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Abstract
AIM: To determine the prognostic value of alkaline 
phosphatase (ALP) and γ-glutamyltransferase (GGT) for 
hepatocellular carcinoma (HCC) .

METHODS: We analyzed the outcome of 172 HCC pa-
tients who underwent liver resection. Receiver operat-
ing characteristic (ROC) curve analysis was performed 
to determine the cut-off value of ALP and GGT. Then, 
preoperative risk factors for survival were evaluated by 
multivariate analysis. Based on the significant factors, a 

prognostic score model was established.

RESULTS: By ROC curve analysis, ALP > 120 U/L and 
GGT > 115 U/L were considered elevated. Overall sur-
vival (OS) and tumor-free survival (TFS) for patients 
with elevated ALP and GGT were significantly worse 
than for patients with ALP and GGT within the normal 
range. Multivariate analysis showed that the elevated 
levels of ALP, GGT and tumor size were independent 
prognostic factors. Giving each positive factor as a 
score of 1, we established a preoperative prognostic 
score model. The 5-year OS for patients with a score 
of 0, 1, 2 and 3 were 84.0%, 45.9%, 44.1% and 0%, 
respectively, while the TFS was 80.6%, 40.0%, 38.8% 
and 0%, respectively. When combining patients with 
scores of 1 and 2 into the middle risk group, and pa-
tients with scores of 0 and 3 into the low-risk and high-
risk groups, respectively, different outcomes would be 
significantly distinguished by the risk groups.

CONCLUSION: Elevated ALP and GGT levels were 
risk predictors in HCC patients. Our prognostic model 
might vary the outcomes of patients from different risk 
groups.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: To determine the optimal cut-off value of alka-
line phosphatase (ALP) and γ-glutamyltransferase (GGT) 
to predict hepatocellular carcinoma (HCC) prognosis 
after liver resection, and to establish a scoring model, 
we analyzed the outcome of 172 HCC patients who un-
derwent liver resection. Receiver operating characteris-
tic curve analysis was performed to determine the cut-
off value of ALP and GGT. Preoperative risk factors for 
survival were evaluated by multivariate analysis. Based 
on the significant factors, a prognostic scoring model 
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was established. Our model might affect the outcome 
of patients in different risk groups, and was superior to 
the traditional risk markers.
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INTRODUCTION
Hepatocellular carcinoma (HCC), the fifth most common 
cancer worldwide, is rarely detected early and is usually 
fatal within months of  diagnosis[1]. Liver resection re-
mains the gold standard for patients with resectable HCC 
that develops in the setting of  normal liver substance. 
However, most patients with HCC have diseased liver 
parenchyma, especially HBV-related cirrhosis in China, 
and resection in this population is more fraught, with the 
potential for more complications[2].

Thus, a balance for choice of  therapy is urgently 
needed prior to treatment, such as liver transplantation, 
transcatheter hepatic arterial chemoembolization, and ra-
diofrequency ablation. Yet, these choices are mostly based 
on traditional guidelines such as the Milan Criteria (single 
nodule ≤ 5 cm or two or three nodules ≤ 3 cm)[3] and 
the University of  California, San Francisco (UCSF) Cri-
teria (single nodule ≤ 6.5 cm, or two or three nodules 
with the largest nodule ≤ 4.5 cm and the total tumor 
burden ≤ 8 cm)[4]. Great suspicions were raised about 
these criteria, because they solely rely on inaccurate pre-
operative imaging findings such as tumor number and 
tumor size, but neglect the essential features of  tumors 
such as carcinoembryonic antigen and α-fetoprotein 
(AFP). However, although AFP is frequently used to 
predict post-hepatectomy outcomes in patients with 
HCC, contradictory results have been reported from dif-
ferent studies, and the predictive accuracy was far from 
satisfactory[5,6].

