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Here we assessed the predictive value of gamma-glutamyltransferase (γ-GT) for the prognosis of patients with HCC and
compared the γ-GT with other prognostic factors. We retrospectively analyzed outcomes for 858 patients first diagnosed
with HCC. Cox univariate and multivariate analyses receiver operating characteristic (ROC) curve were used for the study
of significance of prognostic factor. A Kaplan-Meier survival analysis was performed to assess the value of γ-GT as an HCC
prognostic factor in different classifications of Barcelona Clinic Liver Cancer (BCLC) or Tumor Node Metastasis (TNM) and
different levels of serum alpha fetoprotein (AFP). We showed patient survival rates were significantly associated with γ-GT
as well as serum biological markers including absolute neutrophil count (ANC), absolute lymphocyte count (ALC), AFP.
A γ-GT ≥ 75 U/L strongly indicated poor prognosis for HCC patients. The survival time of patients with γ-GT ≥ 75 U/L was
significantly shorter in advanced BCLC and TNM stages and at any serum AFP level. All these results suggested that baseline
γ-GT could effectively aid in determining the prognosis of patients with HCC, and the prognostic value of γ-GT ≥ 75 U/L
was superior to that of Child–Pugh class, MELD stage, and serum AFP.
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In the global rankings of malignant tumor mortality,
hepatocellular carcinoma (HCC) is the sixth most deadly
and accounts for more than 90% of primary tumors of the
liver [1, 2]. HCC is a complex multifactor and multistage
disease with chronic hepatitis B or C infection being the
major cause of HCC [3]. Although the extensive application
of curative strategies such as resection and liver transplantation, patients at advanced stages or with tumor metastasis
or severe liver cirrhosis have to accept palliative treatments,
with a five-year survival rate of less than 15% [4-6]. Therefore, early diagnoses of HCC and prognostic techniques
are clinically important. Many HCC grading systems and
prognostic scoring models have been proposed, including
Child–Pugh class, CLIP (Cancer of the Liver Italian Program) staging, the JIS (Japanese Integrated Staging) scoring
system, BCLC (Barcelona-clinic Liver Cancer) staging,
TNM (Tumor Node Metastasis) staging, and MELD (Model
for End Stage Liver diseases) [7-9]. However, these systems
are very complicated, and international scholars have

