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Abstract
AIM: To evaluate whether metabolic factors are related 
to distant recurrence of hepatocellular carcinoma (HCC) 
and survival after curative treatment.

METHODS: This retrospective study included 344 
patients whose HCC was treated curatively by radio-
frequency ablation (RFA) therapy. The mean age was 
67.6 years and the mean observation period was 4.04 
years. The etiological background of liver disease was 

hepatitis B virus infection in 30, hepatitis C virus infec-
tion in 278, excessive alcohol drinking in 9, and other 
in 27 patients. The Child-Pugh classification grade was 
A (n  = 307) or B (n  = 37). The number of HCC nodules 
was one in 260, two in 61, and three in 23 patients. For 
surveillance of HCC recurrence after curative therapy 
with RFA, patients were radiologically evaluated every 3 
mo. Factors associated with distant recurrence of HCC 
or survival were studied.

RESULTS: Inadequate maintenance of blood glucose 
in diabetic patients was associated with higher inci-
dence of distant recurrence. The 1-, 2-, and 3-year 
recurrence rates were significantly higher in diabetic 
patients with inadequate maintenance of blood glucose 
compared with the others: 50.6% vs  26.8%, 83.5% vs  
54.4%, and 93.8% vs  73.0%, respectively (P  = 0.0001). 
Inadequate maintenance of blood glucose was an in-
dependent predictor of distant recurrence [adjusted 
relative risk 1.97 (95%CI, 1.33-2.91), (P  = 0.0007)] 
after adjustment for other risk factors, such as number 
of HCC nodules [2.03 (95%CI, 1.51-2.73), P  < 0.0001] 
and initial level of serum alpha fetoprotein (AFP) [1.43 
(95%CI, 1.04-1.97), P  = 0.028]. Obesity was not an 
independent predictor of recurrence. The incidence of 
distant recurrence did not differ between diabetic pa-
tients with adequate maintenance of blood glucose and 
non-diabetic patients. Among 232 patients who had 
HCC recurrence, 138 had a second recurrence. The 1-, 
2-, and 3-year rates of second recurrence were signifi-
cantly higher in diabetic patients with inadequate main-
tenance of blood glucose than in the others: 9.0% vs  
5.9%, 53.1% vs  24.3%, and 69.6% vs  42.3%, respec-
tively (P  = 0.0021). Inadequate maintenance of blood 
glucose in diabetic patients [1.99 (95%CI, 1.23-3.22), 
P  = 0.0049] and presence of multiple HCC nodules 
[1.53 (95%CI, 1.06-2.22), P  = 0.024] were again 
significantly associated with second HCC recurrence. 
Inadequate maintenance of blood glucose in diabetic 
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patients was also a significant predictor of poor survival 
[2.77 (95%CI, 1.38-5.57), P  = 0.0046] independent of 
excessive alcohol drinking [6.34 (95%CI, 1.35-29.7), 
P  = 0.019], initial level of serum AFP [3.40 (95%CI, 
1.88-6.18), P  < 0.0001] and Child-Pugh classification 
grade B [2.24 (95%CI, 1.12-4.46), P  = 0.022]. Com-
paring diabetic patients with inadequate maintenance 
of blood glucose vs  the others, the 1-, 2-, and 3-year 
survival rates were significantly lower in diabetic pa-
tients with inadequate maintenance of blood glucose: 
92% vs  99%, 85% vs  96%, and 70% vs  92%, respec-
tively (P  = 0.0003). 

