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Abstract. This study was conducted to investigate whether 
fluorine‑18 fluorodeoxyglucose positron emission tomog-
raphy/computed tomography (18F‑FDG PET/CT) is useful for 
predicting the distance of intrahepatic metastases and micro-
vascular invasion from the main tumor and the pattern of 
postoperative recurrence. A total of 89 consecutive patients 
who underwent 18F‑FDG PET/CT prior to liver resection for 
hepatocellular carcinoma (HCC) between April, 2006 and 
December, 2011 were enrolled in this study. The distance 
between the microsatellite lesion and the main nodule 
(microsatellite distance) was analyzed and measured patho-
logically. The correlation between maximal standardized 
uptake values (SUVmax) and microsatellite distance was 
analyzed and the independent risk factors for microsatellite 
distance  >1  cm were assessed. The postoperative recur-
rence patterns were divided into no recurrence, intrahepatic 
recurrence and extrahepatic recurrence. SUVmax and the 
distribution of microsatellite lesions were compared among 
these groups. The postoperative recurrence patterns were 
also analyzed according to the SUVmax and the microsatel-
lite lesion pattern. SUVmax was found to be significantly 
correlated with the distance from the microsatellite lesion 
to the main nodule (r=0.57, P<0.0001). On the multivariate 
analysis of microsatellite distance >1 cm, the only significant 

factor was SUVmax [P=0.002; hazard ratio=1.60; 95% confi-
dence interval (CI): 1.23‑2.26]. The optimal cutoff value of 
SUVmax for microsatellite distance >1  cm was 8.8. The 
mean SUVmax and the microsatellite distance were highest 
in patients with postoperative extrahepatic metastases 
(8.6 and 9,160 µm, respectively). In conclusion, the SUVmax 
of 18F‑FDG PET/CT reflects microsatellite distance and the 
patterns of postoperative recurrence in HCC. Therefore, 
18F‑FDG  PET/CT may be a useful imaging modality for 
determining the resection margin and the treatment protocol 
for HCC.

Introduction

Although there are various treatment protocols for hepa-
tocellular carcinoma (HCC), including liver resection and 
radiofrequency ablation (RFA), >598,000 patients succumbed 
to this disease worldwide in 2012 (1). Intrahepatic metastasis 
and microvascular invasion (microsatellite lesions) are associ-
ated with recurrence rate and prognosis (2‑4). The survival 
time of HCC patients with microsatellite lesions remains 
unsatisfactory (5).

The mechanism of distant metastasis and recurrence 
is often considered to be via the systemic circulation  (6). 
Previously, Sasaki et al (7) reported that the distance of the 
microsatellite lesion from the main tumor (microsatellite 
distance) was associated with prognosis. However, microsatel-
lite distance cannot be evaluated by computed tomography 
(CT) or magnetic resonance imaging (MRI). If there remain 
microsatellite lesion after treatment, recurrence is inevitable. 
When the strategy for HCC treatment is being established, it is 
important to evaluate the microsatellite distance. The predic-
tion of preoperative microsatellite distance is of particular 
importance for treatment selection in HCC.

Fluorine‑18 fluorodeoxyglucose positron emission tomog-
raphy/CT (18F‑FDG PET/CT) is effective for detecting and 
staging a variety of malignant diseases. 18F‑FDG PET/CT 
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is based on the fact that a number of malignant tumors take 
up glucose. However, 18F‑FDG PET/CT was not found to be 
effective in detecting HCC, particularly well‑differentiated 
HCC, although FDG accumulation was found to reflect 
malignant potential (8,9). Patients with tumors exhibiting high 
FDG accumulation are associated with a poor prognosis after 
therapy (10,11). However, 18F‑FDG PET/CT was found to be 
effective for detecting extrahepatic metastases (12).

The aim of the present study was to investigate whether 
18F‑FDG PET/CT is a useful preoperative imaging modality 
for predicting the distance of the microsatellite lesion from the 
main tumor and the postoperative recurrence pattern.

