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Abstract

Aim of the study: Hepatitis C virus (HCV)-related hepatocellular carcinoma (HCC) incidence will be diminishing 
due to use of direct acting antiviral agents (DAA), but there is still constant risk for HCC development. Elevated 
serum γ-glutamyl transpeptidase (GGT) activity is associated with increased risk of liver cancer. In our study we 
tried to determine whether change in GGT activity may be useful in identifying patients with elevated risk of HCC 
development after DAA treatment.

Material and methods: The study population consisted of 111 patients with chronic hepatitis C (CHC) treated 
with DAA. Laboratory tests [alanine aminotransferase (ALT), GGT, α-fetoprotein (AFP)] and liver stiffness measure-
ment (using FibroScan) were performed at the beginning and at the end of therapy.

Results: Pre-treatment ALT activity, GGT activity and AFP concentration in patients with CHC were directly as-
sociated with the stage of liver fibrosis. Elimination of HCV after DAA treatment caused significant reduction in 
serum GGT activity and was not associated with pre-treatment liver fibrosis. AFP concentration was significantly 
lower after treatment. It was observed regardless of pre-treatment AFP concentration, but the largest reduction 
was demonstrated in the group of patients with advanced fibrosis. In multivariate analysis there was no signifi-
cant difference in GGT activity after treatment only in patients with pre-treatment normal AFP concentration and 
advanced liver fibrosis.

Conclusions: Patients who after achieving a sustained virological response (SVR) did not lower both AFP con-
centration and GGT activity may have higher risk of HCC development. Special monitoring may be required in 
patients with advanced liver fibrosis and normal AFP concentration before treatment.
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Introduction

Hepatitis C virus (HCV) infection is a  significant 
epidemiological problem. According to World Health 
Organization (WHO) data, it is estimated that more 

than 71 million people in the world are infected with 
HCV [1], of which around 7 million are in Europe [2]. 
Epidemiological studies conducted in Poland revealed 
that HCV infection occurs in 0.5% of the population, 
which is about 150,000 adult inhabitants [3]. 
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Although the virus has been known since 1989, it 
is still one of the main causes of mortality associated 
with liver diseases. In the natural course of HCV in-
fection, 20-30% of infected patients will suffer from 
liver cirrhosis after 20-30 years of infection [4]. Fur-
thermore, each year approximately 1-8% of those cir-
rhotic patients will develop hepatocellular carcinoma 
(HCC). The risk of HCC development is about 15-20 
times higher in patients with HCV infection compared 
with the healthy population [5]. Prognosis in HCC is 
one of the worst among all cancers [6]. Worldwide, 
HCC is the second leading cause of cancer death in 
men and the sixth in women. HCV infection is largely 
responsible for the overall increase in HCC incidence 
in developed countries in recent years [7].

Successful antiviral therapy plays a crucial role in 
the prophylaxis of HCC in HCV infected patients. 
After successful treatment, the risk for HCC develop-
ment is much lower, although it does not disappear 
completely [5, 8, 9]. Patients who achieved a sustained 
virological response (SVR) also have a  lower overall 
mortality rate, reduction of fibrosis and fewer extra-
hepatic manifestations. Current therapeutic strate-
gies guarantee over 90% rate of SVR, regardless of 
pre-treatment liver fibrosis or HCV genotype. Due to 
extensive use of direct acting antiviral agents (DAA), 
we can expect that HCV-related HCC incidence will 
be diminishing in the following years, but there is still 
constant risk for HCC development even 10 years after 
antiviral treatment [5, 9, 10].

The most popular marker for HCC is α-fetoprotein 
(AFP). Elevated AFP concentration is observed in 
chronic viral hepatitis, liver cirrhosis, primary biliary 
cholangitis, obstructive jaundice and alcohol-related 
liver disease [11]. It is suspected that elevated AFP 
concentration in those diseases is an effect of inflam-
mation, necrosis and damage of hepatocytes [12]. The 
highest correlation is observed in HCV infection, 
probably because viral core proteins cause activation 
of AFP production through activation of transcription.