CONCLUSION: Inadequate maintenance of blood glu-
cose in diabetic patients is a significant risk factor for 
recurrence of HCC and for poor survival after curative 
RFA therapy.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common cancers worldwide[1] and its incidence has been 
increasing in many countries[2]. Surgical resection, liver 
transplantation, and local ablation therapy, such as radio-
frequency ablation (RFA) therapy, have been considered 
as efficient curative therapies for HCC. RFA therapy is 
now widely performed in patients with small HCC[3] and 
a randomized controlled study demonstrated that the sur-
vival rates were similar in patients with small HCC receiv-
ing RFA or surgical resection[4]. A characteristic of  HCC 
is its high rate of  recurrence after curative resection or lo-
cal ablation therapy, reaching approximately 80% within 5 
years[5-7]. Identification of  factors related to recurrence of  
HCC and therapeutic intervention targeting these factors 
may lead to prevention of  frequent recurrence of  HCC 
and improved survival. 

Tumor factors, such as the number of  HCC nodules 
and their size, are associated with the recurrence of  HCC 
and survival prognosis[8-10]. Another factor that is associ-
ated with the recurrence of  HCC and survival is the he-
patic reserve function at the time of  HCC therapy[8,10,11]. 

Hepatitis C virus (HCV) and hepatitis B virus (HBV) 
infection are the major causes responsible for 80% of  
HCC cases[2] and antiviral therapy targeting HCV[12,13] or 

HBV[14] has been shown to decrease HCC recurrence, and 
improve hepatic reserve function and survival. Non-alco-
holic steatohepatitis (NASH) has also received attention 
as a cause of  HCC[15]. Metabolic factors, such as obesity 
and diabetes, are closely linked to the etiology of  NASH. 
These metabolic factors have also been identified as risk 
factors for several other types of  cancer. Obesity is associ-
ated with increased mortality rates of  several cancers[16,17] 
and diabetes is also reported as a risk factor for liver, pan-
creatic, renal, and colon cancers[18,19]. If  these metabolic 
factors are related to the recurrence of  HCC, therapeutic 
intervention targeting these factors may lead to preven-
tion of  frequent recurrence of  HCC and improved sur-
vival. The impact of  diabetes on the recurrence of  HCC 
after treatment has been discussed, but with conflicting 
results[20-23].

In this study, factors contributing to the recurrence 
and prognosis of  HCC after curative treatment were ana-
lyzed. We found that inadequate maintenance of  blood 
glucose was related to the high rate of  HCC recurrence 
and poor survival. 

MATERIALS AND METHODS
Patients whose HCC was treated by RFA at the Musash-
ino Red Cross Hospital were studied retrospectively for 
factors associated with recurrence of  HCC and survival. 
The inclusion criteria were as follows: (1) HCC treated 
curatively with RFA at the Musashino Red Cross Hospital 
between 1999 and 2007; (2) maximum diameter of  HCC 
nodule ≤ 3 cm; (3) number of  HCC nodules ≤ 3; (4) no 
previous history of  treatment for HCC; and (5) follow-
up observation for at least 6 mo after RFA therapy. 344 
patients met these criteria, including 140 women and 204 
men, with a mean age of  67.6 years and mean observa-
tion time of  4.04 years. The clinical characteristics of  the 
patients are summarized in Table 1. The etiological back-
ground of  liver disease was HBV infection in 30, HCV 
infection in 278, excessive alcohol drinking (intake of  
ethanol ≥ 60 g/d for ≥ 5 years continuously) in 9, and 
non-B non-C non-alcoholic etiology in 27 patients. The 
Child-Pugh classification grade was either A (n = 307) or 
B (n = 37). The number of  HCC nodules was one in 260, 
two in 61, and three in 23 patients. Thus, 260 patients had 
a single lesion, and 84 had multiple lesions. The maximum 
diameter of  HCC nodules was 19.9 ± 0.3 mm. 