Patients and methods

Patients and follow‑up. This was a retrospective study. 
All the study protocols were approved by the Institutional 
Ethics Committee of the Ehime Prefectural Central Hospital, 
Ehime University Graduate School of Medicine (Ehime 
University Hospital) (approval number: 1106005 and UMIN 
ID number: 000008652) and all the patients provided written 
informed consent. In this study, patients with initial HCC who 
underwent hepatic resection (systematic segmentectomy) at 
Ehime University Hospital and Ehime Prefectural Central 
Hospital between April, 2006 and July, 2011 were enrolled. 
Preoperatively, the patients underwent abdominal ultraso-
nography (US), CT, MRI, or angiography. 18F‑FDG PET/CT 
was performed within 1 month prior to hepatic resection. 
Preoperative transcatheter arterial chemoembolization was 
not performed. The diagnosis of HCC was confirmed by 
pathological findings in all the cases.

Adjuvant therapy was not administered in this study. 
During follow‑up, abdominal US or contrast‑enhanced CT 
(CECT) was performed every 3 months. The diagnosis of 
recurrence was based on imaging findings. Extrahepatic 
metastasis was diagnosed with a whole‑body imaging study, 
including CECT or 18F‑FDG PET/CT. The period for disease 
recurrence was defined as the number of days from hepatic 
resection to detection of disease recurrence.

18F‑FDG PET/CT imaging protocol. The patients were fasted 
for a minimum of 6 h prior to the injection of 222‑370 MBq 
18F‑FDG. Images were acquired at 60 min post‑injection. 
Blood glucose levels were measured prior to the injection 
and none of the patients were withdrawn from the study due 
to high blood glucose levels; no additional drugs for glucose 
control were administered.

18F‑FDG PET/CT scans were obtained using a multislice 
PET/CT camera (Discovery STE; GE Healthcare, Milwaukee, 
WI, USA). The PET scanner contains bismuth germanate detec-
tors and reconstructs 35 axial images at 4.25‑mm intervals, 
with a field of view of 15.6 cm. Spatial resolution of this system 
for 3‑dimensional (3D) mode in full‑width at half‑maximum is 
5.12 mm at 1‑cm offset from the center (13). CT was performed 
on the same scanner without contrast administration. The CT 
scan data were collected with 160‑280 mAs (adjusted to the 
patient's body weight) and a gantry rotation speed of 0.8 s. All 
the CT scans were obtained using 3.75‑mm axial sections for 
attenuation correction and diagnosis. Whole‑body acquisitions 
(head to mid‑thigh) were performed in 3D mode with the use 

of 6 or 7 bed positions and emission images were acquired for 
3 min per bed position. PET, CT and fused PET/CT images 
were reconstructed and reviewed on Advantage Workstations  
version 4.5 (GE Healthcare). The PET/CT and CT diagnostic 
results were compared.

Interpretation and analysis of PET/CT images. The evaluation 
of the 18F‑FDG PET/CT images was performed by a combined 
team of experienced nuclear medicine physicians and radiolo-
gists, in consensus, who were blinded to clinical and laboratory 
data and the final clinical diagnosis. For each PET dataset, 
the tumor with the most intense 18F‑FDG uptake of all foci 
was carefully identified for the maximal count. A volumetric 
region of interest encompassing the entire tumor was drawn 
to ensure correct identification of the maximal count. The 
maximal standardized uptake value (SUVmax) was calculated. 
In a region of interest, only the lesions that exhibited the most 
substantial 18F‑FDG uptake were selected as the target lesions 
for evaluating response to therapy. Semi‑quantitative indices 
of the uptake of 18F‑FDG were calculated for each vascular 
segment. A volumetric region of interest encompassing the 
entire tumor was drawn to ensure correct identification of the 
maximal counts and its SUVmax.

