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Abstract: Inconsistent findings have emerged concerning the prognostic value of serum gamma-glutamyltransferase
(GGT) in patients with hepatocellular carcinoma (HCC). The current meta-analysis aimed to evaluate the prognostic
value of serum GGT in HCC patients. Eligible studies were identified through a search of PubMed, Web of Science,
and Embase databases, from inception to May 2018. Only studies reporting the association of elevated serum GGT
levels with overall survival (OS) and recurrence-free survival (RFS) in HCC patients were included. Hazard ratios (HR)
and 95% confidence intervals (Cl) were pooled for high versus low serum GGT levels as effective measures. Twelve
studies, with 2,621 HCC patients, were identified and analyzed. The present meta-analysis showed that HCC pa-
tients with elevated serum GGT levels were significantly associated with poor OS (HR 2.05; 95% Cl, 1.78-2.37) and
RFS (HR 1.60; 95% CI 1.39-1.85). Subgroup analysis yielded similar prognostic values for OS in different cut-off val-
ues of serum GGT, sample sizes, and treatment method groups. Results suggest that elevated serum GGT levels are
independent predicators of poor survival and disease recurrence in HCC patients, especially for Chinese patients.
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Introduction needs in the identification of additional prog-

nostic biomarkers, particularly circulating bio-

Liver cancer is the sixth most frequent malig-
nant tumor and the third leading cause of can-
cer-related mortality [1]. Approximately 90% of
all primary liver cancers are hepatocellular car-
cinoma (HCC) [2, 3]. Despite dramatic improve-
ments in treatment and surveillance sched-
ules, prognosis of HCC patients remains poor
due to a lack of precise markers of tumor recur-
rence and distant metastasis [4]. Five-year sur-
vival rates of HCC patients are around 5% to 6%
[5]. These patients should receive more active
treatment. Development of new prognostic bio-
markers is very important for improvement of
outcomes in HCC patients. However, current
clinical uses of prognostic biomarkers for HCC
are imperfect [6]. Therefore, there are unmet

markers for prognosis and recurrence of HCC.

Gamma-glutamyltransferase (GGT) is a mem-
brane-bound enzyme involved in glutathione
metabolism [7]. Serum GGT has been recog-
nized as a well-known biological biomarker of
hepatic dysfunction, alcohol consumption,
acute/chronic liver disease, and oxidative
stress [8]. A growing number of studies have
reported that HCC patients with elevated serum
GGT levels are associated with poor overall sur-
vival (0S) and/or early recurrence [9]. However,
inconsistent findings have emerged concerning
the value of GGT in predicting OS in HCC [10-
12]. Furthermore, reported risk estimates have
varied across studies, due to different demo-
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evant articles.
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meta-analysis met the follow-
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1 Conference abstracts
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> 6 Exposure reported was not of interest

1 Original article unavailable

1 Obvious wrong data reported
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ing inclusion criteria: 1) Enro-
lled patients with HCC; 2) Mea-
surement of serum GGT level
before and after treatment of
HCC; 3) Evaluation of OS and
RFS based on GGT cutoff val-
ues; and 4) Reported multivari-
able adjusted hazard ratios
(HR) and 95% confidence inter-
vals (Cl) for OS or RFS. OS was

A

defined as the interval between

Studies included in the meta-analysis (n=12)

medical treatment and the
death date or last follow-up.

Figure 1. Flowchart of the study selection process.

graphic features, clinicopathologic characteris-
tics, follow-up durations, or cutoff values of
GGT.

To the best of our knowledge, there are no pre-
vious reviews and meta-analyses assessing
the relationship of serum GGT levels and prog-
nosis of HCC. Thus, the current study attempt-
ed to evaluate the prognostic value of elevated
serum GGT for OS and recurrence-free survival
(RFS) in patients with HCC through meta-
analysis.

Materials and methods
Literature search

The present meta-analysis was conducted in
accordance with guidelines of the Meta-
Analysis of Observational Studies in Epide-
miology [13]. Two independent authors con-
ducted a comprehensive literature search
using PubMed, Embase, and Web of Science,
up to May 2018. The literature search was
based on combinations of the following key-
words: “gamma-glutamyltransferase” OR “y-
Glutamyltransferase” AND “liver cancer” OR
“liver neoplasm” OR *“hepatic cancer” AND
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RFS was calculated from the
date of treatment and recur-
rence. Exclusion criteria includ-
ed: 1) Conference abstracts
and case-control or case-cohort designs; 2)
Follow-up durations of less than 1 year; 3)
Reported unadjusted risk estimates; and 4)
Reported risk estimates based on continuous
GGT levels.