Building a scoring model combining the imaging 
findings and serum parameters to predict the prognosis 
of  HCC patients undergoing liver resection is useful in 
guiding us to choose the best treatment. Many trials have 
focused on exploring the prognostic markers of  HCC in 
patients undergoing liver resection, such as serum miR-
NAs and other potential gene markers, however, they 
have had either unsatisfactory results, or were confined to 
laboratory experiments, which were not implementable 
clinically[7-9].

Serum liver enzymes such as alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), and γ-glutamyltransferase (GGT), 
are routinely tested in patients. These enzymes are com-

monly elevated in patients with liver diseases and thus 
may reflect the status of  liver injury[10]. Of  the liver en-
zymes, ALP and GGT have long been recognized to play 
potential roles in the diagnosis of  cancer. For instance, 
Xu et al[11] systemically analyzed the isoenzymes of  GGT, 
and reported that GGT could be applied as an additional 
marker for HCC, valuable not only for the diagnosis 
of  clinical HCC, but also for the detection of  small or 
subclinical HCC. Hann et al[12] studied the associations 
of  liver enzymes with the risk of  HCC in HBV-infected 
patients, and found that compared to patients with nor-
mal baseline GGT, those with elevated GGT exhibited 
a significantly increased HCC risk with a hazard ratio of  
2.60. Lopez et al[13] reported that raised ALP level in the 
presence of  normal bilirubin was more often a feature 
of  HCC than benign liver diseases, although the specific 
mechanism was not clear.

However, these studies were mainly focused on the 
diagnostic roles of  ALP and GGT. Few studies have sys-
tematically explored the prognostic roles of  these liver 
enzymes. In the current study, we sought to evaluate the 
effects of  ALP and GGT on the long-term prognosis 
of  patients with HCC undergoing liver resection. In ad-
dition, we tried to combine these serum markers such as 
ALP and GGT, and tumor characteristics such as tumor 
number and tumor size, to establish a scoring model con-
sisting of  comprehensive features of  tumors to predict 
better the prognosis of  HCC.

MATERIALS AND METHODS
Patient selection
Prospectively collected data in our unit (First Affiliated 
Hospital, Xi’an Jiaotong University, Xi’an, China) were 
reviewed retrospectively. We enrolled 172 HCC patients 
underwent liver resection with complete follow-up dur-
ing the 10-year period from December 2002 to July 2012. 
For this study, we included those patients who met all the 
following criteria: (1) patients were diagnosed with only 
HCC, but with no concomitant intrahepatic cholangio-
carcinoma, or any other malignancies, to eliminate the 
confounding effects from disease etiology; (2) patients 
had serum liver enzymes (ALP and GGT) and AFP mea-
sured simultaneously at study entry, making the baseline 
analyses comparable; (3) liver resection was performed 
on the resectable HCC; and (4) patients had a minimum 
follow-up time of  1 year from the study entry point.

Data collection
Patient baseline and clinical data, including age, sex, liver 
enzymes such as ALP and GGT, serum AFP, HBV in-
fection, HBV-DNA level, HCV infection, preoperative 
imaging data (tumor size, number, and invasion), surgery 
procedure records, and tumor pathology were recorded. 
Other synthetic liver function was also assessed, such 
as total bilirubin, albumin and international normalized 
ratio (INR), to evaluate the Child classification of  every 
patient. Liver resection specimens were assessed by two 
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independent liver pathologists, blinded to all patient de-
mographics and clinical outcomes. All patients gave writ-
ten informed consent to this study, and approval for the 
study was obtained from the Institutional Review Board, 
which conformed to the standards of  the Declaration of  
Helsinki.

Surgery and postoperative management
A systematic examination was performed to exclude peri-
toneal metastases. The resection techniques principally in-
volved were either anatomical or nonanatomical accord-
ing to the patients’ preoperative liver function and tumor 
anatomical status. Hepatic pedicle and celiac lymph nodes 
were removed for frozen section histological examina-
tion. Systematic, intraoperative hepatic ultrasonography 
was performed to detect additional nodules or portal 
thrombosis. After resection, the macroscopic features of  
the tumor, including size, number of  tumors, portal vein 
invasion, and hepatic vein invasion, were recorded. His-
tological examinations of  microscopic vascular invasion 
as well as satellite lesions were examined. Postoperative 
management included symptomatic therapy if  any surgi-
cal complications occurred, such as bleeding, infection, 
or hypoalbuminemia.