Reduction in AFP concentration in patients with 
chronic hepatitis C (CHC) was observed after IFN-
based treatment [5, 12]. It has been established that 
HCC is statistically more frequent in patients who after 
successful IFN-based therapy did not achieve low AFP 
values (< 20 or < 5 ng/ml) [13, 14]. In patients who did 
not achieve SVR, but had a low level of AFP after treat-
ment (< 10 ng/ml), the risk for HCC development was 
significantly reduced, irrespectively of pre-treatment 
fibrosis [15]. 

In patients with advanced liver fibrosis, higher ac-
tivity of γ-glutamyl transpeptidase (GGT) was found 
[16]. Many previous studies proved that higher activity 

of GGT before treatment was linked to lower proba-
bility of SVR [17-20]. Furthermore, elevated GGT 
before treatment, even in non-cirrhotic patients who 
achieved SVR after IFN + RBV-based regimen, was 
linked to higher risk of HCC development [21].

γ-glutamyl transpeptidase is an enzyme located on 
outer surface of the cell membrane, present in nearly 
every cell, especially in the liver. It catalyses transfer 
of gamma-glutamyl groups from glutathione to amino 
acids and dipeptides, ensures continuous cysteine sup-
ply in cells and intracellular synthesis of glutathione. 
Glutathione is the most powerful, most common, most 
universal and most important intracellular antioxi-
dant. It is proven that serum GGT activity is directly 
proportional to the level of oxidative stress [22]. Ele-
vated serum GGT activity is associated with increased 
risk of cardiovascular complications, diabetes, arteri-
al hypertension, as well as increased overall mortality 
and elevated risk of cancer, especially prostate, breast 
and liver cancer [23]. GGT is commonly used in di-
agnostics of liver diseases, mainly alcohol-related liv-
er disease and cholestatic liver diseases. However, this 
parameter is not routinely measured in patients with 
CHC. 

Patients with advanced liver fibrosis treated for 
HCV infection should be still regularly screened for 
HCC development. Abundant scientific evidence con-
firms the favourable role of SVR in inhibiting the pro-
gression of cirrhosis and therefore diminishing the in-
cidence of HCC. With the introduction of DAA-based 
regimens, the index of SVR is significantly higher. As 
the population of patients achieving SVR will grow, it 
is important to identify patients at higher risk for HCC 
development. Besides known risk factors such as liver 
cirrhosis, age, and ethanol consumption, further stud-
ies are needed to identify more sensitive risk factors 
and biomarkers for HCC. The role of AFP as a basic 
screening strategy is insufficient [5].

In our study we tried to determine whether 
a change in GGT activity may be useful in identifying 
a group of patients with elevated risk of HCC develop-
ment after DAA treatment.

Material and methods

The study population consisted of 111 patients in-
fected with HCV, treated with DAA during 2015-2016 
in the Department of Infectious, Tropical Diseases and 
Hepatology of Medical University of Warsaw and in 
the Department of Internal Medicine and Hepatology 
of the Central Clinical Hospital of the Ministry of the 
Interior and Administration in Warsaw. Characteris-
tics of the study population are shown in Table 1. 
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The study was conducted in accordance with a Pol-
ish therapeutic programme funded by the National 
Health Fund [24]. Adult patients, with detectable HCV 
RNA, who fulfilled therapeutic programme criteria (i.e. 
HCV genotype 1 or 4, anti-HCV positive, confirmation 
of liver fibrosis either in liver histopathology or in elas-
tography) and underwent DAA treatment in study cen-
tres, were included in the study. Exclusion criteria were 
the same as those listed in the therapeutic programme, 
i.e. absent HCV RNA in serum before treatment, de-
compensated cirrhosis Child-Pugh C, alcohol and/or 
drug dependence, pregnancy or breastfeeding [24]. 
Additional exclusion criteria were lack of SVR and de-
velopment of HCC during antiviral treatment. 

Two patients were excluded from the analysis. One 
of them developed HCC during antiviral treatment, 
and the other did not achieve SVR. 

Not all tests were performed in the whole study 
group due to lack of compliance and few laboratory 
errors (haemolysis, lack of diagnostic material).

Laboratory tests [alanine aminotransferase (ALT), 
GGT, AFP] and liver stiffness measurement (using Fi-
broScan) were performed at the beginning and at the 
end of antiviral treatment. 

Alanine aminotransferase activity was measured 
with the photometric method using the COBAS test 
on the day of the beginning and at the end of DAA 
treatment, i.e. after 12 weeks and in 2 cases after  
8 weeks. The assessment was done in 108 patients. The 
normal range was 5-41 U/l.

