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Summary

Purpose: To investigate the effect of blood sugar level on the
recurrence of hepatocellular carcinoma (HCC) after laparo-
scopic surgery.

Methods: The data of 177 patients with primary HCC who
underwent laparoscopic radical liver resection were retro-
spectively analyzed. Patients were divided into the hyper-
glycemia group (n=56) and the control group (n=121) ac-
cording to whether postoperative fasting blood sugar (FBS)
was =0.1 mmol/L. Postoperative hospitalization and blood
glucose level during follow-up were observed and recurrence
and relative risk factors of HCC of patients from the two
groups were analyzed. The recurrence rate of HCC after one
and two years were compared between the two groups, and
the influencing factors of recurrence after laparoscopic sur-
gery were analyzed by single-factor analysis.

Results: The recurrence rate one year after surgery in pa-
tients with hyperglycemia and the control group were 30.4
and 16.5% respectively, and the recurrence rate two years af-

Introduction

Primary HCC is one of the most common ma-
lignant tumors in the human digestive system,
with a high mortality rate. In China, about 460,000
new cases and 420,000 deaths of HCC are regis-
tered each year [1]. The main clinical manifesta-
tions of these patients are persistent stabbing and
dull pain in the liver, weight loss, fatigue, bloat-
ing, loss of appetite, anemia, abdominal distension
and jaundice, while paraneoplastic syndromes are
completing the clinical picture [2]. The recurrence
of HCC seriously affects the patient prognosis. Re-

ter surgery were 64.3 and 37.2%, respectively. The recurrence
rate one and two years after surgery in HCC patients from
the hyperglycemia group were significantly higher than
those of the control group (p<0.05). Multivariate analysis
showed that FBS, Child-Pugh grade B, low differentiated
carcinoma and high postoperative AFP were risk factors for
recurrence of HCC after laparoscopic surgery, which affected
significantly the disease-free survival (DFS) of postoperative
HCC (p<0.05).

Conclusion: The recurrence rate of patients with elevated
FBS after laparoscopic surgery of HCC was high during the
2 postoperative years, and FBS was high, while the Child-
Pugh grade B, low grade of tumor differentiation, and post-
operative AFP were risk factors affecting the recurrence rate.
Monitoring high-risk patients should be strengthened to re-
duce the recurrence rate.

Key words: fasting blood glucose, hepatocellular carcino-
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currence after radical resection of HCC, especially
early recurrence (< 2 years), is a difficult problem
affecting the postoperative prognosis of patients
[3]. The recurrence rate after radical resection or
local ablation of HCC is high, reaching about 80%
within 5 years [4-6]. Studying the factors associat-
ed with the recurrence of HCC may prevent the re-
currence and increase the patient survival. Among
them, the number and size of HCC lesions were
associated with recurrence of HCC [7,8]. Hepatitis
C virus (HCV) and hepatitis B virus (HBV) were
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also important factors for recurrence of HCC. It has
been reported that the antiviral therapies of HCV
and HBV can reduce the recurrence and prolong
the survival time of HCC [9-11].

Some studies have pointed out that there was
a certain correlation between HCC related hyper-
glycemia and NCAO5 gene defects, and hypergly-
cemia caused by perturbed glucose metabolism
could promote the progression of HCC [12]. Dia-
betes was also reported as a risk factor for liver
cancer, pancreatic cancer, renal cancer and colon
cancer [13,14]. Studies discussing the impact of
diabetes on the recurrence of HCC were rather con-
troversial [15-18]. Therefore, in the present study
FBS level and its impact on the recurrence of HCC
after laparoscopic surgery were investigated.

Methods

Patients

The clinical data of 177 patients with primary HCC
admitted to Yantaishan Hospital from January 2010 to
January 2015 were retrospectively analyzed. Among
them, 137 were males and 40 females, aged 18 to 89
years (mean 53.8 + 8.2). Exclusion criteria: (1) patients
with endocrine disorders that might affect blood glu-
cose (except for diabetes); (2) intraoperative rupture of
the tumor or extrahepatic invasion; (3) mixed type of
primary HCC or tumors with no definite staging con-

Table 1. Patient characteristics

firmed by postoperative pathological examination; (4)
patients with perioperative death, early recurrence and
lost to follow-up (2 months and 24 months); (5) incom-
plete follow-up data.