Follow-up
After liver resection, patients were followed every 3 mo 
in the first year, every 4 mo in the second year, and every 
6 mo thereafter. Imaging with computed tomography 
or magnetic resonance imaging was obtained for each 
patient on every follow-up visit, along with liver function 
analysis and serum AFP level. Tumor recurrence was di-
agnosed based on the combined findings of  these clinical 
examinations. Patients who developed recurrence were 
treated with repeat hepatic resection whenever possible, 
or otherwise with transcatheter arterial embolization.

Statistical analysis
All data were analyzed by the SPSS version 19.0 software 
(SPSS, Chicago, IL, United States). Comparisons between 
the two groups were done using a t-test for continuous 

data and the χ 2 test for categorical data, with P < 0.05 
considered significant. The survival curves were con-
structed by the Kaplan-Meier method and compared by 
the log-rank test, stratified by GGT and ALP, with the 
cutoff  points determined by the receiver operating char-
acteristic (ROC) curve analysis. Multivariate Cox regres-
sion analysis was performed to evaluate the prognostic 
significance of  the variables in predicting overall survival 
(OS). Results are given as mean ± SD.

RESULTS
Patient demographics and outcomes
One hundred and thirty-nine patients (80.8%) were men 
and 33 (19.2%) women. The mean age was 53.5 years 
(range: 24-80 years). We were able to determine Child-
Pugh classification from the available clinical records 
in all the enrolled patients, based on which, 160 cases 
were classified as Class A and 12 as Class B. No Class 
C patients were enrolled in this study, because Class C 
disease is a contraindication for hepatic resection in our 
department. Altogether, 87 patients died during follow-
up. Of  the 76 patients who developed tumor recurrence, 
46 (60.5%) developed recurrence within 1 year and 69 
(90.7%) within 2 years after surgery. Mean follow-up time 
was 2.91 years (range: 0.1-10 years). The 1-, 3- and 5-year 
OS for all patients included in this study were 74.1%, 
54.4% and 46.6%, respectively (Figure 1).

ROC curves showed the cut-off value for elevated ALP 
and GGT
ROC curve analysis revealed an optimal cutoff  of  121 
U/L for ALP and 117 U/L for GGT in terms of  pre-
dicting survival. As to ALP, the area under the ROC 
curve (AUC) was 0.631, with a 95%CI of  0.547-0.714 
(Figure 2A), while the AUC for GGT was 0.643 (95%CI: 
0.560-0.725) (Figure 2B). A cut-off  value of  121 present-
ed a sensitivity of  41.4% and a specificity of  85.9% for 
ALP, and a cut-off  value of  117 presented a sensitivity of  
39.1% and a specificity of  85.9% for GGT. In order to 
be utilized clinically, we chose a cutoff  value of  120 for 
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Figure 1  Kaplan-Meier curves of (A) overall survival, and (B) progression-free survival, for the whole 172 patients underwent liver resection enrolled in this study.
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analysis, revealing tumor size, HBV infection, ALP and 
GGT as independent factors associated with OS (Table 1).

With regard to TFS, again, on univariate analysis, the 
presence of  lymph-node metastasis, tumor size, ALP, 
GGT and AFP level were correlated with TFS. By further 
multivariate regression analysis, the presence of  lymph-
node metastasis, tumor size, ALP and AFP level were 
confirmed to be independent factors associated with the 
TFS of  HCC patients.

In these preoperative factors, our multivariate analy-
sis showed that the hazard ratio (HR) of  HBV infection 
for OS was 0.556, which was contrary to the accepted 

ALP and 115 for GGT, without significant impairment 
of  the diagnostic accuracy of  ALP and GGT.