Obesity was defined as a body mass index > 25 kg/
m2 according to the definition of  the Japan Society for 
the Study of  Obesity[24]. Blood glucose was measured 
monthly for 6 mo after HCC treatment and the average 
value was determined. Inadequate maintenance of  blood 
glucose was defined as an average value of  blood glucose 
≥ 200 mg/dL. The level of  hemoglobin A1c (HbA1c) 
was not used in the present study because the lifespan 
of  erythrocytes is shortened due to hypersplenism in 
patients with chronic hepatitis or cirrhosis, leading to 
lower HbA1c levels relative to the blood glucose level[25]. 
Diagnosis of  type 2 diabetes was made according to the 
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American Diabetes Association criteria of  a fasting blood 
glucose level ≥ 126 mg/dL (≥ 7.0 mmol/L) and/or 
HbA1c level ≥ 6.5[26]. After initial treatment of  HCC 
by RFA, the ablated area was confirmed by contrast-en-
hanced computed tomography (CT) within one week. If  
the ablated area was not sufficient, then RFA therapy was 
repeated until the HCC nodule was completely ablated. 

HCC surveillance and diagnosis of recurrence
Diagnosis of  HCC was based on abdominal ultrasonog-
raphy, contrast-enhanced CT, magnetic resonance imag-
ing (MRI), or angiography. Classical HCC was diagnosed 
for tumors showing vascular enhancement with washout 
on at least two types of  diagnostic imaging. Tumor bi-
opsy was used to diagnose tumors with non-classical im-
aging findings. 

For surveillance of  HCC recurrence after curative 
therapy with RFA, patients were evaluated by abdomi-
nal ultrasonography, contrast-enhanced CT, or contrast-
enhanced MRI every three months. Recurrence of  HCC 
was diagnosed based on a new lesion detected by ultraso-
nography showing vascular enhancement with washout 
on CT or MRI. If  the tumor was not hypervascular, a 
tumor biopsy was performed to confirm the diagnosis. 

Statistical analysis
For analysis of  survival and recurrence, the time of  initial 
RFA treatment was defined as day zero. Survival rate and 
recurrence rate were analyzed by the Kaplan-Meier meth-
od and log rank test. Multivariate analysis was performed 
using a Cox proportional hazard model. Data were ana-
lyzed using StatView Version 5.0 (SAS Institute Inc, Cary, 
North Carolina, United States) and IBM-SPSS statistics 
version 18 (IBM SPSS Inc, Chicago, IL, United States). 
Statistical significance was set at P < 0.05.

RESULTS
Factors associated with HCC recurrence 
Of  the 344 patients whose HCC was curatively treated 
by RFA, 232 had HCC recurrence. The 1-, 2-, and 3-year 
recurrence rates were 29.3%, 57.5%, and 75.2%, respec-
tively. On univariate analysis, inadequate maintenance of  
blood glucose, higher initial level of  serum AFP and mul-
tiple HCC nodules were significantly associated with HCC 
recurrence. Obesity (P = 0.06) and diabetes (P = 0.65) 
were not significantly associated with HCC recurrence. 

Thirty-seven patients had diabetes with inadequate 
maintenance of  blood glucose, 122 patients had diabetes 
with adequate maintenance of  blood glucose, and 185 
patients did not have diabetes. The HCC recurrence rate 
was significantly higher in diabetic patients with inad-
equate maintenance of  blood glucose than in the others (P 
= 0.0001) (Figure 1A). 

Comparing patients with diabetes (n = 159) and pa-
tients who did not have diabetes (n = 185), there was no 
significant difference in the recurrence rate (P = 0.65). 
Upon comparison of  the three groups, i.e., the diabetes 
with inadequate maintenance of  blood glucose group, 
the diabetes with adequate maintenance of  blood glucose 
group, and the non-diabetes group, the recurrence rate 
was significantly higher in the diabetes with inadequate 
maintenance of  blood glucose group than in the other 
two groups (P = 0.0001) (Figure 1B). On the other hand, 
there was no significant difference in the HCC recurrence 
rate between the diabetes patients with adequate main-
tenance of  blood glucose group and the non-diabetes 
group. 