Methods

Liver function tests, FBS, AFP, abdominal ultra-
sound or CT, MRI, and chest X-ray. were repeated once
a month in the 6 postoperative months, and then once
every three months. The first postoperative recurrence
was the study endpoint. The follow-up time was up to
June 1, 2017. Postoperative patients were followed-up at
the outpatient department every month after liver sur-
gery. The diagnosis of HCC recurrence was based on the
dynamic enhancement imaging such as enhanced CT,
MRI and/or PET/CT and hepatic arteriography. Space-
occupying lesions detected by ultrasound or elevated
AFP levels were not considered as recurrence criteria.

Observation indicators

FBS, recurrence rate of HCC 1 and 2 years after
surgery, age, gender, history of alcohol consumption,
combination with cirrhosis, preoperative AFP, Child-
Pugh score, surgical approaches, intraoperative blood
transfusion and tumor pathology, were observed during
the follow-up period.

Statistics

SPSS 19.0 software (IBM, Armonk, NY, USA) was
used for statistical analyses. All quantitative data were
expressed as mean +standard deviation. Comparison

Hyperglycemia group (n=506) Control group (n=121) p value
n (%) n (%)

Age, years 0.568
<065 39 (69.0) 79 (65.3)
>65 17 (30.4) 42 (34.7)

Gender 0.270
Male 42 (75) 95 (78.5)
Female 14 (25) 26 (21.5)

History of alcohol consumption 0.631
Yes 10 (17.9) 18 (14.9)
No 46 (82.1) 103 (85.1)

Underlying liver diseases 0.092
Yes 50 (89.3) 116 (95.9)
No 6 (104) 5(4.1)

Combination with cirrhosis 0.170
Yes 44 (78.6) 83 (68.0)
No 12 (214) 38 (31.4)

Child-Pugh classification 0.312
Grade A 43 (76.8) 84 (69.4)
Grade B 13 (23.2) 37 (30.0)

Postoperative AFP, ng/ml 0.080
<8 36 (64.3) 93 (76.9)
>8 20 (35.7) 28 (23.1)
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between groups was done using one-way ANOVA test
followed by post hoc test (least significant difference).
Percentages (%) were used to express the enumeration
data and chi-square test was used for data analysis.
p values <0.05 were considered statistically significant.

Results

General data

A total of 177 patients with primary HCC were
studied. There was no significant difference in gen-
der, age, underlying diseases and Child-Pugh clas-
sification between the two groups (p>0.05). Results
are shown in Table 1.

Recurrence of HCC

The overall recurrence rate of HCC at one
and two postoperative years was 20.9% (37/177)
and 45.8% (81/177), respectively, compared with
the control groups which were 16.5% (20/121)
and 37.2% (45/121), and 30.4% (17/56) and 64.3%
(36/50) in the hyperglycemia group, respectively
(p=0.001 and p<0.05, respectively). The results are
shown in Table 2. Patients with FBS > 8.0 mmol/L
had a shorter tumor recurrence time than those
with FBS control 6.1-8.0 mmol/L (p=0.016). The
results are shown in Figure 1.

gender, history of alcohol consumption, underly-
ing liver diseases, and combination with cirrhosis
(p>0.05; Table 3). FBS, Child-Pugh score, tumor
pathology and postoperative AFP were closely re-
lated to the recurrence of HCC after laparoscopy
(p<0.05). The results are displayed in Tables 4 and 5.
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Figure 1. Comparison of blood glucose level and tumor
recurrence time. The higher the blood glucose level, the
earlier the tumor recurrence.

Table 2. Recurrence of HCC one and two years after
surgery

First Second
Factors influencing of HCC recurrence posr‘;zzrya“ve pom;zzrftwe
Two years after the operation, 81 (45.8%) pa- n (%) n (%)
tients recurred and 96 (54.2%) did not. There was Hyperglycemia group 17 (30.4) 36 (64.3)
no significant correlation between HCC recurrence  Control group 20 (16.5) 45 (37.2)
and general patient characteristics such as age, pvalue 0.035 0.001
Table 3. HCC recurrence and general data
Recurrence group (n=81) Control group (n=906) p value
n (%) n (%)
Age, years 0.522
<65 52 (64.2) 66 (68.8)
>65 29 (35.8) 30 (31.2)
Gender 0.802
Male 62 (76.5) 75 (78.1)
Female 19 (23.5) 21 (21.9)
History of alcohol consumption 0.737
Yes 12 (14.8) 16 (16.7)
No 69 (85.2) 80 (83.3)
Underlying liver diseases 0.583
Yes 76 (93.8) 88 (91.7)
No 5(6.2) 8 (8.3)
Combination with cirrhosis 0.631
Yes 60 (74.1) 68 (70.8)
No 21 (25.9) 28 (29.2)
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Univariate analysis of the effect on DFS rate

Univariate analysis showed that fasting blood
glucose, Child-Pugh score, poorly differentiated
tumor and postoperative AFP were risk factors
for DFS after radical resection of HCC (p<0.05;
Figure 2).