Factors associated with OS and tumor-free survival in 
HCC patients
Univariate and multivariate analysis of  factors affecting 
OS and tumor-free survival (TFS) of  HCC patients are 
shown in Table 1. Univariate analysis revealed that, tumor 
size, lymph-node metastasis, HBV infection, ALP and 
GGT were preoperative prognostic predictors of  poor 
OS. Multivariate regression analysis was performed on 
all preoperative factors that were significant in univariate 
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Figure 2  Receiver operating characteristic curves to discriminate 172 hepatocellular carcinoma patients with different prognosis by the appropriate cutoff 
values of alkaline phosphatase (A) and γ-glutamyltransferase (B). ALP: Alkaline phosphatase;GGT: γ-glutamyltransferase.

Table 1  Preoperative factors affecting the overall survival and tumor-free survival of hepatocellular carcinoma patients

Category Subcategory Overall survival Tumor-free survival

Univariate 
analysis

Multivariate 
analysis

HR (95%CI) Univariate 
analysis

Multivariate 
analysis

HR (95%CI)

Gender Male (139)    0.935    0.916
Female (33)

Age ≥ 60 yr (55)    0.090    0.233
< 60 yr (117)

HBV Yes (121)    0.044    0.012 0.556    0.084
No (51) (0.353-0.878)

HCV Yes (8)    0.637    0.485
No (164)

Cirrhosis Yes (59)    0.321    0.141
No (113)

ALP > 120 U/L (50) < 0.001    0.008 1.866 < 0.001    0.002 1.973
≤ 120 U/L(122) (1.176-2.960) (1.283-3.034)

GGT > 115 U/L (48) < 0.001    0.030 1.674    0.001    0.676
≤ 115 U/L (124) (1.050-2.668)

AFP ≥ 400 ng/mL (66)    0.085    0.001    0.017 1.685
< 400 ng/mL (106) (1.099-2.583)

Tumor characteristics
Size ≥ 5 cm (114) < 0.001 < 0.001 4.472 < 0.001 < 0.001 4.315

< 5 cm (58) (2.328-8.590) (2.299-8.099)
Number > 1 (32)    0.143    0.218

= 1 (140)
Invasion Yes (54)    0.319    0.379

No (118)
Lymphnode metastasis Yes (6)    0.001    0.242 < 0.001    0.009 3.149

No (166) (1.329-7.462)

ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; AFP: α-fetoprotein; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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consensus that HBV infection is a risk factor for prog-
nosis of  HCC patients, so we excluded this factor in the 
further analysis. We also excluded lymph-node metastasis 
and AFP level in the following analysis, because they 
were not independent factors in OS, which was more 
important in predicting the prognosis of  HCC patients 
who underwent liver resection. In summary, we chose the 
easily accessible indices such as ALP, GGT, and tumor 
size as preoperative predictive factors, which were all 
independently associated with OS, and played important 
roles in the regression analysis of  TFS.

Elevated ALP and GGT were associated with worse 
prognosis in HCC patients 
ALP was elevated at 50 in 172 patients (29.1%) and GGT 
was elevated at 48 in 172 patients (27.9%). For both ALP 
and GGT, a significant difference was observed in the 
OS and TFS between patients with normal and elevated 
levels. In terms of  ALP, the 1-, 3- 5-year OS and TFS in 
patients with normal ALP level were 81.1%, 65.8% and 
60.3%, and 70.0%, 54.1% and 52.8%, respectively, com-
pared with 66.2%, 29.1% and 15.6% (OS) and 45.4%, 
25.2% and 25.2% (TFS) in patients with elevated ALP (P 
< 0.05, Figure 3A, B). In terms of  GGT, the 1-, 3- and 
5-year OS and TFS in patients with normal GGT level 

were 80.7%, 61.7% and 56.4%, and 70.0%, 53.2% and 
51.8%, respectively, compared with 64.5%, 32.9% and 
19.1% (OS), and 45.3%, 25.9% and 25.9% (TFS) in pa-
tients with elevated GGT (P < 0.05, Figure 3C, D).