In terms of  the number of  HCC nodules, namely, 
single (n = 260) vs multiple (n = 84), the recurrence rate 
was significantly higher in patients with multiple HCC 
nodules (P = 0.0001). Within each subgroup of  patients 
with single and multiple HCC nodules, diabetes with in-
adequate maintenance of  blood glucose was significantly 
associated with recurrence of  HCC (single, P = 0.006; 
multiple, P = 0.025) (Figure 2A, B). In terms of  the initial 
level of  serum AFP ≥100 ng/mL (n = 70) vs < 100 ng/
mL (n = 274), the recurrence rate was significantly higher 
in patients with AFP ≥ 100 g/mL (P = 0.018). Within 
each subgroup of  patients with AFP ≥ 100 ng/mL and 
< 100 ng/mL, diabetes with inadequate maintenance of  
blood glucose was associated with a higher rate of  recur-
rence (AFP ≥ 100 ng/mL, P = 0.005; AFP < 100 ng/
mL, P = 0.017) (Figure 2C, D). 

Independent risk factors for distant recurrence of  
HCC on multivariate analysis were inadequate mainte-
nance of  blood glucose in diabetic patients [adjusted rela-
tive risk, 1.97 (95%CI, 1.33-2.91), P = 0.0007], multiple 
HCC nodules [2.03 (1.51-2.73), P < 0.0001], and AFP ≥ 
100 ng/mL [1.43 (1.04-1.97), P = 0.028] (Table 2).

Factors associated with second recurrence 
Among the 232 patients who had HCC recurrence, 138 
had a second recurrence. Regarding second recurrence, 
inadequate maintenance of  blood glucose in diabetic pa-
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Table 1  Characteristics of patients undergoing curative 
radiofrequency ablation for hepatocellular carcinoma  n  (%)

Variable Value

Sex (male/female) 204/140
Age(yr) 67.6 ± 8.4
Etiology of liver disease: HBV/HCV/NBNC 30/278/36
AST (IU/L)   84.0 ± 34.5
ALT (IU/L)   73.2 ± 36.5
GGT (IU/L)   82.9 ± 96.8
T-Chol (mg/dL) 157.8 ± 32.0
TG (mg/dL) 112.3 ± 55.7
Mean blood sugar (mg/dL) 139.3 ± 44.0
Diabetes mellitus 159 (48)
BMI > 25 kg/m2   86 (25)
Maximum diameter of HCC nodule (mm) 19.9 ± 0.3
Number of HCC nodules: single/2 or 3 260/84
AFP (ng/mL)     214 ± 1025
Alcohol drinking > 60 g/d     9 (2.6)
Child-Pugh grade: A/B 307/37

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NBNV: Neither HBV nor 
HCV; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
GGT: γ-glutamyltransferase; T-Chol: Total cholesterol; TG: Triglyceride; 

BMI: Body mass index; AFP: α-fetoprotein; HCC: Hepatocellular 
carcinoma.
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= 0.31). Upon comparison of  the three groups, i.e., the 
diabetes with inadequate maintenance of  blood glucose 
group, the diabetes with adequate maintenance of  blood 
glucose group, and the non-diabetes group, the second 
recurrence rate was again significantly higher in the diabe-
tes with inadequate maintenance of  blood glucose group 
than in the other two groups (P = 0.0035) (Figure 3B). 
On the other hand, there was no significant difference in 
the second recurrence rate between the diabetes with ad-
equate maintenance of  blood glucose group and the non-
diabetes group. 

Independent risk factors for second recurrence of  
HCC on multivariate analysis were inadequate main-
tenance of  blood glucose [1.99 (95%CI, 1.23-3.22), P 
= 0.0049] and multiple HCC nodules [1.53 (95%CI, 
1.06-2.22), P = 0.024] (Table 2). 

Factors associated with survival 
There were 52 HCC-related or hepatic failure deaths. 
On univariate analysis, inadequate maintenance of  blood 
glucose, excessive alcohol drinking, higher initial level of  
serum AFP and Child-Pugh classification grade B were 
significantly associated with survival. Obesity (P = 0.81) 
and diabetes (P = 0.11) were not significantly associated 
with survival. 