Pathological evaluation. The resected specimens were 
divided at 10‑mm intervals and fixed in 20% formalin. The 
specimens were embedded in paraffin, cut into 4‑µm slices 
and stained with hematoxylin and eosin. The histological 
assessment was performed by two experienced pathologists 
(K.F. and Y.S.). The histological grade of the tumor was 
evaluated according to the classification of the Liver Cancer 
Study Group of Japan (14). Satellite lesions in the resected 
specimens were first assessed macroscopically and, if not 
identified, microscopic assessment was performed. Satellite 
lesions were identified as microscopic portal vein invasion 
or intrahepatic metastasis. To identify satellite lesions, we 
applied the criteria defined by the Liver Cancer Study Group 
of Japan: Tumors surrounding the main tumor with multiple 

Figure 1. Hematoxylin and eosin stain (magnification, x100). Photograph of a 
microsatellite lesion (smaller tumor) and the main tumor (hepatocellular car-
cinoma). The distance of the microsatellite lesion from the main tumor was 
measured (black line) using the Virtual Slide system (Olympus Engineering).
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satellite nodules or small solitary tumors located near the 
main tumor that are histologically similar or less differen-
tiated than the main tumor (14). The distance between the 
satellite lesion and the main tumor was measured using 
the Virtual Slides system (Olympus Engineering Co., Ltd., 
Tokyo, Japan) (Fig. 1).

Data analysis. The clinicopathological parameters were 
compared between the groups using the Student's t‑test and 
the Chi‑square test, as appropriate. The significance of the 
differences was assessed by non‑parametric testing. The 
correlations between the microsatellite distance and other 
parameters were assessed by the Pearson's product‑moment 
correlation coefficient. Receiver operating characteristic 
(ROC) curves were constructed and the area under the 
ROC curve (AUC) was calculated by the trapezoidal rule. 
Optimal cutoff values were selected to maximize sensitivity, 
specificity and diagnostic accuracy. Sensitivity, specificity, 
positive predictive value and negative predictive value (NPV) 

were calculated using cutoffs obtained from the ROC curves. 
Variables that were found to be significant on the univariate 
analysis of factors affecting microsatellite distribution were 
included in a subsequent multivariate analysis using Cox's 
proportional hazards model. P<0.05 was considered to 
indicate a statistically significant difference. The statistical 
analysis was performed using JMP statistical software 
package, version 9 (SAS Institute Japan Ltd., Tokyo, Japan). 
All the values are presented as means ± standard deviation.

Results

Clinical and pathological characteristics. A total of 
89 patients (70 men and 19 women; median age, 68.4 years) 
were enrolled in this study. The patients' clinical characteris-
tics are presented in Table I. The median follow‑up period was 
12.1 months (range, 1‑126.7 months). The median disease‑free 
survival was 12.0 months and 45 patients (50.5%) developed 
postoperative recurrence. Intrahepatic recurrence occurred 
in 36 patients and extrahepatic recurrence occurred in 9. The 
locations of extrahepatic recurrence were the lungs (n=4), 
lymph nodes (n=3), bone (n=2) and adrenal gland (n=1). The 
median tumor SUVmax was 3.9  (range, 1.0‑20.5). Of the 
29 patients (32.6%) with microsatellite lesions in the resected 
specimens, 19 developed recurrence after resection.

Parameters associated with microsatellite distance. In a 
linear regression model, the significant parameters included 
α‑fetoprotein (AFP) (P<0.0003, r=0.37, 95% CI: 0.18‑0.54), 
protein induced by vitamin  K absence or antagonist‑II 
(PIVKA‑II) (P<0.0001, r=0.40, 95% CI: 0.20‑0.56), tumor 
diameter (P<0.0001, r=0.44, 95% CI: ‑0.26‑0.60) and tumor 
SUVmax (P<0.0001, r=0.58, 95% CI: 0.41‑0.70) (Table II).

SUVmax exhibited the most significant correlation with 
microsatellite distance. The linear regression model is shown 
in Fig. 2.

Independent risk factors for microsatellite distance >1 cm. 
On the univariate analysis of the independent risk factors for 
microsatellite distance >1 cm, the significant factors were 
preoperative tumor diameter (P=0.017; hazard ratio=1.23; 
95% CI: 1.04‑1.39) and SUVmax (P=0.0003; hazard ratio=1.65; 
95% CI: 1.30-2.29) (Table III). On the multivariate analysis, 
the only significant factor was SUVmax (P=0.002; hazard 
ratio=1.60; 95% CI: 1.23‑2.26). ROC curves were constructed 
and are presented in Fig. 3.