The baseline characteristics in patients with normal 
or elevated ALP and GGT are shown in Table 2. There 
were no significant differences in sex, age, HBV, HCV, 
cirrhosis, AFP, and tumor characteristics such as tumor 
number, invasion, and lymph-node metastasis between 
the different groups according to ALP and GGT. The 
only significantly different factor in both the ALP and 
GGT groups was tumor size (P < 0.05), which might 
partially explain the varied outcomes of  prognosis in pa-
tients with different ALP and GGT levels.

Construction of the preoperative prognostic scoring 
model
Inspired by the preoperative prognostic score published 
by Wang et al[14] in HCC patients who underwent trans-
plantation, we established a preoperative model using the 
three preoperative factors, namely, ALP, GGT, and tumor 
size, which were found to be significant by multivariate 
regression analysis.

We defined each positive factor as a score of  1, and 
accordingly divided the patients into four groups, name-
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Figure 3  Impact of alkaline phosphatase and γ-glutamyltransferase on the overall (A and C) and tumor-free survival (B and D) following surgical resection, 
as classified by the cutoff value of alkaline phosphatase, and γ-glutamyltransferase, respectively. ALP: Alkaline phosphatase;GGT: γ-glutamyltransferase.
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ly, a score of  0, 1, 2 or 3. Varied outcomes in OS and 
TFS stratified by different scores are shown in Figure 4. 
The 5-year OS for patients with a score of  0, 1, 2 or 3 
was 84.0%, 45.9%, 44.1% or 0%, respectively (P < 0.05, 
Figure 4A). With respect to TFS, the 5-year survival for 
patients with a score of  0, 1, 2 or 3 was 80.6%, 40.0%, 
38.8% or 0%, respectively (P < 0.05, Figure 4B). Al-
though the OS and TFS of  the patients with a score of  
3 decreased sharply compared with those with a score 

< 3, and patients with a score of  0 had the longest sur-
vival, no significant difference was seen between the 
patients with a score of  1 or 2. Therefore, we combined 
the patients with a score of  1 and 2 as medium risk, and 
defined the patients with a score of  0 and 3 as low and 
high risk, respectively. Thus, the postoperative prognosis 
could be easily predicted by the Kaplan-Meier curves 
stratified by high, medium and low risks (P < 0.05, Fig-
ure 4C, D).

Table 2  Comparison of baseline characteristics of patients with different alkaline phosphatase, and γ-glutamyltransferase

Factors ALP > 120 
(n  = 50)

ALP ≤ 120 
(n  = 122)

P value GGT > 115 
(n  = 48)

GGT ≤ 115 
(n  = 124)

P value

Gender 40 99 0.835 40 99    0.671
Age 19 36 0.286 18 37    0.365
HBV 34 87 0.714 35 86    0.712
HCV   2   6 1.000   3   5    0.687
Cirrhosis 23 36 0.051 20 39    0.215
AFP 17 49 0.493 21 45    0.386
Tumor characteristics
   Size 39 75 0.050 42 72 < 0.001
   Number 10 22 0.830 11 21    0.387
   Invasion   9 45 0.018 16 38    0.719
   Lymphnode metastasis   3   3 0.358   4   2    0.052

ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; AFP: α-fetoprotein; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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Predictive value of the prognostic scoring model
The predictive value of  the prognostic scoring model, 
compared with the traditional prognostic markers such 
as AFP level, tumor size, and presence of  cirrhosis, by 
univariate Cox proportional hazards analysis, is summa-
rized in Table 3. The prognostic score was superior to the 
traditional prognostic markers of  AFP and cirrhosis, and 
more accurate than tumor size as prognostic markers, 
with medium and high risks having HRs of  4.250 and 
15.560, respectively.

