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ABSTRACT 

We examined the relationship between hyaluronic acid (HA) and tumor-related factors after hepatectomy in 158 pa-
tients with hepatocellular carcinoma (HCC) who underwent hepatectomy. We examined serum HA levels before 
hepatectomy by evaluating data for clinicopathological parameters, surgical records, postoperative complications and 
survival. The mean HA level was 190 ± 202 ng/ml. Patients were divided into 3 groups: group A had serum HA levels 
less than 50 ng/ml (normal range), group B had levels between 50 and 190 ng/ml, and group C had levels over 190 
ng/ml. Group C had a higher rate of poor liver function compared to others. Multiple tumors were significantly more 
frequent in groups B and C compared to A. The grade of fibrosis and the inflammatory responses were positively corre-
lated with the serum HA level. Postoperative long-term ascites was significantly more frequent in group C compared to 
others. Although the recurrence rate and the relapse-free period were not significantly related to the serum HA level, the 
serum HA level was significantly associated with overall survival after hepatectomy (p < 0.05). Cox’s multivariate 
analysis did not show a significant relationship between HA level and survival. Serum HA reflects progression and sur-
vival in HCC patients. 
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1. Introduction 

Hepatic resection is still the most curative treatment for 
hepatocellular carcinoma (HCC) [1]. However, tumor 
recurrence is frequent, and some patients have a poor 
prognosis [2]. Some factors associated with patient sur-
vival have been identified [3-5]. Markers of poor hepatic 
function and tumor-related factors are significantly asso-
ciated with tumor recurrence and lower survival [6-8]. 
Our previous study showed that an advanced grade of 
hepatic fibrosis, hepatitis, postoperative long-term ascites 
or postoperative levels of alpha-feto protein (a marker of 
chronic hepatitis) were significantly associated with 
shorter survival due to carcinoma after hepatectomy [9- 
11]. Deteriorated liver function and co-existing hepatitis 
would influence tumor progression and subsequent car-
cinogenesis. Therefore, reliable functional parameters 
identifying deteriorated liver function or postoperative 
hepatic complications would be useful to predict postop- 

erative survival in HCC patients.  

The serum hyaluronic acid (HA) level is a well-known 
marker of hepatic fibrosis and hepatic sinusoidal endo-
thelial function [12,13]. Our previous study also showed 
that HA was significantly associated with poor hepatic 
function and postoperative complications such as long- 
term ascites and hepatic fibrosis [14,15]. HA might be 
the most important factor related to poor hepatic func-
tional reserve [16]. Therefore, we hypothesized that the 
serum HA level, which is a marker of reliable hepatic 
function, could be applied to predict patient survival in 
HCC patients. To our knowledge, the relationship be-
tween the serum HA level and postoperative prognosis in 
HCC patients has not been examined. Identification of 
the relationship between non-tumor related factors and 
survival is useful to predict patient prognosis. We retro-
spectively examined the relationship between the serum 
HA level and clinicopathological factors, postoperative 
course, tumor recurrence and patient survival in 156 pa-
tients with HCC who underwent hepatectomy.  *Corresponding author. 
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2. Methods 

2.1. Patients  

This study examined 156 patients with HCC who were 
scheduled for surgery and admitted to the Division of 
Surgical Oncology at Nagasaki University Graduate 
School of Biomedical Sciences (NUGSBS) between 
1996 and 2010. Patients with distant metastasis were 
excluded from the present study. The patients included 
121 males and 35 females with a mean age at the time of 
surgery of 66.6 ± 10.0 years (±SD, range 28 - 84 years). 
Twenty-three patients had normal livers, and several pa-
tients had background liver disease, including alcoholic 
liver dysfunction in 9 patients, non-alcoholic liver dys-
function in 4 patients, and chronic viral hepatitis in 120 
patients (including hepatitis B in 47 patients, hepatitis C 
in 55 patients and co-existing hepatitis B and C in 18 
patients). Liver cirrhosis was observed in 56 patients 
(37%). The operative procedures included hemihepatec-
tomy or more extensive hepatectomy in 49 patients, 
segmentectomy or sectionectomy in 55 patients and par-
tial resection in 52 patients. Radical hepatectomy was 
performed, and hepatic tumors were completely resected 
without macroscopic exposure of the amputated section 
to the remaining liver.  

After primary treatment, serum levels of AFP and 
PIVKA-II were measured every 3 months, and enhanced 
computed tomography of the liver was obtained every 6 
months for at least the first 5 years after hepatectomy in 
order to monitor the tumor recurrence. The minimum 
follow-up period after the hepatic resection of HCC was 
12 months (range 12 - 78 months). Fifty-two of the 156 
(33%) patients who survived were lost to follow-up, 99 
patients died of cancer, and 5 patients died of unrelated 
diseases. Because these deaths were not cancer-related, 
data from these 5 patients were excluded. 

