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weight gain and cancer occurrence. In addition, Tsugane  
et al (7) reported that liver cancers are associated with insulin 
resistance. In particular, diabetes mellitus is known to be a 
risk factor for hepatocellular carcinoma (HCC) (4) and to af-
fect its prognosis (8, 9). A recent meta-analysis by Wang et al 
(9) showed that diabetes is associated with poor disease-free 
survival (DFS) (hazard ratio [HR] = 1.46, 95% confidence inter-
val [CI] = 1.29-1.66) and overall survival (OS) (HR = 1.57, 95% 
CI = 1.21-2.05) in HCC patients. Komura et al (10) reported 
that diabetes is related to an increased risk of relapse and 
decreased OS in patients with hepatitis virus C-related HCC 
after curative resection. Even though the study by Komura  
et al did not show any prognostic effect of diabetes in patients 
with hepatitis virus B-related HCC, these results seem to be 
caused by the fact that only a small number of hepatitis virus 
B-related HCC patients (n = 25) were included in the study 
(10). Therefore, further evaluation of the effect of diabetes 
on patients with hepatitis virus B-related HCC is warranted.

Additionally, elevated alpha fetoprotein (AFP) level and 
Child-Pugh class for patients with liver cirrhosis are well-
known clinical prognostic factors for HCC. For surgically treated  
patients, positive resection margins, tumor size >5 cm, and 
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Introduction

The association between metabolism and cancer has 
been recognized recently, and is considered a new field of 
study (1, 2). Cancer incidence and progression are related to 
the body’s metabolic status (1, 3). The metabolic syndrome 
(including obesity, diabetes mellitus, hyperlipidemia, and hy-
pertension) is known to be closely associated with cancer in-
cidence and mortality (4, 5). Keum et al (6) recently reported 
the results of a meta-analysis on the association between 
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vascular invasion (11, 12) are generally considered poor prog-
nostic factors.

Metformin (biguanide), which is used to manage diabe-
tes, has been shown to have an antineoplastic effect (13). 
Both the adenosine monophosphate kinase and phosphati-
dylinositol-3 kinase pathways are believed to be involved in 
the anticancer effect of metformin (14, 15). The use of met-
formin is able to improve cancer treatment outcomes in HCC 
patients with diabetes (16) and should be evaluated further.

HCC is the third most lethal cancer worldwide (17). In 
particular, East Asia is an endemic area for hepatitis B. Ex-
cept surgery, there are no other effective curative treatment 
options for HCC (18). For these reasons, HCC is one of the 
most common malignancies in Korea, and the second most 
common cause of cancer-related deaths in Korean men (19). 
Further clinical investigation is required to find more effective 
treatment strategies for HCC.

The purpose of this study was to determine the associa-
tion between HCC recurrence and metabolic syndrome, and 
in particular the effect of diabetes. In addition, we evaluated 
the clinical and pathological prognostic factors related to 
treatment outcomes in patients with curatively resected HCC.

Materials and methods

We evaluated the medical records of 58 patients with 
HCC who underwent curative resection between January 
2010 and September 2014 at the Inje University Busan Paik 
Hospital. Every patient received surgical resection and had 
a pathologically confirmed diagnosis of HCC. None of the 
patients enrolled in this study had extrahepatic metastases  
(regional lymph nodal or distant metastases) or a prior medi-
cal history of local treatment (surgical resection, radiother-
apy, or transarterial chemoembolization). The patients who 
failed follow-up in the first 3 months after surgery were ex-
cluded from the evaluation. This study was approved by the 
Institutional Review Board of Busan Paik Hospital.

