and analyzed the correlation 
between the summed scores and the recurrence and sur-
vival rates. We divided the patients into two groups based 
on a mean tumor size of  5 cm. In the group with a mean 
tumor size > 5 cm, the score was significantly associated 
with both the recurrence and survival rates; however, 
this was not so in the group with a mean tumor size < 5 
cm. There is consensus that surgical resection is the gold 
standard treatment for small HCC, but not large HCC. 
However, surgical resection also can be recommended 
to patients with large tumors who show a good progno-
sis (0 or 1 point) using this scoring system. The patients 
with large HCC and high score (2 or 3 point) should be 
needed careful, close monitoring and adjuvant therapy 
after surgery. Our study had a number of  limitations. It 
was neither prospective nor case-controlled, and relatively 
few cases were included. Thus, the factors that showed 
significant results in this study should be confirmed in a 
prospective study that includes a larger number of  cases.

In conclusion, in cases with an AFP of  > 100 ng/ml 
and SUVs on PET-CT of  > 3.5, it is possible to predict 
high histologic grade of  tumor, the recurrence and sur-
vival rates preoperatively. The tumor size, serum PIVKA 
Ⅱ level, and RER were also predictive of  the prognosis 
after surgery. Furthermore, based on these data, it is pos-
sible to predict a good prognosis after surgical resection 
using our scoring system even in high-risk patients with a 
mean tumor size of  > 5 cm.
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