Upon comparing diabetic patients with inadequate 
maintenance of  blood glucose vs the others, the survival 
rate was significantly lower in patients with inadequate 
maintenance of  blood glucose (P = 0.0003) (Figure 4A). 
Upon comparing diabetic patients vs non-diabetic pa-
tients, the survival rates were not significantly different 

tients and multiple HCC nodules were again significantly 
associated with HCC recurrence. Obesity (P = 0.18), dia-
betes (P = 0.31) and initial level of  serum AFP (P = 0.08) 
were not associated with second recurrence. In terms of  
the number of  HCC nodules, namely, single vs multiple, 
the 1-, 2-, and 3-year recurrence rates were significantly 
higher in patients with multiple lesions (6.4% vs 6.1%, 
39.3% vs 23.1%, and 52.5% vs 42.3%, respectively, P = 
0.013). Upon comparing diabetic patients with inadequate 
maintenance of  blood glucose vs the others, the rate of  
second recurrence was significantly higher in diabetic 
patients with inadequate maintenance of  blood glucose 
(P = 0.0021) (Figure 3A). Upon comparing patients with 
diabetes vs patients who did not have diabetes, the rates 
of  second recurrence were not significantly different (P 
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Figure 1  Kaplan-Meier curves showing a higher rate of hepatocellular carcinoma recurrence in diabetic patients with hyperglycemia. A: The cumulative inci-
dence of the recurrence of hepatocellular carcinoma (HCC) was significantly higher in diabetic patients with inadequate maintenance of blood glucose (blood glucose 
≥ 200 mg/dL solid line) than in the others (dotted line) (P = 0.0001); B: The HCC recurrence rate was significantly higher in diabetic patients with inadequate main-
tenance of blood glucose (solid line) than in diabetic patients with adequate maintenance of blood glucose (blood glucose < 200 mg/dL, broken line) or non-diabetic 
patients (dotted line) (P = 0.0001). There was no significant difference in HCC recurrence rate between diabetic patients with adequate maintenance of blood glucose 
and non-diabetic patients.
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Table 2  Multivariate analysis of factors associated with 
recurrence of hepatocellular carcinoma

Factors Odds ratio (95%CI) P -value

First recurrence
   Inadequate maintenance of blood 
glucose

1.97 (1.33-2.91)     0.0007

   Multiple HCC nodules 2.03 (1.51-2.73) < 0.0001
   AFP ≥ 100 ng/mL 1.43 (1.04-1.97)   0.028
Second recurrence
   Inadequate maintenance of blood 
glucose (mg/dL)

1.99 (1.23-3.22)     0.0049

   Multiple HCC nodules 1.53 (1.06-2.22)   0.024

Inadequate maintenance of blood glucose was defined as an average of 
casual blood glucose of ≥ 200 mg/dL. HCC: Hepatocellular carcinoma; 
AFP: α-fetoprotein. 
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(P = 0.11). of  the survival rate was compared among the 
three groups, i.e., the diabetes with inadequate mainte-
nance of  blood glucose group, the diabetes with adequate 
maintenance of  blood glucose group, and the non-
diabetes group. The survival rate was significantly poorer 
in the diabetes with inadequate maintenance of  blood 
glucose group than in the other two groups (P = 0.0003) 
(Figure 4B), while it did not differ between the diabetes 
with adequate maintenance of  blood glucose group and 
the non-diabetes group. 

The number of  HCC nodules, which was a significant 
factor for HCC recurrence, was not related to survival 
(P = 0.34). Patients with excessive alcohol drinking had 
poor survival prognosis compared to those with non-
excessive or no alcohol drinking (P = 0.046). Survival was 

better in patients in Child-Pugh A class than in patients 
in Child-Pugh B class (P = 0.0082). AFP ≥ 100 ng/mL 
was associated with poor survival compared with AFP < 
100 ng/mL (P < 0.0001). 