The patient characteristics are summarized in Table I. 
The median age was 57.5 years (range: 35-75 years). Forty-
eight patients (82.8%) were men. Fifty-one patients (87.9%) 
had single tumors at diagnosis, whereas 7 (12.1%) had mul-
tiple tumors. Patients were classified in accordance with the 
seventh edition of the American Joint Committee on Cancer 
Staging Manual. The numbers of patients with stage T1 and 
T2 disease were 44 (75.9%) and 14 (24.1%), respectively. In 
addition, most patients had Barcelona Clinic Liver Cancer 
(BCLC) (20) stage A, and only 2 patients had BCLC stage B. The 
types of surgery performed were the following: 11 (19.0%) 
lobectomies, 8 (13.8%) partial hepatectomies, 20 (34.5%) 
segmentectomies (including 4 lateral segmentectomies), and 
19 (32.8%) wedge resections. Two surgeons performed all of 
the resections in this study. There were 11 patients outside 
the Milan Criteria for liver transplantation (21).

Forty-seven patients (81.0%) had a medical history of hep-
atitis infection. Among them, 44 patients had viral hepatitis B 
and 4 had viral hepatitis C (1 had both B and C viral hepatitis). 
In addition, 22 patients (39.7%) had clinically significant liver 
cirrhosis.

Pathologically, the high-risk factors for progression in-
cluded in this study were serosal invasion (n = 4), vascular  

TAbLE I - Patient characteristics (n = 58)

Charateristics No. (%)

Age (years)
  Median age (range) 57.5 (35-75)

Sex
  Male 48 (82.8)
  Female 10 (17.2)

T stage
  T1 44 (75.9)
  T2 14 (24.1)

Tumor size (cm)
  ≤5 48 (82.8)
  >5 10 (17.2)

BCLC stage
  A 56 (96.6)
  B 2 (3.4)

Milan criteria
  Inclusion 47 (81.0)
  Exclusion 11 (19.0)

Viral hepatitis
  Yes 47 (81.0)
  B 44 (75.9)
  C 4 (6.9)
  No 11 (19.0)

Liver cirrhosis
  Yes 22 (39.7)
  No 36 (62.1)

Type of surgery
  Lobectomy 11 (19.0)
  Partial hepatectomy 8 (13.8)
  Segmentectomy 20 (34.5)
  Wedge resection 19 (32.8)

Pathological risk factors
  Yes 15 (25.9)
   Serosal invasion 4 (6.9)
   Microvascular invasion 8 (13.8)
   Resection margin involvement 6 (10.3)
  No 43 (74.1)

Histological grade
  G1 3 (5.2)
  G2 30 (51.7)
  G3 25 (43.1)

Alpha fetoprotein (ng/mL)
  ≤500 51 (87.9)
  >500 7 (12.1)

Diabetes
  Yes 14 (24.1)
  No 44 (75.9)

Obesity
  Yes 25 (43.1)
  No 33 (56.9)

BCLC = Barcelona Clinic Liver Cancer.
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invasion (n = 8), and positive resection margins (n = 6). Ac-
cording to the pathological reports, 10 patients (17.2%) had 
tumors larger than 5 cm; in cases of multifocal tumors, the 
diameter of the largest tumor was used as the tumor size. 
The degree of cellular differentiation (histological grade) 
was evaluated; 25 patients (43.1%) had grade 3 (undiffer-
entiated) malignancies. The AFP level was >500 ng/mL in 7 
patients (12.1%).

Fourteen patients (24.1%) with type 2 diabetes mellitus  
(diagnostic criteria: fasting plasma glucose level ≥126 mg/dL, 
hemoglobin A1c level >6.5%, or random glucose level >200 ng/
dL with symptoms) were included in the evaluation. In addition,  
25 patients (43.1%) with obesity (body mass index [BMI]  
>25 kg/m2) were included in this study.

The treatment response was assessed by using follow-
up computed tomography and magnetic resonance imag-
ing. Intrahepatic failure was defined as recurrence in the 
liver, including both marginal recurrence and intrahepatic 
metastases; regional lymph nodal metastases were defined 
as regional lymph nodal recurrence (hilar, hepatoduodenal 
ligament, inferior phrenic, and caval lymph nodes). Distant 
metastasis was defined as metastasis to distant organs. Lo-
cal control (LC), defined as time to recurrence in the liver, 
was selected as the primary endpoint of this study. The LC 
rate was calculated from the time of surgery. DFS was de-
fined from the date of surgery to overall relapse (including 
both intrahepatic recurrence and extrahepatic recurrence), 
death, or last follow-up. OS was measured from the date 
of surgical resection to death or last follow-up. DFS was 
assessed as the secondary endpoint to estimate the treat-
ment efficacy.