All study protocols were approved by the Human Eth-
ics Review Board of our institution. Informed consent for 
data collection was obtained from each patient during 
this period. Anesthesia data and patient data were re-
trieved from the NUGSBS database. 

2.2. Measurement of Tumor Markers and  
Histological Findings  

Clinicopathological patient data was retrieved from the 
archives at our institute. The PIVKA-II level was exam-
ined by an enzyme-linked immunoassay using Eitest® 
PIVKA-II (Sanko Junyaku Co., Tokyo, Japan). In our 
hospital, the normal value of AFP in patients with HCC 
is less than 20 ng/mL. The reported normal value of 
PIVKA-II is <40 mAU/ml. Elevated levels of AFP and 
PIVKA-II were defined as those exceeding the normal 
levels. The tumor-related factors were compared to the 
findings from the histopathological examination of the 

resected specimen. For assessment, we used the rules laid 
out by the Liver Cancer Study Group of Japan for the 
classification of primary liver cancer [17]. 

2.3. Measurement of Serum HA  

Peripheral blood samples were collected from each pa-
tient in the early morning before surgery, when the pa-
tient was in stable condition. The blood sample was cen-
trifuged at 3000 rpm for 15 minutes, and serum was 
stored at −80˚C. HA was assayed using the sandwich 
binding protein assay by SRL, Inc. (Tokyo, Japan). The 
normal value for the serum HA level reported by SRL, 
Inc. is less than 50 ng/ml. The staging of the tumor, the 
grading score for hepatic fibrosis and the histologic ac-
tivity index (HAI) score as defined by Knodell et al. [18] 
were used for the histopathological evaluation. 

2.4. Statistical Analysis  

Differences in categorical data between groups and dif-
ferences in prevalence were assessed by the chi-square 
test, Fischer’s exact test or Dunnett’s multiple compari-
son test. Differences in continuous data between groups 
were evaluated by Student’s t-test or the Mann-Whitney 
test. The disease-free interval and overall survival were 
calculated using the Kaplan-Meier method, and differ-
ences between groups were tested for significance using 
the log-rank test. Multivariate analysis was performed 
using Cox’s proportional hazards regression modeling. A 
two-tailed P value of <0.05 was considered significant. 
Statistical analyses were performed using the SAS soft-
ware (Statistical Analysis System Inc., Cary, NC). 

3. Results 

3.1. Perioperative Parameters  

According to the Child-Pugh classification, 143 (92%) 
patients were classified as A, and 13 patients were classi-
fied as B. The mean alpha-feto protein (AFP) level was 
7411 ± 48,724 µg/ml (median 67), and the mean pro-
tein-induced vitamin K antagonist and agonist (PIVKA)- 
II level was 7593 ± 24,764 µg/ml (median 346). The 
pathological tumor node metastasis (TNM) stage of HCC 
according to the Liver Cancer Study Group of Japan was 
stage I in 10 patients (6%), stage II in 60 patients (39%), 
stage III in 50 patients (32%) and stage IVA in 38 pa-
tients (23%). A solitary tumor was found in 110 patients 
(65%), and 46 patients had multiple tumors. The size of 
the tumor was less than 2 cm in 24 patients (15%), 2 - 5 
cm in 72 patients (46%), and greater than 5 cm in 60 pa-
tients (39%). Vascular tumor thrombus was observed in 
58 patients (37%). Transarterial chemoembolization or 
thermal ablation pretreatment was performed in 40 pa-
tients (26%). The mean hyaluronic acid (HA) level was 
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190 ± 202 ng/ml (range 9 - 1356 ng/ml, median 128 
ng/ml). The patients were divided into 3 groups: group A 
had serum HA levels less than 50 ng/ml (normal), group 
B had levels between 50 and 190 ng/ml, and group C had 
levels over 190 ng/ml. 

The stage of histological fibrosis was 0 in 5 patients 
(4%), 1 in 28 patients (21%), 2 in 19 patients (14%), 3 in 
40 patients (30%) and 4 (cirrhosis) in 43 patients (32%). 
The mean blood loss was 1160 ± 678 ml, and blood loss 
over 1500 ml was observed in 28 patients (18%). A 
blood transfusion was performed in 58 patients (37%). 
After hepatectomy, hepatic failure occurred in 8 patients 
(5%), and long-term ascites was observed in 45 patients 
(29%).  