α-fetoprotein concentration was measured with 
electrochemiluminescence (ECLIA) using the COBAS 
test on the day of the beginning and at the end of DAA 
treatment, i.e. after 12 weeks, in 2 cases after 24 weeks 
and in another 2 cases after 8 weeks. The assessment 
was done in 96 patients. The upper limit of normal was 
8 ng/ml. 

γ-glutamyl transpeptidase activity was measured 
with the enzymatic-colorimetric method using the 
COBAS test on the day of the beginning and at the end 
of DAA treatment, i.e. after 12 weeks and in 2 cases 
after 8 weeks. The assessment was done in 79 patients. 
The normal range was 8-61 U/l. 

Liver fibrosis was assessed in all patients (n = 109). 
Some of the patients had previously had liver biopsy  
(n = 66) with histopathological assessment of fibrosis 
using the METAVIR scale. We assessed liver fibrosis 
with non-invasive elastography using FibroScan in al-
most all patients (n = 105) on the day of the beginning 
of DAA treatment. The cut-offs were as follows: F0:  
< 5 kPa, F1: 5.1-7.0 kPa, F2: 7.1-9.5 kPa, F3: 9.6-12.5 kPa, 
F4: ≥ 12.5 kPa. Stage of fibrosis assessed in liver biop-
sies was consistent with the results of elastography. We 

Table 1. Study group characteristics

Variable

Sex, n (%)

Women 49 (44)

Men 62 (56)

Median age (years) 58 (41-63)

Median BMI (kg/m2) 26.4 (24.2-29.3)

BMI, n (%)

≥ 30 19 (17)

25-30 55 (49.5)

< 25 35 (31.5)

Lack of data 2 (2)

Degree of liver fibrosis, n (%)

F0-2 82 (74)

F3-4 29 (26)

Median albumin concentration (g/dl) 3.76 (3.45-4.03)

Median platelet count (k/μl) 197 (150-247)

Median HCV viral load (IU/ml) 1,010,000
(417,500-2,105,000)

Genotype, n (%)

1 108 (97)

4 4 (3)

Number of previous antiviral therapies, n (%)

0 53 (48)

1 26 (23)

2 17 (15)

3 7 (6)

Unknown, but > 1 8 (7)

Duration of DAA treatment, n (%)

8 weeks 2 (2)

12 weeks 107 (96)

24 weeks 2 (2)

Current treatment, n (%)

Sofosbuvir and ledipasvir 13 (12)

Sofosbuvir and ledipasvir with ribavirin 17 (15)

Dasabuvir, ombitasvir, paritaprevir and ritonavir 53 (48)

Dasabuvir, ombitasvir, paritaprevir and ritonavir 
with ribavirin

25 (22)

Dasabuvir with ribavirin 3 (3)

BMI – body mass index, non-parametric variables presented as frequency (percentages); 
skewed variables presented as median (25-75 percentile).

repeated FibroScan in 101 patients at the end of DAA 
treatment. 

All patients had undetectable HCV RNA at the end 
of treatment and achieved SVR.
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Statistical analysis was conducted with the statis-
tical program Statistica 13.1 (StatSoft Poland). Distri-
bution of studied parameters differed from normal; 
therefore to describe the study group, the medians and 
interquartile ranges were used. Qualitative variables 
were presented as percentages. To compare groups, 
the non-parametric Mann-Whitney U  test was used. 
Wilcoxon’s character pair test was used for related vari-
ables. Due to violation of the assumptions of sphericity, 

normality of distribution and homogeneity of variance, 
multivariate analysis of variance (MONOVA) was used 
to analyse changes over time. The Pillai-Bartlett trace 
was used as the test statistic. The Tukey test was used 
as the post-hoc test for one-dimensional multiple com-
parisons. 

Results

Pre-treatment ALT (p < 0.001) and GGT activities 
(p < 0.05) in patients with CHC treated with DAA 
were positively associated with the stage of liver fibro-
sis. Pre-treatment AFP concentration was normal in 
subgroups with non-advanced fibrosis and increased 
along with stage of hepatic fibrosis (p < 0.001), which 
is demonstrated in Figure 1.