Discussion

Diabetes has been widely accepted as a risk
factor for the occurrence and prognosis of HCC,
with a large number of high-quality studies con-
firming this point. A meta-analysis by Chen et al.
[19] with 21 studies reported the same conclusion.
This meta-analysis suggested that the overall
relative risk of developing HCC in patients with
diabetes mellitus and chronic liver disease was
1.86, 1.90, 1.69 and 1.93, respectively. Most of the
current researches focused on the relationship be-
tween the diabetes mellitus and progression and

Table 4. HCC recurrence and surgery-related factors

prognosis of HCC. However, the specific mecha-
nisms of diabetes mellitus in promoting HCC is
still unclear [5,20]. Among them, mechanisms
about gradual development of non-alcoholic fatty
liver, nonalcoholic steatohepatitis and cryptogenic
cirrhosis were widely studied [20]. However, there
is little research on the recurrence of HCC after
hyperglycemia. Now there are studies discussing
the influence of diabetes on the recurrence of HCC,
but controversy still exists [15-18]. In this study
we aimed to investigate the relationship between
recurrence of HCC and the level of blood glucose
after laparoscopic surgery.

The results of this study showed that when the
long-term FBS was = 6.1 mmol / L, early postop-
erative recurrence of HCC was high and the DFS
was shortened with statistically significant differ-
ences. Previous clinical studies have shown that
there was no correlation between postoperative
hyperglycemia and recurrence of HCC [21]. How-
ever, there are also studies reporting that there

Recurrence group (n=81) Control group (n=906) p value
n (%) n (%)

Child-Pugh classification 0.025
A 70 (86.4) 92 (95.8)
B 11 (13.0) 4 (4.2)

Surgical approach 0.303
Lobectomy of liver 12 (14.8) 18 (18.8)
Partial hepatectomy 69 (85.2) 78 (81.2)

Intraoperative blood transfusion, ml 0.607
<200 58 (71.6) 80 (83.3)
>200 23 (28.4) 16 (16.7)

Pathological findings 0.041
High and moderate differentiation 53 (65.4) 76 (79.2)
Poor differentiation 28 (34.6) 20 (20.8)

Table 5. Recurrence of HCC and laboratory indicators
Recurrence group (n=81)  Non-recurrence group (n=96)  p value
n (%) n (%)

Preoperative AFP, ng/ml 0.299
<400 66 (81.5) 72 (75)
>400 15 (18.5) 24 (25)

Fasting blood sugar, mmol/L 0.001
<6.1 45 (55.6) 76 (79.2)
20.1 36 (44.4) 20 (20.8)

Postoperative AFP, ng/ml 0.016
<8 52 (64.2) 77 (80.2)
>8 29 (35.8) 19 (19.8)
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Figure 2. Influencing factors and disease-free survival at 24 months after radical resection of HCC. A: Disease-free
survival at 24 months after radical resection of HCC in patients from the control group and hyperglycemia group.
B: Disease-free survival of patients whose postoperative AFP level was >8.1 ng/ml and <8.1 ng/ml C: Disease-free sur-
vival of patients with Child-Pugh score A and B. D: Disease-free survival of high & medium (H&M) differentiated and

poorly differentiated HCC.

was no significant difference in the recurrence rate
of HCC between non-diabetic and diabetic patients
with well-controlled long-term blood glucose af-
ter RFA treatment. It has been suggested that if
blood glucose level was adequately controlled,
diabetes itself was not an important risk factor.
In contrast, hyperglycemia was an important risk
factor for HCC recurrence according to the results
in this study. It was also found in this study that
hyperglycemia was the influencing factor of tumor
recurrence time in the hyperglycemia group with
statistically significant difference. Therefore, FBS
level was an independent risk factor for early re-
currence of HCC.