not reached a consensus concerning which classification
system is best for diagnosis and prognostic evaluation in
HCC patients. Therefore, some simpler and more effective
serum biomarkers to guide clinical prevention and treatment of HCC are required to find. Alpha fetoprotein (AFP)
has been reported to be an important serological marker
in HCC diagnosis and monitoring, however, about 40% of
early-phase patients and 15%-30% of late-phase patients
can still be negative for AFP [10, 11].
γ-glutamyltransferase (γ-GT) is a key enzyme in the
processing of glutathione and related molecules. γ-GT plays
a role in transpeptidation and hydrolysis and is involved in
bioconversion, metabolism of nucleic acids, and neoplasia
[12, 13]. Recently, serum γ-GT level has also been characterized as a biomarker for oxidative stress and has been
shown to correlate with inflammation in the extracellular
tissue microenvironment [14, 15]. Over the last few years,
several studies have focused on the possible relationship
between γ-GT and HCC incidence, development, recurrence,
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and poor prognosis. Elevated γ-GT has been suggested as
a promising predictor of poor survival rates in HCC patients
after hepatectomy, transcatheter arterial chemoembolization
(TACE), or radiofrequency ablation (RFA). However, these
investigations focused on studying a single treatment [15].
Given that HCC can present with obvious tumor heterogeneity, quick progression, intrahepatic and distant metastasis,
low resection rate, high postoperative recurrence rate, hepatic
dysfunction, and hepatitis virus replication, integrated treatment modalities are more clinically common than single
treatments [5].
To address these problems, we firstly analyzed whether, in
integrated treatment modalities, serum levels of γ-GT could
aid in the prognosis for patients with HCC. We also compared
the prognostic value of γ-GT with other prognostic indices
and models. The predictive value of different γ-GT levels for
patients at different stages of HCC was also analyzed. Finally,
we juxtaposed observations of both γ-GT and AFP levels and
discussed whether γ-GT can improve the accuracy of predictions using AFP.
Patients and methods
Patients. Between January 2008 and March 2013, 1005 patients in Beijing Ditan Hospital, Capital Medical University,
were first diagnosed with HCC. We excluded 147 patients
who were less than 18 years old or who had incomplete or
missing medical records regarding tumor number, tumor
size, clinical symptoms, laboratory results, and imaging results, with a remaining population of 858 patients. Patients
with one of the following criteria were diagnosed with HCC:
(1) the presence of cells or histological evidence of HCC;
(2) pathological changes that could be recognized in at least
two different imaging examinations; (3) an imageological
examination that showed the pathological changes of HCC
combined with a serum AFP ≥ 400 ng/mL [16]. The most
commonly used diagnostic imaging tools were hepatic angiography, magnetic resonance imaging (MRI), abdominal
computed tomography (CT), and transabdominal ultrasonography.
Patients in our study who met the criteria of the American
Association for the Study of Liver Diseases (AASLD) for
liver resection and liver transplantation received appropriate
surgical treatment. Patients who were not suitable candidates
for surgery were given local treatment, including transarterial embolization and ablation [16]. Patients who could not
accept either of the above-mentioned treatments were placed
on regimens of either sorafenib or the three-drug combination of folinic acid, fluorouracil, and oxaliplatin. Patients with
a Child–Pugh class of C or with distant metastases received
the best supportive care (BSC) and corresponding treatments
recommended by international guidelines. In addition, all
patients were assessed based on their specific underlying
circumstances (e.g., chronic hepatitis, cirrhosis, liver dysfunction, or other concomitant diseases) and received appropriate
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treatment to protect the liver, reduce enzymes, and treat the
respective viruses or other conditions [17].
The study protocol was developed in accordance with the
Declaration of Helsinki’s code of ethics and was approved by
the Beijing Ditan Hospital ethics committee (Beijing, China)
[18]. Because the study was of a retrospective design, informed
consent of all patients could not be obtained. However, patient
records and information were anonymized prior to analysis
to protect patient privacy.
Study variables. All study variables were baseline data at
the time of diagnosis. The patient demographic and medical
history characteristics analyzed included gender, age, survival
time, family history of HCC, history of smoking, history of
alcohol use, basic disease complications (including seroperitoneum, esophageal and gastric varices, hepatic encephalopathy,
spontaneous bacterial peritonitis, hepatorenal syndrome,
hypersplenism, and upper gastrointestinal hemorrhage), comorbidity (including diabetes, hypertension, coronary heart
disease, valvular heart disease, kidney failure, and abnormal
thyroid function), and courses of treatment. Patient serum
biochemical and clinical characteristics included γ-GT, AFP,
prothrombin activity (PTA), prothrombin time (PT), absolute
lymphocyte count (ALC), absolute neutrophil count (ANC),
white blood cell (WBC) count, absolute platelet count (PLT),
serum albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
total bilirubin (TBil), serum creatinine (Cr), international
normalized PT ratio, MELD staging, and Child–Pugh class.
Tumor-associated indexes including the number and size of
tumor, lymph node involvement, portal vein invasion, and
distant metastasis were based on CT or MRI examination
results. Staging using the BCLC and TNM systems adopted
the latest standards as of 2010. For the purposes of this study,
patient survival was assessed at the end of a 5-year follow-up
period after diagnosis.
Statistical analysis. All data in this study were analyzed by
SPSS 19.0 software (IBM, Armonk, NY) [19, 20]. Categorical
data were described by frequency and percentage. Continuous
variables that obey normal distribution were reported with
mean ± standard deviation, and variables with non-normal
distribution were reported with median (Q1–Q3). The Cox
proportional hazards model was adopted for univariate and
multivariate analyses [21]. Cox multivariate analyses were
completed using a forward stepwise method based on likelihood ratios. The prediction accuracy of the observation
indexes in this study for the survival rates of patients were
evaluated using a receiver operating characteristic (ROC),
and the area under ROC curve (AUC) was compared to assess
the discriminatory capacity of each index [22]. In this way,
we calculated the AUC, sensitivity and specificity and found
the cut-off value for the maximum sensitivity and specificity
of γ-GT. Survival analyses were conducted using the KaplanMeier method, and a log-rank test was performed to calculate
the differences between groups. For all comparisons, a P-value
< 0.05 was considered statistically significant.
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Table 1. The characteristics of HCC patients (n = 858)