On multivariate analysis, inadequate maintenance of  
blood glucose was a significant predictor of  poor sur-
vival [2.77 (95%CI, 1.38-5.57), P = 0.0046] independent 
of  excessive alcohol drinking [6.34 (95%CI, 1.35-29.7), P 
= 0.019], initial level of  serum AFP ≥ 100 ng/mL [3.40 
(95%CI, 1.88-6.18), P < 0.0001] and Child-Pugh clas-
sification grade B [2.24 (95%CI, 1.12-4.46), P = 0.022] 
(Table 3).

DISCUSSION
The impact of  metabolic factors, such as hyperglycemia, 
diabetes and obesity, on distant recurrence and survival 
after curative RFA therapy for HCC was analyzed retro-
spectively. We identified that inadequate maintenance of  
blood glucose in diabetic patients was a significant and in-
dependent risk factor for early recurrence of  HCC and a 
risk factor for poor survival, whereas obesity and diabetes 
were not. Diabetic patients with inadequate maintenance 
of  blood glucose had a higher rate of  HCC recurrence 
and poorer survival compared with diabetic patients with 
adequate maintenance of  blood glucose and non-diabetic 
patients. In other words, even in patients with diabetes, if  
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Figure 2  Diabetic patients with inadequate maintenance of blood glucose have higher rate of hepatocellular carcinoma recurrence after stratification by 
other risk factors. A: P = 0.006 for single hepatocellular carcinoma (HCC) nodule; B: P = 0.025 for multiple HCC nodules; C: P = 0.005 for AFP ≥ 100 ng/mL; D: P 
= 0.017 for α-fetoprotein (AFP) < 100 ng/mL. The cumulative incidence of the recurrence of HCC was significantly higher in diabetic patients with inadequate mainte-
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Table 3 Multivariable analysis of factors associated with 
survival

Factors Odds ratio (95%CI) P -value

Inadequate maintenance of blood glucose 2.77 (1.38-5.57)    0.0046
Alcohol drinking ≥ 60 g/d 6.34 (1.35-29.7)  0.019
Child Pugh grade B 2.24 (1.12-4.46)  0.022
AFP ≥ 100 ng/mL 3.40 (1.88-6.18) < 0.0001

Inadequate maintenance of blood glucose was defined as an average of 
casual blood glucose of ≥ 200 mg/dL. AFP: α-fetoprotein. 
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the blood glucose was adequately maintained, the HCC 
recurrence rate and survival did not differ significantly 
compared with those in non-diabetic patients. These re-
sults indicate the possibility that adequate management 
of  hyperglycemia may lead to reduction in the risk of  
HCC recurrence and improvement of  overall survival. 

The contribution of  diabetes to the development of  
HCC has been confirmed in several reports[27-30]. The im-
pact of  diabetes on the recurrence of  HCC after treatment 
has also been discussed, but with conflicting results[20-22]. 
A recent study from Taiwan demonstrated that diabetes 
may not affect the intra-hepatic HCC recurrence and sur-
vival after RFA[23]. The results of  the present study also 
indicated that diabetes itself  is not a significant risk fac-
tor if  the level of  blood glucose is adequately managed. 
Rather, hyperglycemia was a significant risk factor for the 
recurrence of  HCC. There may be several mechanisms 
involved in the relationship between hyperglycemia and 
HCC recurrence. Hyperglycemia promotes cancer cell 
proliferation in pancreatic cancer cells and breast cancer 
cells[31-33] through accelerated cell cycle progression or 
through the production of  reactive oxygen species, lead-
ing to activation of  protein kinase C and increased DNA 
synthesis in cancer cells[34]. A previous study in hepatitis 
C patients indicated that hyperglycemia after challenge 
with 75-g oral glucose tolerance test was associated with 
the risk for HCC while hyperglycemia at fasting was 
not[35]. A possible reason for this result may be that pa-
tients with post-challenge hyperglycemia may have higher 
fluctuations in daily glucose levels that lead to oxidative 
stress[35], because it was reported that acute fluctuations 
in blood glucose levels cause greater oxidative stress than 