Patients with elevated pre-treatment AFP concen-
tration had significantly up-regulated ALT and GGT 
activities (p < 0.001, p < 0.001 respectively) and higher 
liver stiffness (p < 0.001) compared to those with nor-
mal AFP concentration before therapy. These data are 
presented in Table 2.

It was confirmed in multivariate analysis that 
pre-treatment GGT activity was significantly higher 
in the group of patients with pre-treatment elevated 
AFP and advanced fibrosis compared to the group of 
patients with normal AFP and non-advanced fibrosis. 

Elimination of HCV infection after DAA treatment 
caused a significant reduction in serum GGT activity 
(p < 0.001). GGT activity pre-treatment was 42 U/l and 
post-treatment 16 U/l.

A significant decrease in GGT activity was observed 
in the group of patients with pre-treatment elevated as 
well as normal ALT activity (p < 0.001 in both groups). 
Both patients with pre-treatment elevated and normal 
ALT activity had significantly lower AFP concentration 
after treatment (p < 0.001 in both groups). A significant 
decrease in liver stiffness (p < 0.001) was observed in 
the group of patients with elevated ALT activity.

Changes in GGT activity, AFP concentration and 
liver stiffness after antiviral therapy in groups with 
pre-treatment normal and elevated ALT activity are 
presented in Table 3. 
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Fig. 1. α-fetoprotein (AFP) concentration depending on stage of hepatic 
fibrosis pre-treatment

AFP-1 pre-treatment AFP concentration, fibro-1 – pre-treatment stage of liver fibrosis  
(0 = F0-F2, 1 = F3-F4)

Table 2. Differences in liver stiffness, alanine aminotransferase (ALT), and 
γ-glutamyl transpeptidase (GGT) in groups with pre-treatment normal and 
elevated α-fetoprotein (AFP) concentration

Pre-treatment normal 
AFP concentration  

(n = 79)

Pre-treatment 
elevated AFP 
concentration  

(n = 22)

Pre-treatment

Liver stiffness (kPa) 5.80 (4.45-8.40) 17.30 (11.90-31.60)

ALT (U/l) 47.00 (32.00-62.00) 106.50 (73.00-123.00)

GGT (U/l) 32.00 (21.00-59.00) 88.00 (66.00-146.00)

Variables are presented as median (25-75 percentile).

Table 3. Change in γ-glutamyl transpeptidase (GGT), α-fetoprotein (AFP) and liver stiffness after direct acting antiviral agents (DAA) therapy in groups with pre-
treatment normal and elevated alanine aminotransferase (ALT)

Parameter Pre-treatment normal ALT (n = 31) Pre-treatment elevated ALT (n = 78)

Pre-treatment Post-treatment Pre-treatment Post-treatment

GGT (U/l) 22.50 (15.00-30.00) 13.50 (10.50-16.50) 54.50 (34.50-108.50) 19.00 (15.00-29.00)

AFP (ng/ml) 2.20 (1.70-4.00) 1.90 (1.20-3.30) 4.20 (3.05- 11.95) 3.32 (2.15-5.00)

Liver stiffness (kPa) 4.90 (4.10-7.30) 4.90 (4.50-6.10) 8.40 (5.40-17.10) 6.80 (4.90-14.50)

Variables are presented as median (25-75 percentile).
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A significant decrease in GGT activity after DAA 
therapy was observed in almost all patients and was 
not associated with pre-treatment liver fibrosis. This 
correlation is presented in Figure 2. 

AFP concentration was significantly lower after 
DAA treatment. AFP concentration pre-treatment was 
3.70 ng/ml and post-treatment 3.00 ng/ml (p < 0.001). 
Reduction in AFP concentration at the end of treatment 
was observed in the group of patients with normal as 
well as elevated AFP concentration before treatment.

The largest reduction in AFP concentration was 
noted in the group of patients with advanced fibrosis. 
These data are presented in Figure 3.

Additionally in the subgroup of patients with 
pre-treatment elevated AFP concentration, liver stiff-
ness was significantly lower after DAA treatment  
(p < 0.05). These data are shown in Figure 4.