The predictive accuracy for microsatellite distance >1 cm 
was highest for SUVmax (0.854). The optimal cutoff value 
was 8.8. The sensitivity and specificity were 75.0 and 95.0%, 
respectively. The NPV was also found to be high (97.3%).

Microsatellite distance and SUVmax by postoperative 
recurrence pattern. The patients were divided into 3 groups 
according to the initial recurrence pattern: No recurrence 
(group 1), intrahepatic recurrence (group 2) and extrahepatic 
recurrence (group 3).

The mean distance was 841 µm in group 1, 2,098 µm in 
group 2 and 9,691 µm in group 3 (Fig. 4). The mean SUVmax 
was 4.0 in group 1, 5.1 in group 2 and 8.6 in group 3 (Fig. 5). 
The mean microsatellite distance and mean SUVmax were 

Table I. Clinical characteristics of patients in this study (n=89).

Variables	 Values

Patient characteristics
  Gender (male/female)	 70/19
  Age, years [median (range)]	 70 (38‑87)
  BMI, kg/m2 [median (range)]	 23.0 (17.5‑42.1)
Etiology
  Hepatitis B/hepatitis C/other	 14/48/27
Biochemical value, median (range)
  AST (IU/l)	 43 (5‑134)
  ALT (IU/l)	 34 (9‑161)
  PLT (104/µl)	 14.1 (3.6‑31.3)
  TBil (mg/dl)	 0.6 (0.2‑2.6)
  Alb (g/dl)	 4.0 (2.4‑4.9)
  PT (%)	 80.2 (58.4‑117.3)
  AFP (ng/dl)	 26.1 (1.4‑75,000)
  PIVKA‑II (mAU/ml)	 160 (4.5‑75,000)
HCC characteristics, median (range)
  Tumor size (cm)	 4.0 (1.2‑21)
  Number of tumors in one patient (range)	 1 (1‑3)
  Tumor stage (I/II/III/IVa)	 4/54/24/7
  SUVmax of tumor	 3.9 (1.0‑20.5)
  Number of satellite lesions	 29
Follow‑up
  Mean follow‑up period (months)	 12.1
  Number of patients with recurrence	 45
  Location of extrahepatic metastasis
  (lung/bone/lymph nodule/adrenal gland)	 4/2/3/1

BMI, body mass index; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; PLT, platelet count; TBil, total bilirubin; 
Alb, albumin; PT, prothrombin time; AFP, α‑fetoprotein; PIVKA‑II, 
protein induced by vitamin K absence or antagonist‑II; HCC, hepa-
tocellular carcinoma; SUVmax, maximal standardized uptake value.
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significantly higher with extrahepatic recurrence compared 
with other recurrence patterns.

Independent risk factors for prediction of the postopera‑
tive recurrence pattern. On the univariate analysis for the 
independent risk factors for postoperative extrahepatic recur-
rence, the significant factors were preoperative AFP level 
(P=0.019, hazard ratio 1.00, 95% CI: 1.00-1.00), PIVKA-II 
level (P=0.012, hazard ratio 1.00, 95% CI:1.00-1.00), 
SUVmax (P=0.001, hazard ratio 1.26, 95% CI: 1.03-1.53), 

and Diameter of tumor (P=0.033, hazard ratio 1.19, 95% 
CI: 1.01-1.42) (Table IV).

Discussion

The rate of HCC recurrence following treatment remains 
high  (15,16). In previous studies, the 5‑year disease‑free 
survival rate following liver resection was reported to be 
72% (2). Therefore, it is crucial to assess the risk of postop-
erative recurrence. The presence of microsatellite lesions 

Table II. Linear regression model for parameters associated with microsatellite distance.