Results

Variables
†Value
Age (years)
55.0 (48.0-61.0)
Gender (male/female)
712/146
Family history of HCC
111
History of alcohol use
337
History of smoking
336
Pathogenesis basis
HBV
666
HCV
52
Alcoholic liver disease
21
HBV+Alcoholic liver disease
88
HCV+Alcoholic liver disease
11
HBV+HCV
4
HBV+HCB+Alcoholic liver disease
3
Unknown aetiology
13
Complications
Seroperitoneum
340
Esophageal and fundal varices
608
Hepatic encephalopathy
26
SBP
13
Hepatorenal syndrome
13
Hypersplenism
124
Upper gastrointestinal bleeding
44
Tumor-related factors
Number of tumors ≥ 3 (yes/no)
309/549
Tumor size ≥ 5cm (yes/no)
286/572
Portal vein invasion (yes/no)
221/637
Lymph node metastasis (yes/no)
75/801
Underlying liver status factors
ALT (IU/L)
37.1 (24.8-60.5)
AST (IU/L)
45.6 (30.0-74.6)
TBil (μmol/L)
20.2 (13.7-30.9)
ALB (g/L)
37.0 (31.8-41.1)
ALP (U/L)
100.9 (77.0-414.3)
γ-GT (U/L)
64.6 (31.9-138.8)
WBC(×109/L)
4.5 (3.2-5.8)
ANC (×109/L)
2.6 (1.7-3.7)
ALC (×109/L)
1.1 (0.8-1.6)
PLT (×109/L)
97.0 (61.1-148.7)
Cr (μmol/L)
66.0 (57.3-77.0)
PTA (%)
74.2 (63.4-87.1)
HBV-DNA level(Log10copies•mL-1)
3.9±1.4
MELD
5.2 (2.7-8.2)
AFP ≥ 400ng/mL
235
Child-Pugh class
A
538
B
260
C
60
HCC = hepatocellular carcinoma, HBV = hepatitis B virus, HCV = hepatitis
C virus, ALT = alanine aminotransferase, AST = aspartate aminotransferase,
TBil = total bilirubin, ALB = serum albumin, ALP = alkaline phosphatase,
γ-GT = γ-glutamyltransferase, WBC = white blood cell, ANC = absolute
neutrophil count, ALC = absolute lymphocyte count, PLT = platelet count,
Cr = serum creatinine, PTA = prothrombin activity, AFP = α-fetoprotein,
MELD = Model for End-Stage Liver Disease.
†Data are presented as the number of observations or the median or the mean
± standard deviation.
*P < 0.05