Data extraction and quality assessment

Two authors, independently, extracted data
from the selected articles using a standardized
form. The following items were extracted: first
author’'s name, year of publication, origin of
study, study design, type of HCC, sample size,
percentage of men, mean/median age of
patients, treatment type, GGT cutoff value,
duration of follow-up, and adjustment vari-
ables. The methodological quality of each study
was assessed using the Newcastle-Ottawa
Scale (NOS) for cohort studies, with a maximum
score of 9 stars [14]. Studies achieving a total
of 6 stars or more were deemed as high quality
studies. Any disagreements regarding data
extraction and quality assessment were
resolved by validation with a third author.

Data synthesis and analyses

Reported multivariable adjusted HRs and cor-
responding 95% Cls were used to pool the prog-
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Table 1. Characteristics of individual studies in the meta-analysis

. ) . Sample Mean/median Treatment Outcome measures/ Adjustment for Overall
Author/year Region Design Patients ) 2 / GGT cutoff Follow up N / Adj )
size (% men) age (years) type HR (95%Cl) covariates NOS

Juetal. 2009 [17] China  Retrospective Hepatitis B 290 (NR) NR SR 60 U/L 26.8 months 0S: 2.09 (1.39-3.17) Multivariate 6
virus-related HCC analysis

Zhang et al. 2011 [18] China  Retrospective Intermediate HCC 277 (87.7) 54 (1285) TACE 50 U/L 18.7 months 0OS: 1.74 (1.15-2.64) Multivariate 6
analysis

Guiu et al. 2012 [19] France Retrospective HCC 88 (80.7) 68.2+ 10 TACE 165 U/L 12.4 months 0S: 3.05 (1.12-8.30) Multivariate 5
analysis

Zhao et al. 2012 [20] China  Retrospective Multinodular HCC 162 (82.7) 50.2 (2776) SR 64 U/L 38.3 months 0S: 3.79 (1.48-9.96) Multivariate 5
analysis

Nishikawa et al. 2013 [11] Japan Retrospective Naive HBV 74 (66.2) 62 (3284) AT 50 U/L 3.4years RFS:2.94(1.31-6.60) Multivariate 5
related HCC analysis

Chen et al. 2014 [21] China  Retrospective Intermediate HCC 154 (53.9) 55 (23-71) TACE, RT 85 U/L 60 months 0S:2.32 (1.13-3.64) Multivariate 7
analysis

Xu et al. 2014 [22] China  Retrospective HCC 139 (80.8) 53.5 (2480) SR 115 U/L 2.91years 0S:1.67 (1.05-2.67) Multivariate 6
analysis

Ma et al. 2014 [23] China  Retrospective HCC 254 (77.2) NR RFA 75 U/L 27 months  0S: 1.95 (1.05-3.64); Multivariate 6
RFS: 1.64 (1.13-2.38)  analysis

Song et al. 2015 [24] Japan Retrospective Single primary 384 (79.4) 65 (1985) SR 100 U/L (0S); 57.5 months 0S: 1.77 (1.09-2.90); Multivariate 7
HCC 50 U/L (RFS) RFS: 1.37 (1.03-1.82)  analysis

Wu et al. 2016 [25] China  Retrospective HBV-related HCC 469 (84) 48 (1781) SR 81.5U/L 42 months  0S: 2.38 (1.60-3.52); Multivariate 7
RFS: 1.68 (1.29-2.20)  analysis

Fu et al. 2016 [26] China  Retrospective HCC 308 (88.6) 51 (21-79) SR 88 U/L 29 months  0S: 2.04 (1.51-2.77); Multivariate 7
RFS: 1.62 (1.22-2.14)  analysis

Chang et al. 2016 [27] China  Retrospective Hepatitis C virus- 110 (67.2) 67.6 (24-83) TACE 50 U/L 20 months  0S: 2.26 (1.20-4.28) Multivariate 6
related HCC analysis