3.2. Relationship between Clinicopathological  
Parameters and Serum HA Level 

In the 158 patients, age and the serum HA level were not 
significantly correlated with gender or the conventional 
tumor markers for HCC (Table 1). Group C showed a 
significantly higher rate of poorer liver function (Child 
classification B or Liver Damage grade B) compared to 
groups A or B. Groups B and C had significantly higher 
rates of viral chronic hepatitis compared to group A. 
Multiple tumors were significantly more frequent in 
groups B and C than in group A, but there were no sig-
nificant differences in tumor size, vascular involvement,  

macroscopic finding or TNM stage among the groups. 
Concerning the non-tumor liver parenchyma, the scores 
for staging, which reflect the grade of fibrosis, and grad-
ing, which reflects the grade of inflammatory response, 
were positively correlated with the serum HA level, and 
these results were significant. More extensive hepatec-
tomy was significantly more frequent in group A com-
pared to groups B or C. Intraoperative blood loss was not 
significantly different between the groups. Postoperative 
long-term ascites, even with the use of diuretics, was 
significantly more frequent in group C than in groups A 
or B. Hepatic failure tended to be more frequent in group 
C than in groups A or B, but this trend was not signifi-
cant. 

3.3. Relationship between Preoperative  
Hyaluronic Acid Levels and Incidence of  
Tumor Recurrence/Post-Treatment Survival  

The 1- and 3-year survival rates were 59% and 36%, re-
spectively, and the median survival period was 40.2 
months. The 3-, 5- and 8-year survival rates were 55%, 
40% and 26%, respectively, and the median survival pe-
riod was 62.7 months. The tumor recurrence rate was not 
significantly related to the level of serum HA, and the 
serum HA level was not significantly associated with 
tumor-free survival after hepatectomy (Table 2 and Fig-
ure 1(a)). However, the serum HA level was signifi-  

 
Table 1. Relationship between hyaluronic acid levels and patient demographics, clinicopathological parameters and post- 
treatment tumor recurrence. 

 Group A1) (n = 25) Group B2) (n = 81) Group C3) (n = 50) P value 

Gender (male/female) 21/4 63/18 37/13 0.31 

Age 62 ± 10 66 ± 9 69 ± 10 n.s 

AFP (ug/mL) 1048 ± 3207 1797 ± 4626 1478 ± 8232 n.s 

PIVKA-II (mAU/ml) 550 ± 1259 747 ± 2852 882 ± 2371 n.s 

Child-Pugh (A/B) 24/1 81/0 38/12 <0.001 

Liver Damage Grade (A/B) 22/3 72/9 27/23 <0.001 

Viral status (None/B/C/B&C) 8/8/7/2 21/29/24/7 5/11/25/9 0.016 

Pre-treatment (No/Yes) 21/4 57/24 38/12 0.32 

Number of tumors (solitary/multiple) 23/2 53/28 26/24 0.009 

Tumor size (<2/2 - 5/≥5 cm) 2/11/12 13/35/33 9/25/16 0.61 

Vascular involvement (No/Yes) 18/7 48/33 30/18 0.53 

Macroscopic finding (S/SC/C) 12/8/5 26/23/32 14/17/19 0.35 

TNM classification (1/2/3/4a) 1/17/4/3 5/27/33/17 4/17/14/15 0.12 

Staging (0/1/2/3) 2/13/3/6/0 3/12/14/20/21 0/3/3/15/22 <0.001 

Grading (0/1/2 or more) 5/15/5 9/35/37 2/7/41 <0.001 

Operative procedure     

Partial/segmentectomy or sectionectomy/ hemihepatec 3/16/6 22/27/32 27/12/11 <0.001 

tomy or more     

Blood loss > 1500 ml 3 (12) 13 (16) 12 (24) 0.29 

Long-term ascites (>2 weeks) 4 (16) 19 (24) 25 (50) 0.011 

Hepatic failure 0 2 (3) 6 (12) 0.069 

Clinicopathological findings and TNM classification were based on the General Rules for the Clinical and Pathological Study of Primary Liver Cancer (17). 
Parenthesis shows percentage. For abbreviations, see Table 1. n.s; not significant with p value > 0.05 by the Scheffe’s multi-comparison test. 
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Table 2. Relationship between pretreatment AFP as well as 
PIVKA-II and post-treatment tumor recurrence. 

 
No recurrence 

(n = 62) 
Recurrence 

(n = 94) 
p Value

Serum HA level (ng/mL) 
 

<50 
 

50 - 90 1
 

>190 

 
 

14 
 

29 
 

19 

 
 

11 
 

52 
 

31 

 
 

0. 9 1
 
 
 
 

AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K antagonist 
or agonist. 