Patient characteristics and outcomes. The baseline characteristics of 858 patients with HCC were shown in Table 1.
The median age was 55.0 (48.0–61.0). These patients included
712 (83.0%) male and 146 (17.0%) female. In addition, 111
(12.9%) had a family history of HCC. HBV and HCV infection, and alcoholic liver disease were diagnosed in 666 (77.6%),
52 (6.1%), and 21 (2.4%) patients, respectively. Of the 666
patients with HBV, the level of HBV-DNA was 3.9 ± 1.4 Log10
copies•mL-1 in 572 of them, all of whom received antiretroviral therapy. Coinfection of HBV and HCV was diagnosed
in 4 (0.5%) patients, HBV and alcoholic liver disease in 88
(10.3%) patients, and HCV with alcoholic liver disease in 11
(1.3%) patients. Coinfection with HBV, HCV, and alcoholic
liver disease was found in 3 (0.3%) patients. The causes of
HCC were unknown in 13 (1.5%) patients. At diagnosis, 340
patients had seroperitoneum, 608 hadesophageal and gastric
varices, 26 had hepatic encephalopathy, 13 had spontaneous
bacterial peritonitis, 13 had hepatorenal syndrome, 124 had
hypersplenism, and 44 had upper gastrointestinal hemorrhage.
Comorbidity was present in 310 patients, including 166 with
diabetes, 205 with hypertension, 9 with coronary heart disease,
1 with valvular heart disease, 2 with kidney failure, 3 with
abnormal thyroid function, and 3 with other inflammatory
disease (serious infection/sepsis).
A Child–Pugh classification of A, B, and C was found in
538 (62.7%), 260 (30.3%), and 60 (7.0%) patients, respectively.
A tumor ≥ 5 cm was found in 286 (33.3%) patients, and tumor
number ≥ 3 was found in 309 (36.0%). Among all 858 patients,
75 (8.7%) and 221 (25.8%) were diagnosed with lymph node
metastasis and portal vein involvement, respectively.
Ninety-one (10.6%) patients were treated with surgical
resection, and 661 (77.0%) patients accepted locoregional
treatment. Hepatectomy was combined with TACE in 28 patients, combined with RFA in three patients, and with both
TACE and RFA in 17 patients. The remaining 154 (17.9%)
patients received BSC. During the follow-up period, the 6-, 12-,
18-, and 24-month survival rates were 76.7%, 63.6%, 55.7%,
and 50.6%, respectively. At the end of the 2-year follow-up
period, 424 (49.4%) patients had died.
Prognostic value of baseline γ-GT in HCC. The 39 characteristics observed in this study (Table 2) were analyzed using
univariate analysis. We found that the following characteristics
were related to the survival rates of patients with HCC (P <
0.05): gender, age, history of alcohol use, tumor diameter ≥
5 cm, tumor number ≥ 3, portal vein invasion, lymph node
involvement, HCV infection, alcoholic liver disease, HBV/
alcoholic liver disease coinfection, seroperitoneum, esophageal and gastric varices, hepatic encephalopathy, spontaneous
bacterial peritonitis (SBP), hepatorenal syndrome, upper
gastrointestinal hemorrhage, γ-GT, AST, ALB, TBil, Cr, ALP,
PTA, ANC, PLT, ALC, WBC, AFP ≥ 400 ng/mL, Child–Pugh
class, and MELD score. The above-mentioned factors selected
from the univariate analysis received a further multivariate
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Table 2. Univariate and multivariate of factors associated with early death
Variable

Univariate
HR (95% CI)
0.984 (0.975-0.994)*
0.641 (0.483-0.851)*
1.187 (0.903-1.559)
1.591 (1.314-1.925)*
1.238 (1.022-1.501)*

Multivariate
HR (95% CI)