SPSS version 20.0 (IBM) was used for statistical evalua-
tion. Fisher’s exact test was used to evaluate the prognostic 
factors for treatment outcomes. For LC and survival analyses, 
the Kaplan-Meier method and the log-rank test were used 
for univariate analysis. The Cox proportional hazards model 
was used for multivariate analysis. Statistical significance was 
defined as p<0.05. In addition, p<0.10 was considered to indi-
cate marginal significance.

Results

Patterns of failure

The median follow-up period was 23.3 months (range: 
5.3-62.4 months). During the follow-up period, 20 patients 
(34.5%) developed recurrences: 17 (29.3%) developed in-
trahepatic (local) recurrence (5 cases of marginal failure and 
12 cases of intrahepatic metastases), 1 (1.7%) developed re-
gional lymph node failure, and 8 (13.8%) experienced distant 
metastases. The most frequent distant metastatic site was 
the lung, in 4 patients. Most patients (13/17, 76.5%) who ex-
perienced intrahepatic recurrence underwent transarterial 
chemoembolization as salvage treatment. During follow-up, 
4 patients (6.9%) died of recurrence. There were no deaths 
related to surgical complications.

Table II summarizes the clinical factors related to treat-
ment outcome. Intrahepatic recurrence was associated with 
diabetes (p = 0.013) and AFP level >500 ng/mL (p = 0.019). 
Serosal invasion (p = 0.071) and BCLC stage B (p = 0.082) also 

TAbLE II - Clinical factors related to treatment failure

Variables Intrahepatic  
recurrence  

(n = 17)

Overall  
relapse  
(n = 20)

No. P value No. P value

T stage 0.172 0.044
 T1 11/44 12/44
 T2 6/14 8/14

Tumor size (cm) 0.322 0.218
 ≤5 13/48 15/48
 >5 4/10 5/10

BCLC stage 0.082 0.115
 A 15/56 18/56
 B 2/2 2/2

Milan criteria 0.27 0.487
 Inclusion 12/47 15/47
 Exclusion 5/11 5/11

Liver cirrhosis 0.144 0.158
 Yes 4/23 5/23
 No 13/35 15/35

Serosal invasion 0.071 0.114
 Yes 1/4 3/4
 No 14/54 17/54

Microvascular invasion 0.216 0.11
 Yes 4/8 5/8
 No 13/50 15/50

Resection margin involvement 0.66 1
 Yes 1/6 2/6
 No 16/52 18/52

Histological grade 0.542 0.414
 G1-2 10/33 13/33
 G3 7/25 7/25

Alpha fetoprotein (ng/mL) 0.019 0.005
 ≤500 12/51 14/51
 >500 5/7 6/7

Diabetes mellitus 0.013 0.044
 Yes 8/14 8/14
 No 9/44 12/44

Obesity 0.317 0.267
 Yes 6/25 7/25
 No 11/33 13/33

BCLC = Barcelona Clinic Liver Cancer.

showed a trend towards higher intrahepatic recurrence rates. 
Overall relapse was related to T stage (p = 0.044), AFP level 
>500 ng/mL (p = 0.005), and diabetes (p = 0.044). However,  
obesity was not associated with intrahepatic recurrence  
(p = 0.317) or overall relapse (p = 0.267).
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Diabetes (n = 9) was also significantly correlated with in-
trahepatic recurrence in the subgroup analysis of patients 
with hepatitis B-related HCC (n = 44, p = 0.019 by Fisher’s 
exact test). Overall relapse tended to be affected by diabetes 
in patients with hepatitis B-related HCC (p = 0.068).