DISCUSSION
Among appropriately selected patients with HCC, liver re-
section provides excellent outcomes, with a 5-year survival 
rate of  70%[15]. However, even under strict screening, 68% 
of  HCC patients still develop tumor recurrence in 5 years 
after liver resection[15]. According to our results, the 1-, 3- 
and 5-year OS rates for all patients included in this study 
were 74.1%, 54.4% and 46.6%, respectively; a little lower 
than the survival rates reported by Roayaie et al[15], which 
could be explained by the fact that patients in their study 
with tumor size < 2 cm. In contrast, our patients had an 
average tumor size of  6.95 cm. Thus, to develop novel 
noninvasive biomarkers for patients suitable for liver re-
section is urgently needed, to avoid tumor recurrence and 
surgical complications.

Despite the fact that several markers have been in-
tented to guide prognosis in HCC, few were of  signifi-
cant prognostic value, or too inconvenient to implement 
clinically. Inflammatory markers have long been linked 
with malignancy, and Virchow first observed leukocytes 
in neoplastic tissue in the mid-1800s, suggesting an im-
portant role for inflammation in the development of  
malignancies[16]. Inflammation contributes to the devel-
opment of  at least 15% of  all cancers, especially of  the 
digestive system[17]. For example, patients with HBV in-
fection experience chronic inflammation, which increases 
the risk of  liver cancer[18].

With respect to hepatitis virus, as one of  the most 
common etiologies of  HCC, the estimated risk of  HCC 
is 15-20-fold higher in persons infected with hepatitis 
virus than in uninfected persons. HBV is predominant in 
the east and HCV in the west, therefore, carriers of  both 
viruses have a substantial risk of  HCC-related death. 

However, we failed to demonstrate HBV or HCV as an 
independent risk factor; probably due to the develop-
ment of  antiviral therapy in recent years, or because of  
the small number of  patients in our cohort.

ALP and GGT are liver enzymes that are routinely 
tested clinically for liver function evaluation. ALP is a hy-
drolase enzyme, which is present in all tissues throughout 
the entire body, but particularly concentrated in the liver, 
bile duct, kidney, bone, and placenta[19]. Clinically, as a 
stable serum marker, high levels of  serum ALP are indic-
ative of  hepatic or bile-tract-associated disease. The ALP 
level also increases if  bone formation occurs, because 
ALP is a byproduct of  osteoblast activity. In addition, 
ALP has already been included in the Chinese University 
Prognostic Index, an HCC staging system that assigns a 
score of  3 when ALP is > 200 IU/L, indicating the po-
tential roles of  ALP in predicting the prognosis of  HCC 
patients[20].

GGT is a nearly ubiquitous epithelial enzyme, which 
initiates the degradation of  extracellular glutathione and 
its conjugates and correlates with biotransformation, 
nucleic acid metabolism, and tumorigenesis[21]. Moreover, 
elevation of  serum GGT was detected in a series of  clini-
cal conditions other than hepatobiliary disorders, includ-
ing pancreatic disease, myocardial infarction, renal failure, 
and diabetes[10]. With respect to cancer risk, significant 
associations have been reported between elevated GGT 
and increased risk of  cancer. Furthermore, a previous 
study showed that GGT was a potential predictor in liver-
specific diseases in both HBV patients and the general 
population in western countries[22].

However, preoperative liver function tests, specifically 
ALP and GGT, and their values in long-term follow-up 
of  HCC patients have seldom been systematically ex-
plored. We extensively evaluated the association between 
the liver enzymes ALP and GGT and prognosis of  HCC 
patients undergoing liver resection. We found significant 
elevation of  ALP and GGT levels before surgery, which 
independently predicted prognosis in HCC patients. In 
addition, this effect was also significantly increased when 
we combined the two serum markers with tumor size, 
and we successfully constructed a preoperative prognos-
tic scoring model.