Age (years)
Gender (male/female)
Family history of HCC
History of alcohol use
History of smoking
Pathogenesis basis
HBV
0.834 (0.669-1.041)
HCV
0.586 (0.366-0.940)*
Alcoholic liver disease
1.706 (1.019-2.856)*
HBV+Alcoholic liver disease 1.627 (1.228-2.156)*
HCV+Alcoholic liver disease 1.487 (0.705-3.139)
HBV+HCV
0.049 (0.000-10.643)
HBV+HCB+Alcoholic
0.742 (0.104-5.280)
liver disease
Unknown aetiology
1.048 (0.496-2.212)
Complications
Seroperitoneum
2.408 (1.988-2.917)*
Esophageal and fundal varices 1.747 (1.388-2.199)*
Hepatic encephalopathy
1.638 (1.008-2.661)*
SBP
2.791 (1.489-5.230)*
Hepatorenal syndrome
3.677 (2.018-6.701)*
Hypersplenism
0.881 (0.668-1.162)
Upper gastrointestinal bleeding 1.772 (1.207-2.603)*
Tumor-related factors
Number of tumors ≥ 3 (yes/no) 2.716 (2.242-3.290)* 1.459(1.176-1.809)*
Tumor size ≥ 5cm (yes/no)
3.828 (3.152-4.649)* 1.635(1.297-2.060)*
Portal vein invasion (yes/no) 9.148 (7.426-11.269)* 4.100(3.137-5.359)*
Lymph node metastasis (yes/no) 3.920 (3.026-5.077)* 1.703(1.289-2.251)*
Underlying liver status factors
ALT (IU/L)
1.001 (1.000-1.002)
AST (IU/L)
1.003 (1.002-1.004)*
TBil (μmol/L)
1.007 (1.006-1.009)*
ALB (g/L)
0.962 (0.949-0.976)*
ALP (U/L)
1.005 (1.004-1.006)*
γ-GT (U/L)
1.004 (1.003-1.004)* 1.001 (1.000-1.002)*
WBC(×109/L)
1.188 (1.133-1.246)*
ANC (×109/L)
1.394 (1.319-1.472)* 1.298(1.217-1.384)*
ALC (×109/L)
0.535 (0.448-0.639)* 0.554(0.442-0.694)*
PLT (×109/L)
1.003 (1.001-1.004)*
Cr (μmol/L)
1.005 (1.003-1.007)*
PTA (%)
0.982 (0.977-0.987)*
MELD
1.053 (1.039-1.068)*
AFP ≥ 400ng/mL
3.255 (2.679-3.955)* 1.486(1.187-1.861)*
Child-Pugh class
A
B
2.125 (1.731-2.608)* 1.596(1.271-2.004)*
C
4.843 (3.558-6.592)* 4.655(3.323-6.522)*
HR = hazard ratio, CI = confidence interval, HCC = hepatocellular carcinoma,
HBV = hepatitis B virus, HCV = hepatitis C virus, ALT = alanine aminotransferase, AST = aspartate aminotransferase, TBil = total bilirubin, ALB = serum
albumin, ALP = alkaline phosphatase, γ-GT = γ-glutamyltransferase, WBC =
white blood cell, ANC = absolute neutrophil count, ALC = absolute lymphocyte count, PLT = platelet count, Cr = serum creatinine, PTA = prothrombin
activity, AFP = α-fetoprotein, MELD = Model for End-Stage Liver Disease.
*P < 0.05

Figure 1. ROC curve of risk factors related to survival rates of HCC patients, revealed in multivariate analysis. ROC = receiver operating characteristic, AUC = area under the curve, γ-GT = γ-glutamyltransferase, ALC =
absolute lymphocyte count, ANC = absolute neutrophil count, Cr=serum
albumin, AFP = α-fetoprotein, HCC = hepatocellular carcinoma.

Cox regression analysis, revealing that the following were
significantly related to the survival rates of patients (P < 0.05,
Table 2): γ-GT, ANC, ALC, AFP ≥ 400 ng/mL, tumor diameter
≥ 5 cm, tumor number ≥ 3, lymph node involvement, portal
vein invasion, and Child–Pugh class.
Drawing the ROC curve of the selected indictors from the
multivariate analysis, we compared their predictive values in
making an HCC prognosis. The ROC curve for γ-GT (0.742)
had the largest AUC among the serum biochemical markers,
compared with that of portal vein invasion (0.748), tumor
diameter ≥ 5 cm (0.691), ANC (0.690), tumor number ≥ 3
(0.656), AFP ≥ 400 ng/mL (0.651), Child–Pugh class (0.644),
lymph node involvement (0.582) and ALC (0.365) (Figure 1).
The above analysis revealed that baseline γ-GT levels in HCC
prognosis had important predictive values. We set 75 U/L as
the γ-GT cut-off value at which level the sensitivity was 64.9%
and the specificity was 77.0%. In the Kaplan-Meier analysis
shown in Figure 2, the 6-, 12-, 18- and 24-month survival

Figure 2. Kaplan-Meier survival curves of HCC patients with a γ-GT level
≥ 75 U/L and those with a γ-GT level < 75 U/L over the 2-year follow up
period.
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Figure 3. Box plots showing γ-GT levels in HCC patients with different BCLC and TNM stages. γ-GT = γ-glutamyltransferase, HCC = hepatocellular
carcinoma, BCLC = Barcelona-Clinic Liver Cancer, TNM = Tumor Node Metastasis.