 

 
(a) 

 
(b) 

Figure 1. Post-hepatectomy (A) tumor-free and (B) overall 
survival period for each level of preoperative serum hyalu-
ronic acid (HA) level. Survival rate and median survival 
period were indicated. 
 
cantly associated with overall survival after hepatectomy 
(Figure 1(b)) (p < 0.05). Group A had the best prognosis, 

and group C had the worst survival after hepatectomy in 
comparison with the other groups. 

3.4. Cox’s Multivariate Regression Analysis for  
Disease-Free and Overall Survival Rates and  
Serum HA Levels  

Table 3 shows the significant prognostic factors (identi-
fied by univariate analysis) associated with tumor-free 
and overall survival rates, including changes in the AFP 
and PIVKA-II levels. The number, size and vascular in-
volvement of tumors were independently associated with 
disease-free survival. Increased blood loss tended to be 
associated with poor survival, but this association was 
not significant. The number of tumors, the tumor size and 
poor liver function were independently associated with 
overall survival. Serum HA levels were not significantly 
associated with disease-free and overall survival in our 
series. 

4. Discussion 

Specific HCC markers, such as PIVKA-II or AFP levels, 
are commonly used in Japan for the diagnosis of HCC or 
for the evaluation of tumor aggressiveness [19-23]. It has 
been reported that high values of these preoperative 
markers reflect the prognosis for HCC patients who un-
dergo hepatectomy [24]. Monitoring sensitive markers 
such as these might be useful for predicting tumor recur-
rence after hepatectomy [25,26]. Our previous study 
showed that changes in PIVKA-II or AFP levels were 
significantly correlated with prognosis in HCC patients 
undergoing hepatectomy [11]. In addition to these con-
ventional markers, new biomarkers of HCC have been 
proposed, [27,28] most of which are HCC specific. The 
measurement of tumor-specific biological markers can be 
useful after curative treatments, and it is, therefore, nec-
essary to identify new markers.  

In addition to tumor-specific markers, liver function, 
surgical records or outcomes might be closely related to 
the prognosis of HCC patients after hepatectomy [6-8]. 
We reported that non-tumor related parameters, such as 
hepatic fibrosis and postoperative long-term ascites, were 
associated with poor survival [9,10]. The serum HA level 
might reflect non-parenchymal liver function or the risk 
of ascites [14,15]. Measurement of serum HA level has 
been used as a marker for evaluating liver damage in 
people with various liver diseases and in patients who 
receive physically invasive treatments. Serum HA or its 
protein complex was increased in cancer patients with 
HCC or other malignancies [29,30]. The mechanism for 
the relationship between HA and tumor progression has 
not been clarified. Mizuguchi et al. reported that physio-
logical stress might stimulate the production of liver- 
derived growth factors and induce subsequent tumor  
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Table 3. Multivariate analysis of prognostic factors influencing tumor-free and overall survival using Cox’s proportional 
hazard test. 

Tumor-free survival Overall survival 
Variables 

RR* (95% CI) p value RR (95% CI) p value 

Number of tumors    
 
 

Solitary     

Multiple 3.24 (2.04 - 2.93) <0.001 2.66 (1.63 - 4.34) <0.001 

Size of tumor     

<2 cm     

2 - 5 cm 1.85 (0.91 - 3.79) 0.092 1.07 (0.49 - 2.34) 0.87 

≥5 cm 1.97 (0.93 - 4.15) 0.077 2.75 (1.22 - 6.18) 0.014 

Vascular involvement (No/Yes)     

No     

Yes 1.71 (1.03 - 2.83) 0.037 1.08 (0.62 - 1.87) 0.78 

Liver Damage Grade     

A     

B 1.63 (0.95 - 2.82) 0.14 2.27 (1.24 - 4.16) 0.008 

Blood loss (ml)     

<1000     

≥1000 1.70 (0.98 - 2.58) 0.078 1.09(0.60 - 1.99) 0.78 

Alpha-feto protein (ug/ml)     

<200     

≥200 1.00 (0.63 - 1.61) 0.98 1.09 (0.64 - 1.85) 0.74 

Pretreatment PIVKA-II (ng/ml)     

<40     

≥40 0.86 (0.52 - 1.42) 0.55 1.02 (0.58 - 1.80) 0.94 

Hyaluronic acid level (ng/nl)     

<50 
50 - 190 
≥190 

 
0.91 (0.46 - 1.78) 
0.81 (0.38 - 1.71) 

 
0.78 
0.58 

 
1.35 (0.62 - 2.93) 
1.80 (0.75 - 4.25) 

 
0.44 
0.19 

 
progression [31]. Thus, we hypothesized that increased 
HA levels would be correlated with clinicopathological 
parameters in HCC and with patient prognosis.  