Furthermore, multivariate analysis, taking into 
consideration change in GGT activity after treatment, 
depending on pre-treatment AFP concentration and 
liver fibrosis was performed. Significant reduction in 
GGT activity after treatment was confirmed in three 
subgroups of patients: 1) with normal AFP concen-
tration and non-advanced liver fibrosis pre-treatment;  
2) with elevated AFP concentration and non-advanced 
liver fibrosis pre-treatment; 3) with elevated AFP con-
centration and advanced liver fibrosis before treatment. 
Only in the subgroup of patients with normal AFP con-
centration and advanced liver fibrosis before treatment 

was there no significant difference in GGT activity after 
treatment. These data are presented in Figure 5.

Discussion 

Elimination of HCV infection leads to reduction of 
the degree of inflammation and stage of liver fibrosis. 
Therefore the risk of development of liver cirrhosis and 
HCC is diminished. GGT is widely used in diagnostics 
of liver disease. Clinical implications of GGT activity 
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Fig. 2. Change in γ-glutamyl transpeptidase (GGT) activity after treatment 
depending on pre-treatment stage of liver fibrosis

GGT-1 – pre-treatment GGT activity, GGT-2 – post-treatment GGT activity, fibro-1 – pre-
treatment liver fibrosis 
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Fig. 3. Change in α-fetoprotein (AFP) concentration after treatment depending 
on pre-treatment stage of liver fibrosis

AFP-1 – pre-treatment AFP concentration, AFP-2 – post-treatment ASP concentration, 
fibro-1 – pre-treatment stage of liver fibrosis 
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treatment in patients with pre-treatment elevated AFP concentration

Fibro-1 – pre-treatment liver stiffness, Fibro-2 – post-treatment liver stiffness
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are still being underestimated, in spite of abundant re-
search on the role of GGT in neoplasms.

In our study, a positive correlation between pre-treat-
ment GGT and ALT activity and stage of hepatic fibrosis 
was demonstrated. Those observations are in concor-
dance with the results of the study of Silva et al. They ex-
amined over 200 liver biopsies of HCV-infected patients 
and proved that GGT activity was elevated in a group 
of patients with advanced fibrosis. They suggested that 
GGT activity may be a biochemical marker of the stage 
of liver fibrosis [16]. In our study, we observed that a sig-
nificant decrease in liver stiffness was observed only in 
the group of patients with elevated ALT activity before 
treatment. However, the pre-treatment result of elastog-
raphy may be falsely overestimated due to elevated ALT 
activity. Therefore GGT activity may be a  more useful 
biochemical parameter for assessment of liver fibrosis. 
Reduction in GGT activity after HCV RNA elimination 
may be an indicator of inhibition of fibrogenesis.

Elevated GGT activity was considered an unfa-
vourable prognostic factor for achieving SVR with 
IFN-based regimens [17-20]. This correlation was not 
observed in our study. All patients treated with DAA 
achieved SVR, irrespectively of pre-treatment GGT ac-
tivity. It probably results from different mechanisms of 
action of those drugs. 

In our study a significant decrease in GGT activity 
after DAA treatment was observed in almost all HCV 
infected patients. GGT activity was significantly lower 

after treatment, both in groups of patients with elevat-
ed and normal ALT activity before treatment, as well as 
in groups of patients with both non-advanced and ad-
vanced liver fibrosis before treatment. Up to now, GGT 
activity has been assessed only in patients treated with 
DAA after liver transplantation, demonstrating an im-
portant reduction in GGT after achieving SVR [25].

It was proven in our study that the pre-treatment 
stage of liver fibrosis did not influence reduction of 
GGT activity after treatment. It may be expected 
that HCV RNA elimination is crucial for change of 
GGT activity. A similar observation was made in the 
HALT-C study, which included patients treated with 
low-dose IFN [17]. Everhart et al. demonstrated that 
higher GGT activity was connected with lower rate of 
SVR, more advanced liver disease and higher risk for 
HCC development. In this study, change in the stage of 
hepatic fibrosis was not linked to change in GGT activ-
ity. The authors suggest that GGT may be a marker of 
activity of the disease and not only of its severity.

Statistically, HCC develops more frequently in pa-
tients who do not have normalized AFP concentration 
after successful IFN-based therapy [13, 14]. Studies 
published on large groups of patients on DAA therapy 
proved that pre-treatment elevated AFP concentration 
is an important risk factor for HCC, even after elimi-
nation of HCV RNA [26, 27]. Up to now, only limited 
research on the reduction of AFP concentration after 
DAA treatment has been published [28]. In our study, 
pre-treatment AFP concentration was directly related 
to the stage of liver fibrosis. AFP concentration after 
DAA treatment was significantly lower, both in sub-
groups with elevated and normal ALT activity before 
treatment as well as in subgroups with non-advanced 
and advanced liver fibrosis before treatment. The larg-
est decrease in AFP concentration after treatment was 
observed in patients with advanced liver fibrosis.