sustained chronic hyperglycemia[36]. Taken together, a 
possible mechanism for the relationship between higher 
level of  casual blood glucose and development of  HCC 
in the present study may be that daily fluctuations in se-
rum glucose levels caused greater oxidative stress. Alter-
natively, hyper-insulinemia or increased level of  insulin-
like growth factor, which are caused by hyperglycemia, 
may be related to carcinogenesis[37-39]. Insulin levels were 
not measured in our study; therefore, the effects of  insu-
lin could not be identified. 

Discussions are now taking place on methods of  
treating diabetes from the standpoint of  cancer preven-
tion. Control of  hyperglycemia could reduce cancer in-
cidence, which means that hyperglycemia could directly 
contribute to the development of  cancer[39]. The results 
of  our study also showed that adequate management 
of  hyperglycemia may lead to reduction in the risk of  
HCC recurrence and improvement of  overall survival. 
Improvement in insulin resistance is undoubtedly the 
most important factor for the treatment of  diabetes, but 
glycemic control is often difficult to achieve with dietary 
therapy, exercise, or insulin resistance-improving drugs 
alone. It was reported that metformin may be associated 
with a lower risk of  cancer[38] and there is a theoretical 
concern that exogenous insulin may be associated with 
an increased risk of  cancer[40]. In fact, a recent study 
reported that insulin therapy in patients with HCV infec-
tion is linked with the development of  HCC[41]. On the 
other hand, with insulin treatment, concomitant use of  
metformin has been reported to offset the carcinogenic 
risk of  insulin[42]. Whether glycemic control should be a 
priority, or whether avoiding hyper-insulinemia because 
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Figure 3  Kaplan-Meier curves showing a higher rate of second recurrence of hepatocellular carcinoma in diabetic patients with inadequate maintenance 
of blood glucose. A: The cumulative incidence of the second recurrence of hepatocellular carcinoma (HCC) was significantly higher in diabetic patients with inade-
quate maintenance of blood glucose (blood glucose ≥ 200 mg/dL solid line) than in the others (dotted line) (P = 0.002); B: The rate of second recurrence of HCC was 
significantly higher in diabetic patients with inadequate maintenance of blood glucose (solid line) than in diabetic patients with adequate maintenance of blood glucose 
(blood glucose < 200 mg/dL, broken line) or non-diabetic patients (dotted line) (P = 0.004). There was no significant difference in the rate of second recurrence of 
HCC between diabetic patients with adequate maintenance of blood glucose and non-diabetic patients. 
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of  therapy should be a priority, is an issue for future in-
vestigation.

In terms of  survival of  HCC patients, associations 
with liver function and tumor factors have been re-
ported[10], but conflicting results have been reported for 
the relationship with diabetes[20,21]. These two studies 
involved heterogeneous groups of  HCC patients treated 
with various therapies, including surgery, local ablation 
therapy and transcatheter arterial embolization. This het-
erogeneity may have led to the conflicting results, because 
the survival of  HCC patients may be strongly affected by 
the initial treatment. Our study involved a homogeneous 
patient population, i.e., all patients were initially treated 
curatively by RFA. The results of  our study suggest 
that glycemic control in diabetic patients, more so than 
diabetes itself, plays a role in survival. The mechanism 
by which glycemic control and survival are related is 
unknown, but frequent recurrence of  HCC in hypergly-
cemic patients and the accumulation of  damage in liver 
function because of  repeated treatment intervention for 
HCC may lead to worsening survival. 

In conclusion, inadequate maintenance of  blood 
glucose in diabetic patients was a significant and inde-
pendent risk factor for early recurrence of  HCC and for 
poor survival. Adequate management of  hyperglycemia 
in diabetic patients may lead to reduction in the risk of  
HCC recurrence and improvement in overall survival.
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