In the present series, the serum HA level was exam-
ined in 156 HCC patients, including those with normal 
liver function, non-viral hepatic dysfunction, viral 
chronic hepatitis and cirrhosis. The patients were divided 
into 3 groups according to their serum HA levels. The cut- 
off values for these groups were based on the normal 
serum HA level (50 ng/ml), as defined by previous data, 
and the median value of the serum HA levels in our se-

ries (190 ng/ml). In our previous study, 150 and 200 
ng/ml were useful cut-off values for poor postoperative 
outcomes. In addition, other studies used 150 or 200 
ng/ml as serum HA level cut-off values for predicting 
postoperative complications [14,32,33]. The value of 190 
ng/ml is an appropriate value to distinguish between mild 
and severe liver damage.  

Other reports have shown that the serum HA level is 
increased because of liver injury, viral chronic hepatitis 
and poor liver function [34,35]. Because they may have 
poor liver function, HCC patients with increased HA 
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level might undergo a less extensive hepatectomy than 
patients with normal or mildly increased HA levels. The 
only tumor biological parameter with which the serum 
HA level was associated in this study was the number of 
tumors. Other specific biomarkers, such as AFP or 
PIVKA-II levels, were closely correlated with the num-
ber, size, vascular involvement or stage of tumors [36]. 
Our results showed only a weak association between the 
serum HA level and tumor progression. The serum HA 
level was not related to tumor recurrence or the re-
lapse-free period. Obayashi et al. reported that HA was 
increased in ovarian adenocarcinoma, [37] which sug-
gests there is a different relationship between serum HA 
and HCC as well as adenocarcinoma. In the present study, 
there was no significant correlation between the serum 
HA level and the levels of AFP or PIVKA-II. If the se-
rum HA level correlates tumor development, the mecha-
nism of tumor progression would be different from that 
of adenocarcinomas. However, the AFP level might be 
correlated with the degree of chronic hepatitis [38]. 
Measurement of the level of AFP was not a good indica-
tor of liver injury; measurement of HA levels was more 
reliable to predict liver injury and patient survival. 

In agreement with the present study, Chongsrisawat et 
al. reported that an increased HA level is associated with 
massive postoperative ascites [39]. Massive persistent 
ascites, liver failure and intra-abdominal infection could 
potentially occur after liver resection, which may influ-
ence hospital stay or early and late mortality [40,41]. The 
serum HA level correlated with hepatic ATP levels and 
mortality rate after extensive hepatectomy in rats [42]. 
Ogata et al. reported that preoperative serum HA con-
centrations > 200 ng/ml were associated with the inhibi-
tion of hepatic regeneration after hepatectomy [16]. Be-
cause major hepatectomy itself causes an increased risk 
of these postoperative complications, it would be diffi-
cult to determine extent of major hepatectomy in patients 
with a high HA level [43].  

In the present study, a univariate analysis found that 
the serum HA level was not associated with tumor recur-
rence but was associated with overall survival. This re-
sult indicates that increased HA might not reflect tumor 
progression itself. We hypothesized that decreased liver 
function or liver injury due to postoperative hepatic 
complications might induce tumor progression or new 
carcinogenesis because of decreased host immunity or 
increased response to hepatitis. In the present study, only 
cancer death, not unrelated death, was used to measure 
the prognosis for overall survival. Liver injury, indicated 
by increased HA level, might be related to patient prog-
nosis after tumor relapse. A multivariate analysis showed 
that increased HA level was not significantly associated 
with either tumor-free or overall survival. Thus, an asso-

ciation of HA with tumor progression would be weak. 
Obayashi et al. and others reported that the activity of the 
HA protein complex was associated with cancer growth 
[37]. This marker of non-parenchymal function is a use-
ful candidate for predicting prognosis in HCC patients. 

In conclusion, we conducted a retrospective analysis 
of the outcomes in 156 HCC patients who received cura-
tive hepatectomy, including an analysis of the relation-
ship between the preoperative HA level and the outcome. 
The serum HA concentration was correlated with poor 
liver function, multiple HCC and postoperative compli-
cations in HCC patients with liver disease. The serum 
HA level was associated with overall survival in a uni-
variate analysis, but the HA level was not an independent 
prognostic factor in a multivariate analysis. Our results 
suggest that serum HA might mildly reflect the progres-
sion of HCC and survival in HCC patients. 
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