Local control, disease-free survival, and overall survival

Figure 1 shows the LC, DFS, and OS rates. The actuarial 
1-year, 2-year, and 3-year LC rates were 90.4%, 67.1%, and 
56.7%, respectively. The actuarial 1-year, 2-year, and 3-year 
DFS rates were 87.1%, 66.8% and 50.5%, respectively. The 
1-year, 2-year, and 3-year OS rates were estimated as 100%, 
97.1%, and 84.3%, respectively. Intrahepatic recurrence sig-
nificantly reduced OS (p = 0.008).

Prognostic factors

Table III summarizes the analysis of prognostic factors for 
LC. BCLC staging (A vs. B, p<0.001), Milan criteria for transplan-
tation (p = 0.041), serosal invasion (p = 0.032), and microvas-
cular invasion (p = 0.043) were prognostic factors predictive 
of a poor outcome. Diabetes also significantly reduced the LC 
rate (p = 0.046; Fig. 2). However, the prognostic significance 
of diabetes in LC did not extend to DFS (p = 0.160) or OS (p = 
0.264). Prognostic factors for DFS were AFP level >500 ng/mL 
(p = 0.039), microvascular invasion (p = 0.027), BCLC staging 
(p = 0.040), and T stage (T1 vs. T2, p = 0.035). In the subgroup 
analysis for patients with hepatitis B-related HCC (n = 44), we 
found that diabetes (n = 9) also significantly reduced LC (p = 
0.028; Fig. 3). There were no independent prognostic factors 
for LC in this study (Tab. III). The relative risk of diabetes for 
local relapse was 1.60 (95% CI = 0.56-4.60). BCLC staging was 
an independent prognostic factor for DFS (p = 0.040, Tab. III).

Statistically significant changes of LC as reflected by T stag-
ing could not be observed in further evaluation. In the sub-
group analysis for patients with stage T1 disease (n = 44), we 

could not find any significant prognostic effect of diabetes on 
LC (p = 0.134). There was also no significant effect of diabetes 
on LC (p = 0.265) in patients with stage T2 disease (n = 14).

Subgroup analysis in patients with diabetes:  
anticancer effect of metformin

Among the 14 patients who had diabetes, 5 patients used 
metformin for the treatment of diabetes. The use of met-
formin had no significant effect on intrahepatic recurrence  
(p = 0.580) or overall relapse (p = 0.357).

Discussion

The results of this study suggested that diabetes may in-
crease the risk of intrahepatic relapse in early-stage postoper-
ative HCC patients, and that diabetes may have a prognostic 
impact on HCC in areas endemic for hepatitis B. Active sur-
veillance of HCC patients with diabetes and early detection 
of local relapse may improve LC by adequate timely manage-
ment of these patients.

There are several possible mechanisms for the negative 
impact of diabetes on HCC progression. Diabetes-related vas-
cular damage in the liver and release of vascular endothelial 
growth factor (22) may contribute to increased intrahepatic 
relapse. Increased insulin-like growth factor І or II levels (22), 
which are related to insulin insufficiency, may affect progno-
sis by stimulating cancer cell growth. Immune dysfunction 
caused by hyperglycemia can also increase the risk of HCC 
proliferation (23).

Diabetes is correlated with HCC incidence and recurrence. 
Davila et al (24) showed that the incidence of HCC was more 
than double (HR = 2.87) in patients with diabetes compared 
with nondiabetic individuals in a large cohort study conducted 
in the US. According to a study by Koh et al (25), Singapore 
Chinese with diabetes had an increased incidence of HCC  
(HR = 2.14) compared with nondiabetics. Additionally, Lai et al 
(26) reported that the incidence of HCC was twice as high in 
patients with diabetes (HR = 1.73) compared with nondiabet-
ics in Taiwan. Our data are consistent with those presented in 
these studies. Diabetes was predictive of worse outcomes in 
patients with HCC after surgical resection in our study.

Good blood glucose control may reduce the rate of HCC 
progression. Not only diabetes mellitus but also impaired 
glucose tolerance, which is a prediabetic status of hyper-
glycemia, can affect the local recurrence of HCC. Lifestyle 
modifications (changing diet, exercise, and weight loss) for 
patients with insulin resistance (7) may be effective in reduc-
ing the risk of HCC progression. Further evaluation of glucose 
levels and the related serological markers could clarify the 
relationship between glucose metabolism and HCC.