In our study, patients who at the beginning of treat-
ment had elevated AFP concentration also had higher 
ALT and GGT activity and liver stiffness. Yang et al., 
in their study on about 300 HCV-infected patients, 
also observed a positive correlation between ALT ac-
tivity and AFP concentration [29]. Furthermore, in 
our study, there was a clear correlation between GGT 
activity and AFP concentration before treatment. As 
long as ALT is a biochemical marker of the inflamma-
tory activity, GGT may be an indicator of increased 
risk of carcinogenesis, inter alia through oxidative 
stress. In the study of Carr et al. on patients with HCC, 
it was demonstrated that simultaneous analysis of both 
GGT and AFP may be a useful tool in the diagnostics 
of small HCC [30]. Fluctuation of those parameters, 
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Fig. 5. Reduction of γ-glutamyl transpeptidase (GGT) activity after direct acting 
antiviral agents (DAA) treatment depending on pre-treatment α-fetoprotein 
(AFP) concentration and stage of liver fibrosis

GGT-1 – pre-treatment GGT activity, GGT-2 – post-treatment GGT activity, AFP-1 – pre-
treatment AFP concentration, fibro-1 – pre-treatment stage of liver fibrosis 
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even within the normal range, should prompt onco-
logical surveillance.

In a  multivariate analysis, patients with non-ad-
vanced liver fibrosis before treatment, independent-
ly of AFP concentration, had a  significant decrease in 
GGT activity after DAA treatment. In the subgroup of 
patients with advanced liver fibrosis and elevated AFP 
concentration before treatment there was also signifi-
cant reduction in GGT activity. This confirms the ad-
ditional advantage of antiviral therapy in patients with 
advanced liver disease. However, in the subgroup of 
patients with advanced liver fibrosis and normal AFP 
concentration before treatment, there was no significant 
reduction in GGT activity after treatment. It may sug-
gest permanence of a high level of oxidative stress. Con-
sidering the above stated conclusions, it can be assumed 
that the risk of HCC development is elevated in the sub-
group of patients with normal AFP concentration and 
advanced liver fibrosis before treatment, who achieved 
SVR, and who did not achieve a significant decrease in 
GGT activity. This group of patients requires close on-
cological surveillance, especially because a normal AFP 
concentration may entail lower vigilance.

The reduction in GGT activity after DAA treatment 
reflects not only reduction of inflammatory activity and 
liver stiffness, but may also describe not yet identified cel-
lular mechanisms leading to neoplastic transformation.

Our study has several limitations. First of all, the 
study did not include information on possible coin-
cidence of features of metabolic syndrome the (either 
clinical or laboratory) or other pathological processes 
which could affect GGT activity, e.g. cholestasis, drug 
toxicity. Analysis of reasons for pre-treatment in-
creased GGT activity was not the aim of our work. We 
tried to determine some of the clinical implications of 
change in GGT activity during treatment. We did not 
take into account possible coincidence of non-alcohol-
ic fatty liver disease (NAFLD), which is currently the 
most common liver disease. Because of the short dura-
tion of therapy (≤ 12 weeks in 98% of the patients), we 
assumed that significant change of the abovementioned 
factors influencing GGT activity was improbable.

Secondly, although in the study group characteris-
tics, there is scarce information on laboratory markers 
of liver function, only class A and B Child-Pugh pa-
tients were included. Finally, we did not include long-
term observation after DAA treatment, which we are 
hoping to perform in the following studies. 

Conclusions

Our research showed that patients who, after 
achieving an SVR, did not exhibit reductions in both 

AFP concentration and GGT activity may have higher 
risk of HCC development. 

Special oncological monitoring may be required in 
the group of patients with advanced fibrosis and nor-
mal AFP concentration before treatment. 

Further studies on the dynamics of changes in GGT 
activity after antiviral treatment may be useful in iden-
tifying a group of patients requiring close oncological 
surveillance. 
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