Parameters	 r value	 95% CI	 t value	 P‑value

Age (years)	‑ 0.04	‑ 0.30‑0.18	‑ 0.35	 0.727
BMI (kg/m2)	‑ 0.12	‑ 0.32‑0.09	‑ 1.10	 0.274
AST (IU/l)	‑ 0.14	‑ 0.07‑0.34	 1.32	 0.192
ALT (IU/l)	‑ 0.005	‑ 0.21‑0.20	‑ 0.01	 0.988
PLT (x104/µl)	‑ 0.17	‑ 0.04‑0.37	 1.47	 0.145
TBil (mg/dl)	‑ 0.06	‑ 0.27‑0.14	‑ 0.56	 0.579
Alb (g/dl)	‑ 0.06	‑ 0.26‑0.16	‑ 0.45	 0.651
PT (%)	‑ 0.04	‑ 0.30‑0.18	 0.08	 0.935
AFP (ng/ml)	 0.37	 0.18‑0.54	 3.37	 0.0003
PIVKA‑II (mAU/ml)	 0.40	 0.20‑0.56	 4.16	 <0.0001
HbA1c (%)	‑ 0.15	‑ 0.33‑0.08	‑ 1.47	 0.145
Diameter of tumor (cm)	 0.44	‑ 0.26‑0.60	 4.63	 <0.0001
SUVmax	 0.58	 0.41‑0.70	 6.53	 <0.0001

CI, confidence interval; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PLT, platelet count; TBil, 
total bilirubin; Alb, albumin; PT, prothrombin time; AFP, α‑fetoprotein; PIVKA‑II, protein induced by vitamin K absence or antagonist‑II; 
HbA1c, hemoglobin A1c; SUVmax, maximal standardized uptake value.

Table III. Preoperative predictive factors for microsatellite distance >1 cm on univariate and multivariate regression models.

	 Univariate analysis	 Multivariate analysis
	 ---------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------
Parameters	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)	 P‑value	 AUC

Age (years)	 0.97 (0.91‑1.13)	 0.273
BMI (kg/m2)	 0.86 (0.65‑1.07)	 0.251
AST (IU/l)	 1.00 (0.98‑1.03)	 0.501
ALT (IU/l)	 0.99 (0.96‑1.02)	 0.863
PLT (x104/µl)	 1.07 (0.96‑1.19)	 0.180
TBil (mg/dl)	 0.26 (0.01‑2.11)	 0.327
Alb (g/dl)	 1.34 (0.35‑6.40)	 0.819
PT (%)	 1.00 (0.94‑1.07)	 0.868
AFP (ng/ml)	 1.00 (0.99‑1.00)	 0.182
PIVKA-II (mAU/ml)	 1.00 (0.99‑1.00)	 0.122
HbA1c (%)	 0.41 (0.09‑1.34)	 0.182
Diameter of tumor (cm)	 1.23 (1.04‑1.39)	 0.017	 1.06 (0.82‑1.32)	 0.591
SUVmax	 1.65 (1.30‑2.29)	 0.003	 1.60 (1.23‑2.26)	 0.002	 0.854

CI, confidence interval; AUC, area under the receiver operating characteristic curve; BMI, body mass index; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; PLT, platelet count; TBil, total bilirubin; Alb, albumin; PT, prothrombin time; AFP, α‑fetoprotein; PIVKA-II, 
protein induced by vitamin K absence or antagonist-II; HbA1c, hemoglobin A1c; SUVmax, maximal standardized uptake value.
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(intrahepatic metastasis and microvascular invasion) is an 
independent risk factor for postoperative recurrence (15,17‑19). 
Sumie et al  (20) reported that microvascular invasion was 
an independent risk factor for recurrence‑free survival. The 
5‑year recurrence‑free survival rates for patients with and 
without microvascular invasion were 20.8 and 52.6%, respec-
tively. Microvascular invasion and intrahepatic metastases 
were identified as independent predictors of disease‑specific 
survival.