rates of patients with serum γ-GT level ≥ 75 U/L (56.5%,
36.8%, 29.1%, 26.7%, respectively) were significantly lower
(P < 0.0001) than those with γ-GT < 75 U/L (92.8%, 84.7%,
76.6% and 69.2%, respectively).
Baseline γ-GT’s relationship with the BCLC and TNM
staging systems of HCC. In this study, we evaluated the
relationship between baseline γ-GT level and BCLC or TNM
stages. In BCLC stages 0/A–C, the baseline γ-GT levels were
gradually increased with development of BCLC grades (Figure
3A, P < 0.0001), with γ-GT levels at stage 0/A of 38.90 U/L
(23.98-70.43 U/L), at stage B of 62.50 U/L (38.00-111.90 U/L),
and at stage C of 155.05 U/L (87.80-255.55 U/L). However,
the γ-GT levels 85.20 U/L (41.65-202.2 U/L) at stage D were
decreased compared with stage C (P = 0.0013). In addition,
we showed that differences in levels of γ-GT between phase
I and II were not significant (P = 0.2093), but the level of
γ-GT in phase III increased significantly compared with phase
I and phase II (P < 0.0001). The phenomenon of γ-GT levels
decreasing in BCLC stage D compared with the pervious stage
was not observed when comparing TNM stage III to stage IV
(P = 0.4204).
Moreover, we also performed a Kaplan-Meier survival
analysis of the γ-GT cut-off value in different stages of BCLC
or TNM in HCC prognosis (Figure 4). In BCLC stages B (P =
0.0075), C (P < 0.0001), and D (P = 0.0090), the survival rates
of patients with a γ-GT level ≥ 75 U/L were significantly lower
than that of patients with a γ-GT level < 75 U/L throughout
the follow-up period (Figure 4B–D), but not significantly in
BCLC stage 0/A (P = 0.1189). In the TNM stages II, III, and IV
(P = 0.0025, P < 0.0001, P = 0.0164, respectively), the survival
rates of patients with a γ-GT level ≥ 75 U/L was significantly
poorer than for those with γ-GT < 75 U/L throughout the

follow-up period, however not significantly for patients classified as TNM stage I (P = 0.6171) (Figure 4F–H).
Correlation of baseline γ-GT cut-off value with serum
AFP levels in HCC. Using Kaplan-Meier survival analysis,
we examined the prognostic value for HCC of using the
γ-GT cut-off value for the following three serum AFP levels:
AFP < 8.8 ng/mL, 8.8 ng/mL ≤ AFP < 400 ng/mL, and AFP
≥ 400 ng/mL (where the normal reference value is 0.9–8.8
ng/mL). The results showed that the survival rate of patients
with a γ-GT level ≥ 75 U/L was significantly lower at all 3
AFP levels compared to that of patients with a γ-GT level <
75 U/L (P < 0.0001) (Figure 5). Thus, irrespective of serum
AFP levels, the γ-GT cut-off value has important predictive
value for the prognosis of HCC patients, with important
clinical significance for serum AFP-negative HCC patients
in predicting their outcomes.
Correlation of baseline γ-GT cut-off value with alcohol
consumption. We examined the predictive value of a baseline
γ-GT cut-off value in the prognosis of HCC in patients with
alcohol cause and without alcohol cause by using KaplanMeier survival analysis. The results showed that the survival
rates of patients with a γ-GT level ≥ 75 U/L was significantly
lower, compared to that of patients with a γ-GT level < 75 U/L
(P < 0.0001) (Figure 6) regardless of alcohol cause, suggesting
that alcohol consumption did not affect the predictive value
of γ-GT in the prognosis of patients with HCC.
Discussion
In the past 10 years, various studies have revealed that serum γ-GT is a predictive clinical outcome marker in a variety
of malignant tumors, including HCC [13, 23-25]. Previous
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Figure 4. Kaplan-Meier survival curves of HCC patients with γ-GT ≥ 75 U/L and < 75 U/L in different stages of BCLC and TNM. γ-GT =
γ-glutamyltransferase, HCC = hepatocellular carcinoma, BCLC = Barcelona-Clinic Liver Cancer, TNM = Tumor Node Metastasis.
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Figure 5. Kaplan-Meier survival curves at different levels of serum AFP comparing HCC patients with a γ-GT level ≥ 75 U/L to those with a γ-GT level
< 75 U/L.