In addition to high blood sugar level, this
study also found that AFP > 8.1 ng/ml at postop-
erative 2 months, Child-Pugh classification and tu-
mor pathology were independent risk factors for
tumor recurrence in HCC patients. Based on these
four independent risk factors, we analyzed the im-
pact on postoperative DFS rate of HCC. Hypergly-
cemia, AFP> 8.1 ng/ml at 2 postoperative months,
Child-Pugh classification and tumor pathology
were also independent risk factors influencing the
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postoperative DFS rate of HCC, thus affecting the
prognosis of HCC.

It has been found that long-term hyperglyce-
mia promoted the occurrence of HCC. Long-term
hyperglycemia would result to capillary base-
ment membrane thickening, decreased permeabil-
ity, mitochondrial respiratory enzymes damage,
enhanced anaerobic glycolysis and subsequently
lead normal cells to carcinogenesis. Also, hyper-
glycemia, as a nutrient medium, further promoted
the growth of hepatoma cells, while increased the
saturation of glucose transporter of hepatoma cells
and accelerated cell energy [22,23]. It was found
that hyperglycemia could activate the polyol path-
way to form advanced glycation end products in
rats [24]. Additionally, Iwasaki et al. confirmed
that high glucose alone, as well as in combination
with proinflammatory cytokines, could stimulate
the nuclear factor Kappa-B-mediated transcription
in hepatocytes in vitro [25]. The abovementioned
suggested that there may be some correlation be-
tween hyperglycemia and recurrence of HCC.

In summary, the 2-year postoperative recur-
rence rate of HCC patients with hyperglycemia
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that underwent laparoscopic surgery was high, and
high level of FBS, Child-Pugh grade B, low grade of
tumor differentiation and high level of postopera-
tive AFP were risk factors of postoperative recur-
rence which affected the postoperative DFS rate.
Therefore, controlling the blood glucose level with-
in normal range is conducive to reducing the recur-
rence of HCC patients after laparoscopic surgery.

Some of the limitations of this study are note-
worthy. For example, this was a retrospective study,
and the sample size was rather small. Prospective
large-sample studies are needed to further clarify
the relationship between postoperative recurrence

of HCC and blood glucose level.

References

1. Huiqi G, Jing Z, Peng F, Yong L, Baozhong S. In vivo
study of the effect of combining endostatin gene ther-
apy with 32P-colloid on hepatocarcinoma and its func-
tioning mechanism. JBUON 2015;20:1042-7.

2. Wu ZF, Zhou XH, Hu YW et al. TLR4-dependent im-
mune response, but not hepatitis B virus reactivation,
is important in radiation-induced liver disease of liver
cancer radiotherapy. Cancer Immunol Immunother
2014;63:235-45.

3. Zhai YP, Wang Y. Effect of the combination treatment
of high-intensity focused ultrasound and cryocare
knife in advanced liver cancer. JBUON 2017;22:495-
9.

4. Tateishi R, Shiina S, Teratani T et al. Percutaneous ra-
diofrequency ablation for hepatocellular carcinoma.
An analysis of 1000 cases. Cancer 2005;103:1201-9.

5. Izumi N, Asahina Y, Noguchi O et al. Risk factors for
distant recurrence of hepatocellular carcinoma in the
liver after complete coagulation by microwave or radi-
ofrequency ablation. Cancer 2001;91:949-56.

6. Curley SA, Izzo F, Ellis LM, Nicolas V], Vallone P. Ra-
diofrequency ablation of hepatocellular cancer in 110
patients with cirrhosis. Ann Surg 2000;232:381-91.

7. Tung-Ping PR, Fan ST, Wong ]. Risk factors, preven-
tion, and management of postoperative recurrence
after resection of hepatocellular carcinoma. Ann Surg
2000;232:10-24.

8. Kudo M, Chung H, Haji S et al. Validation of a new
prognostic staging system for hepatocellular carci-
noma: The JIS score compared with the CLIP score.
Hepatology 2004;40:1396-1405.

9. Chai Y, Xiaoyu L, Haiyan W. Correlation between ex-
pression levels of PTEN and p53 genes and the clini-
cal features of HBsAg-positive liver cancer. JBUON
2017;22:942-6.

Miyake Y, Takaki A, Iwasaki Y, Yamamoto K. Meta-
analysis: Interferon-alpha prevents the recurrence
after curative treatment of hepatitis C virus-related

10.