Determining the extent of the treatment margin is critical, 
as an insufficient treatment margin causes disease recur-
rence after treatment. It is crucial to determine the treatment 
margin within the microsatellite lesion to prevent postop-
erative recurrence as much as possible. In previous studies, 
the microsatellite distance was associated with prognosis. 
Sasaki et al (7) reported that the overall survival rate of patients 

with a microsatellite distance >5 mm was lower compared to 
that of patients with a microsatellite distance <5 mm.

Even if the presence of a microsatellite lesion can be 
predicted preoperatively, it is difficult to predict the micro-
satellite distance. The extent of the treatment margin remains 
controversial. However, US, CT, or MRI cannot predict the 
presence of microsatellite lesions and the microsatellite 
distance preoperatively.

The use of 18F‑FDG PET/CT, which is based on the fact that a 
number of malignant tumors exhibit facilitated glucose uptake, 
was found to be effective for detecting and staging a variety 
of malignant diseases. However, in HCC, 18F‑FDG PET/CT 
is not effective for detecting tumors, particularly well‑differ-
entiated HCC. However, FDG accumulation reflects tumor 
aggressiveness (8,9). Patients with tumors with a high accu-
mulation of FDG have a poor prognosis after therapy (10,11). 

Figure 2. Linear correlation between microsatellite distance and maximum 
standardized uptake value (SUVmax). The correlation was found to be statis-
tically significant (r=0.58, P<0.0001).

Figure 3. Receiver operating characteristic curve of maximum standardized 
uptake value for predicting the distance of the microsatellite lesion from the 
main tumor.

Figure 4. Mean microsatellite distance by recurrence pattern. Group 1, no 
recurrence; Group 2, intrahepatic recurrence; and Group 3, extrahepatic 
recurrence. *P<0.01.

Figure 5. Mean maximum standardized uptake value (SUVmax) by recur-
rence pattern. Group 1, no recurrence; Group 2, intrahepatic recurrence; and 
Group 3, extrahepatic recurrence. *P<0.01.
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In other malignant tumors (e.g., malignant lymphoma or 
breast cancer), it is possible to diagnose not only the localiza-
tion but also disease activity and biological characteristics. 
18F‑FDG PET/CT was found to be useful for predicting disease 
activity and biological characteristics in HCC, including 
pathological evaluation. 18F‑FDG accumulation in HCC also 
reflects malignant potential. Hiraoka et al (21) demonstrated 
that high accumulation of FDG in HCC increased the risk of 
early postoperative recurrence following curative resection 
and the appearance of microsatellite lesions.

In the present study, the efficacy of 18F‑FDG PET/CT for 
the prediction of microsatellite distance was investigated. To 
the best of our knowledge, this is the first study to demon-
strate the correlation between microsatellite distance and 
median SUVmax; microsatellite distance correlated with 
SUVmax (r=0.58). On the multivariate analysis, the only 
significant factor was SUVmax (P=0.002; hazard ratio=1.60; 
95% CI: 1.23‑2.26). When the SUVmax was >9.3, the micro-
satellite distance was >1 cm.

There are various patterns of postoperative recurrence 
of HCC, including intrahepatic recurrence (within the same 
or a different segment of the primary tumor) or extrahepatic 
recurrence. The patterns of postoperative recurrence are asso-
ciated with the prognosis of HCC. Intrahepatic metastasis may 
be satisfactorily treated and controlled by resection or RFA. 
Shiina et al (22) reported that the 5‑year survival rate in patients 
treated by RFA was 60.2%. In addition, Ng et al (23) reported 
that the overall survival rates were significantly higher in 
patients with same segment recurrence of the primary tumor 
compared to different segment recurrence. Among the various 
recurrence patterns, extrahepatic recurrence has the worst 
prognosis following curative therapy. In previous reports, the 
1‑year survival rate was 40‑70% in patients with extrahepatic 

recurrence (24,25). It is crucial to predict the postoperative 
recurrence pattern. However, the number of available studies 
investigating the imaging modalities useful for predicting 
the postoperative recurrence pattern is currently limited. In 
the present study, the SUVmax was found to be significantly 
higher in patients with postoperative extrahepatic recurrence 
of HCC compared to that in other patients.