Figure 6. Kaplan-Meier survival curves of HCC patients with γ-GT ≥ 75 U/L and < 75 U/L in patients with alcohol cause and patients without alcohol cause.

study of the Neutrophil-Lymphocyte ratio relationship with
HCC prognosis revealed the connection between γ-GT and
HCC [8], supporting the retrospective analysis of the present
study. We found that for HCC patients with a potentially
shortened survival rates, their baseline γ-GT level could serve
as an independent prognostic factor. Furthermore, compared
with the most common serum biochemical variables, including Child–Pugh class, tumor characteristics, and MELD
stage, a γ-GT level ≥ 75 U/L had a higher prognostic value. By
subgroup analyses, we also found that patients with a higher
γ-GT level tended to have greater mortality when classified as
BCLC stages B–D and TNM stages II–IV. In other words, γ-GT
levels had a high predictive value for patients at middle- or
late-stage progression of HCC. In addition, subgroup analyses
examining different levels of serum AFP showed that patients
with higher γ-GT levels had a significantly higher mortality.
Our results showed that, especially in the AFP-negative subgroups, γ-GT was a valuable tool in determining the prognosis
of HCC patients, which had important clinical significance.
These conclusions were not affected by the causative role of
alcohol in HCC diagnosis.
It has been reported that the expression of γ-GT varies
among normal tissues. In the capillary endothelial cells of the
nervous system, renal proximal convoluted tubules and biliary

ducts where absorption and secretion takes place, the activity
of γ-GT is increased [26, 27]. However, given the different
distribution and concentration of γ-GT among normal tissues,
the expression of γ-GT varies widely across different human
carcinomas [28]. Increased expression of γ-GT has been observed in liver, colon, ovarian cancer, leukemias, astrocytic
glioma, and melanoma [29-34].
The underlying mechanisms for the relationship between
γ-GT and tumors, including HCC, remain elusive. Recently,
several studies have reported that when γ-GT is overexpressed,
its pro-oxidant effect disturbs the oxidant/antioxidant balance,
which plays a role in the continued oxidative stress reaction in
the tumor; this in turn is involved in the regulating of tumor
progression [14, 35]. Additionally, components such as serum
inflammatory markers, which are related in the processes of
inflammation, have been reported to be closely related to
HCC prognosis [36-38]. It has been internationally recognized
that γ-GT level is useful in the evaluation of active chronic
hepatitis [39]. Furthermore, γ-GT levels have been associated
with fibrosis stage and cirrhosis at baseline and of helping to
predict fibrosis progression [28]. Therefore, as a reflection of
the inflamed liver microenvironment in patients with hepatitis [25], γ-GT may be a promising predictor for prognosis
of HCC patients.
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By a large sample statistical analysis, this study showed
that, except in cases of portal vein invasion, γ-GT is of
superior value in evaluating the prognosis of HCC patients
compared to tumor number, tumor size, lymph node metastasis, levels of ANC, ALC and AFP, and Child–Pugh class.
Additionally, 75 U/L was determined to be the optimal γ-GT
cut-off value, which was different from what has been previously reported [13, 23-25]. Recently, Fu et al show 128 U/L
of γ-GT is the optimal cut-off value, with a sensitivity and
specificity of 60.0% and 72.9%, respectively [40]. In this
study, we showed that 75 U/L of γ-GT exerted the sensitivity of 64.9% and the specificity of 77.0%. It was obvious
that 75 U/L of γ-GT from our data have a higher sensitivity
and specificity. This also raised another possibility that the
number of our samples (n = 858) is greater than that of the
study from Fu et al (n = 130).
In conclusion, this study was the first to find that serum
γ-GT baseline levels at diagnosis aid in the prognosis of HCC
patients, which was important for long-term integrated treatment modalities. A γ-GT level of ≥ 75 U/L could be used as an
important serum biochemical marker for evaluating prognosis
of HCC, including in those patients negative for serum AFP,
a significant finding for clinicians. Larger samples of prospective randomized multi-center studies were warranted in the
future to confirm these results.
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