In this study, we systematically explored the cut-off  
value of  ALP and GGT by using ROC curve analysis 
in predicting prognosis in HCC patients. We found that 
the cut-off  value of  ALP and GGT was 121 U/L and 
117 U/L, respectively, which were a little higher than the 
those reported by others when utilized in prediction of  
prognosis[23,24]. Utilizing the ALP and GGT values with 
relatively high sensitivity and specificity in multivariate re-
gression analysis, our results showed that ALP, GGT and 
tumor size were independent prognostic predictors of  
poor OS and TFS. Further analysis showed patients with 
elevated ALP and GGT had significantly higher risks of  
death and tumor recurrence by Kaplan-Meier analysis, in-
dicating the potential predictive roles of  ALP and GGT 
in the prognosis of  HCC patients undergoing liver resec-

Table 3 Univariate Cox regression analysis of prognostic 
scoring model, alpha-fetoprotein level, tumor size and the 
presence of cirrhosis

P  value HR 95%CI

Low risk - - -
Middle risk < 0.001 4.250 1.927-9.370
High risk < 0.001 15.56   6.181-39.175
AFP    0.085 1.454 0.950-2.227
Cirrhosis    0.321 0.790 0.495-1.259
Tumor size < 0.001 5.139 2.722-9.703

AFP: α-fetoprotein.
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tion. Although the specific mechanism is still unclear, 
there are several possible hypotheses.

Previous studies have shown that ALP is a differentia-
tion marker for embryonic and other stem cells derived 
from the bone and adipose tissue. In addition, ALP was 
found to indicate cancer cell proliferation in nucleolar 
localization in an electron microscopic cytochemistry 
study[25]. Cancer cells showed higher ALP activity in the 
nucleolus and changes in localization during the cell cycle, 
which revealed the roles of  ALP in tumor proliferation 
and progression, besides its common correlation with 
cholestasis and hepatitis. With respect to GGT, its impact 
on tumorigenesis might be mediated by the functions 
of  the oxidative stress pathways in cellular responses[26]. 
There is extensive evidence that GGT and glutathione 
(GSH), the degradation of  which is catalyzed by GGT, 
can cooperatively generate free radicals and thus lead to 
lipid peroxidation. On the other hand, lipid peroxidation 
is significantly implicated in the tumorigenesis of  many 
malignancies including HCC, which might also partially 
explain the GGT-HCC association[27,28].

Although we demonstrated the prognostic roles of  
GGT and ALP in predicting the prognosis of  HCC, how-
ever, there was no significant correlation with respect to 
Child score, when we explored the potential mechanisms 
of  GGT and ALP in cancer prognosis. We speculated that 
it was the tumor features represented by GGT and ALP, 
rather than the traditional values of  GGT and ALP in 
liver function reserve, that affect OS of  HCC patients.

Based on multivariate analysis, we further established 
a simple prognostic model with an AUC of  0.745. When 
we divided the patients into different groups by giving 
each positive factor as a score of  1, the 5-year OS for 
patients with a score of  0, 1, 2 or 3 was 84.0%, 45.9%, 
44.1% or 0%, respectively, while the TFS was 80.6%, 
40.0%, 38.8% or 0%, respectively. Considering the simi-
larities in prognosis of  patients with scores of  1 and 2, 
we combined these patients into the medium-risk group, 
while patients with scores of  0 and 3 were allocated into 
the low-risk and high-risk group, respectively. On this 
basis, varied outcomes were significantly divided by risk 
groups. When compared with the traditional prognostic 
markers such as AFP level, tumor size and presence of  
cirrhosis, the predictive value of  the prognostic model 
was significantly more accurate by univariate analysis, 
with HRs of  the medium- and high-risk groups of  4.25 
and 15.56, respectively[6,29,30].

It is worth noting that although elevated ALP and 
GGT might predict prognosis of  HCC in some way, we 
should not be totally dependent on these markers. Many 
other factors affecting ALP and GGT, such as hepatobili-
ary disorders and bone formation, could impair the accu-
racy of  prognostic prediction. In addition, HBV or HCV 
infection, tumor number, and lymph-node metastasis, 
might also affect the prognosis of  HCC, although the ef-
fect was not significant in our study, probably due to the 
limited number of  patients[31]. Thus, further studies are 
still needed to confirm and update our preoperative scor-

ing model to predict the prognosis of  HCC.
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