It was previously demonstrated that HCCs with a higher 
SUVmax exhibit a higher malignant potential. There are two 
patterns of metastasis in HCC, via the portal veins or the 
systemic circulation. The mechanism of distant metastasis is 
based on various factors, according to previous studies (26,27). 
In microsatellite lesions with a microsatellite distance >1 cm, 
the pattern of metastasis is via the systemic circulation in almost 
all cases. Epithelial‑to‑mesenchymal transition (EMT) has been 
proposed as playing an important role in distant metastasis in 
cancer. During the process of EMT, epithelial cells lose polarity 
and intercellular junctions and acquire mesenchymal‑like 
characteristics, such as motility, becoming able to detach from 
the original tissue. The activation of EMT induces more distant 
metastases as microsatellite distance is >1 cm. In a previous 
study, FDG uptake was found to reflect the activation of 
glucose metabolism. Amann et al (28) reported that HCC with 
a higher uptake of glucose via glucose transporter 1 (GLUT‑1) 
into cancer cells exhibited higher proliferative activity and that 
18F‑FDG PET/CT reflects proliferative activity in HCC. The 
uptake of 18F‑FDG and the expression of GLUT‑1 were increased 
during the process of EMT, stimulated by transforming growth 
factor  β  (29). Therefore, it was suggested that high FDG 
accumulation may primarily reflect activation of EMT, tumor 
aggressiveness and distant metastasis in the present study.

There were several limitations to the present study. First, 
the design was retrospective. Second, the mean HCC diameter 

Table IV. Preoperative predictive factors for postoperative extrahepatic recurrence on univariate and multivariate regression 
models.

	 Univariate analysis	 Multivariate analysis
	 ---------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------
Parameters	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)	 P‑value	 AUC

Age (years)	 1.01 (0.95‑1.09)	 0.641
BMI (kg/m2)	 1.04 (0.88‑1.20)	 0.584
AST (IU/l)	 1.01 (0.99‑1.04)	 0.122
ALT (IU/l)	 1.01 (0.99‑1.03)	 0.158
PLT (x104/µl)	 1.04 (0.94‑1.14)	 0.414
TBil (mg/dl)	 1.45 (0.28‑5.22)	 0.593
Alb (g/dl)	 1.46 (0.42‑6.08)	 0.573
PT (%)	 1.00 (0.95‑1.04)	 0.854
AFP (ng/ml)	 1.00 (1.00‑1.00)	 0.019	 1.00 (1.00‑1.00)	 0.125
PIVKA-II (mAU/ml)	 1.00 (1.00‑1.00)	 0.012	 1.00 (0.99‑1.00)	 0.387
HbA1c (%)	 0.55 (0.16‑1.52)	 0.286
Diameter of tumor (cm)	 1.19 (1.01‑1.42)	 0.033	 0.93 (0.64‑1.20)	 0.620
SUVmax	 1.26 (1.03‑1.53)	 0.001	 1.24 (1.01‑1.55)	 0.033	 0.846

CI, confidence interval; AUC, area under the receiver operating characteristic curve; BMI, body mass index; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; PLT, platelet count; TBil, total bilirubin; Alb, albumin; PT, prothrombin time; AFP, α‑fetoprotein; PIVKA-II, 
protein induced by vitamin K absence or antagonist-II; HbA1c, hemoglobin A1c; SUVmax, maximal standardized uptake value.
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was relatively large; therefore, a validation study for microsat-
ellite distance in small HCCs would be required as a further 
experiment. Third, our sample size was small; therefore, 
further investigations, including a larger patient sample, are 
required.

In conclusion, SUVmax may be a valid predictor of 
microsatellite distance and postoperative recurrence pattern. 
SUVmax may also be an indicator for determining the treat-
ment protocol. There is currently no standard safety margin 
for liver resection or RFA. Generally, if the SUVmax is >8.8, 
we select anatomic liver resection with a margin >1 cm. In the 
future, if the prediction of extrahepatic metastasis is feasible 
using the SUVmax, SUVmax may become the standard for the 
introduction of systemic chemotherapy.
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