Recently, metformin, an antidiabetic drug regulating cel-
lular metabolism, has been widely used for cancer treatment 
(27). Although this study did not show any anticancer effect 
of metformin, most likely because of its small sample size, 
further comparative studies of cancer patients treated with 
or without metformin are warranted.

The role of obesity in HCC recurrence is still controversial 
(28). Park et al (29) argued that BMI >25 kg/m2 was not asso-
ciated with increased mortality in Korean HCC patients, unlike 

Fig. 1 - Local control (intrahepatic control) (LC), progression-free 
survival (PFS), and overall survival (OS).
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TAbLE III - Clinical factors affecting local control (intrahepatic control) and disease-free survival

Variables Local control (intrahepatic control) Disease-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

3-year, % P value HR (95% CI) P value 3-year, % P value HR (95% CI) P value

T stage 0.177 0.035 0.80  
(0.10-6.35)

0.836

  T1 58.4 56.9
 T2 51.6 35.1

Tumor size (cm) 0.352 0.25
 ≤5 57 53.2
 >5 46.7 31.1

BCLC stage <0.001 0.13  
(0.01-1.43)

0.096 0.002 0.07  
(0.01-0.88)

0.040

 A 59.3 52.9
 B 0 0

Milan criteria 0.041 2.43  
(0.76-7.74)

0.134 0.138

 Inclusion 59.2 51.9
 Exclusion 34.1 34.6

Liver cirrhosis 0.101 0.144
 Yes 74.7 69.9
 No 47.7 41.3

Serosal invasion 0.032 1.44  
(0.22-9.67)

0.705 0.077

 Yes 25 25
 No 58.9 52.2

Microvascular invasion 0.043 2.64  
(0.73-9.56)

0.138 0.027 3.50  
(0.37-33.06)

0.274

 Yes 35.7 17.9
 No 60.3 56.5

Resection margin involvement 0.292 0.616
 Yes 80 66.7
 No 53.4 47.8

Histological grade 0.771 0.665
 G1-2 57.9 48.4
 G3 56.7 56.7

Alpha fetoprotein (ng/mL) 0.071 0.039 2.20  
(0.78-6.20)

0.138

 ≤500 67.3 62.9
 >500 21.4 14.3

Diabetes 0.046 1.60  
(0.56-4.60)

0.381 0.16

 Yes 30.5 30.5
 No 70.4 60.9

Obesity 0.534 0.492
 Yes 47.5 44.6
 No 60.2 51.5

BCLC = Barcelona Clinic Liver Cancer; CI = confidence interval; HR = hazard ratio.
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a previous study by Calle et al on cancer patients in the US 
(30), which showed that obesity (BMI >40 kg/m2) was associ-
ated with increased cancer death rates for HCC. Our study 
results also failed to identify obesity (BMI >25 kg/m2) as a risk 
factor for recurrence in resected HCC. However, obesity is 
one of the risk factors for type 2 diabetes. In addition, nutri-
tion status is related to an increased risk of diabetes and HCC 
(31). Therefore, more studies should be performed on this 
topic in the near future.

This study has some limitations. First of all, it was retro-
spective, and because of the retrospective study design, se-
lection bias may have influenced the outcome. Furthermore, 
the follow-up period was relatively short and the sample size 
relatively small. This study is on the hypothesis-generating 
level and the results should be interpreted with caution. A 
multicenter trial would be helpful, allowing the inclusion of 

a sufficient number of patients. Nevertheless, we did identify 
prognostic significance of diabetes in HCC.

In conclusion, diabetes mellitus is related to intrahepatic 
recurrence of HCC after curative resection. Diabetes is also 
related to intrahepatic recurrence of hepatitis B-related HCC. 
Therefore, HCC patients with diabetes mellitus should be 
monitored more carefully. Further large-scale, prospective 
studies are needed to provide more information about the 
association of diabetes with HCC.
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