Conclusions

The recurrence rate of patients with elevated
blood glucose after laparoscopic surgery of HCC
was high within the 2 postoperative years, and
high FBS, Child-Pugh grade B, low grade of tumor
differentiation, and high postoperative AFP were
the risk factors affecting the recurrence rate. Moni-
toring high-risk patients should be strengthened
to reduce the recurrence rate.

Conflict of interests

The authors declare no conflict of interests.

hepatocellular carcinoma. ] Viral Hepat 2010;17:287-
92.

11. Wong JS, Wong GL, Tsoi KK et al. Meta-analysis: The
efficacy of anti-viral therapy in prevention of recur-
rence after curative treatment of chronic hepatitis B-
related hepatocellular carcinoma. Aliment Pharmacol
Ther 2011;33:1104-12.

12. Zhou JH, Rosen D, Andreou A et al. Residual tumor
thickness at the tumor-normal tissue interface pre-
dicts the recurrence-free survival in patients with
liver metastasis of breast cancer. Ann Diagn Pathol
2014;18:266-70.

13. Inoue M, Iwasaki M, Otani T, Sasazuki S, Noda M,
Tsugane S. Diabetes mellitus and the risk of cancer:
Results from a large-scale population-based cohort
study in Japan. Arch Intern Med 2006;166:1871-7.

14. Hu FB, Manson JE, Liu S et al. Prospective study of
adult onset diabetes mellitus (type 2) and risk of colo-
rectal cancer in women. J Natl Cancer Inst 1999;91:
542-7.

15. Toyoda H, Kumada T, Nakano S et al. Impact of diabe-
tes mellitus on the prognosis of patients with hepato-
cellular carcinoma. Cancer 2001;91:957-63.

16. Huo TI, Wu JC, Lui WY et al. Differential mechanism
and prognostic impact of diabetes mellitus on pa-
tients with hepatocellular carcinoma undergoing sur-
gical and nonsurgical treatment. Am ] Gastroenterol
2004;99:1479-87.

17. Komura T, Mizukoshi E, Kita Y et al. Impact of dia-
betes on recurrence of hepatocellular carcinoma after
surgical treatment in patients with viral hepatitis. Am
J Gastroenterol 2007;102:1939-46.

18. Chen WT, Macatula TC, Lin CC, Lin CJ, Lin SM. Dia-
betes may not affect outcomes in hepatocellular carci-
noma after radio-frequency ablation. Hepatogastroen-
terology 2011;58:551-7.

19. Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2
diabetes mellitus on the risk for hepatocellular car-

JBUON 2018; 23(3): 627



628

Effects of blood sugar on the recurrence of hepatocellular carcinoma after laparoscopy

20.

21.

22.

23.

cinoma in chronic liver diseases: A meta-analysis of
cohort studies. Eur J Cancer Prev 2015;24:89-99.
Bugianesi E, Vanni E, Marchesini G. NASH and the
risk of cirrhosis and hepatocellular carcinoma in type
2 diabetes. Curr Diab Rep 2007;7:175-80.

Wang YY, Huang S, Zhong JH et al. Impact of diabetes
mellitus on the prognosis of patients with hepatocel-
lular carcinoma after curative hepatectomy. PLoS One
2014;9:e113858.

Beyoglu D, Idle JR. The metabolomic window into
hepatobiliary disease. ] Hepatol 2013;59:842-58.

Shi DY, Xie FZ, Zhai C, Stern JS, Liu Y, Liu SL. The
role of cellular oxidative stress in regulating glycoly-

JBUON 2018; 23(3): 628

24.

25.

sis energy metabolism in hepatoma cells. Mol Cancer
2009;8:32.

Abdel-Hamid NM, Nazmy MH, Abdel-Bakey Al. Polyol
profile as an early diagnostic and prognostic marker
in natural product chemoprevention of hepatocellu-
lar carcinoma in diabetic rats. Diabetes Res Clin Pract
2011;92:228-37.

Iwasaki Y, Kambayashi M, Asai M, Yoshida M, Ni-
gawara T, Hashimoto K. High glucose alone, as well
as in combination with proinflammatory cytokines,
stimulates nuclear factor kappa-B-mediated transcrip-
tion in hepatocytes in vitro. ] Diabetes Complications
2007;21:56-62.