Abbreviation: HCC, hepatocellular carcinoma; GGT, y-glutamyl transferase; RFA, radiofrequency ablation; LT, liver transplantation; TACE, transcatheter arterial chemoembolization; SR, surgical resection; RT, radiotherapy; AT, antiviral therapy;
0S, overall survival; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; NR, not reported; NOS, Newcastle-Ottawa scale.
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included trials are presented in
Table 1. All included studies
were retrospectively designed.
Included studies were pub-
lished from 2009 to 2016 and
conducted in China [17, 18,
20-23, 25-27], Japan [11, 24],
and France [19]. Sample sizes
of included studies varied from
74 to 469. Six studies [17, 20,
22, 24-26] enrolled patients
with surgical resections, three

A 1

Figure 2. Forest plots showing HR and 95% CI of overall survival for high
versus low serum gamma-glutamyltransferase in a fixed-effects model.

nostic value of GGT for HCC patients. He-
terogeneity of risk estimates across studies
were tested using the Cochrane Q statistic
(p<0.10 indicates statistically significant het-
erogeneity) and the [ statistic (=50% sug-
gests statistically significant heterogeneity). A
random-effects model was applied to pool
the effects estimate in the presence of he-
terogeneity. Otherwise, a fixed-effects model
was selected. To evaluate publication bias,
both Begg's rank correlation test [15] and
Egger’s linear regression test [16] were con-
ducted, with p<0.10 indicating statistical sig-
nificance. Sensitivity analysis was conducted
by excluding one study at a time. Subgroup
analyses were performed by sample sizes,
treatment methods, follow-up durations, GGT
cutoff values, and NOS scores. All statistical
analyses were performed with STATA 12.0
(STATA Corp LP, College Station, TX, USA).

Results
Search results and study characteristics

Briefly, a total of 476 potentially relevant arti-
cles were identified using abovementioned
search strategies. After scanning titles and
abstracts, 428 articles were removed. Sub-
sequently, the remaining 48 articles were
retrieved for detailed evaluation of the full
texts. Finally, a total of 12 articles [11, 17-27]
were included in the meta-analysis. Figure 1
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studies [18, 19, 27] includ-
ed patients with transcathe-
ter arterial chemoembolization
(TACE), one study [21] enrolled
patients with both TACE and
radiotherapy, and one study [23] enrolled
patients with radiofrequency ablation. Eight
studies [17, 18, 21-27], achieving 6 to 7 NOS
stars, were judged as high quality.

Impact of serum GGT on survival in HCC pa-
tients

Eleven studies [17-27] reported data on serum
GGT and OS in HCC patients. As shown in Figure
2, pooled results show that elevated serum
GGT was associated with poorer OS (HR 2.05;
95% Cl 1.78-2.37), in a fixed-effects model,
when compared with low serum GGT. There was
no heterogeneity across studies (1>=0%; p=
0.908). Sensitivity analyses indicated few
changes in the pooled summary measures
when any one study was removed. Begg’s test
(p=0.244) and Egger’s test (p=0.479) did not
indicate evidence of publication bias. Table 2
summarizes results of subgroup analyses
based on treatment methods, sample sizes,
GGT cut-off values, follow-up durations, and
NOS scores.

Impact of serum GGT on relapse in HCC pa-
tients

Five studies [11, 23-26] provided results of
serum GGT and RFS in HCC patients. As shown
in Figure 3, combined data reveals that elevat-
ed serum GGT was associated with RFS (HR
1.60; 95% CI 1.39-1.85), in a fixed-effects

Int J Clin Exp Med 2019;12(2):1382-1389
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Table 2. Subgroup analyses on overall survival

Subgroup No. of studies Pooled hazard ratio 95% confidence interval Heterogeneity between studies
Sample sizes

>200 5 2.18 1.63-2.90 p=0.552; I>=0.0%

<200 6 2.01 1.70-2.38 p=0.915; 1>=0.0%
Region

China 2 2.06 1.77-2.40 p=0.877; 1>=0.0%

Others 9 1.97 1.27-3.05 p=0.339; I>=0.0%
Treatment type

TACE 3 1.98 1.43-2.75 p=0.535; 1>=0.0%

SR 6 2.06 1.73-2.45 p=0.663; I>=0.0%
GGT cutoff value

>80 U/L 5 2.06 1.71-2.47 p=0.789; 1°=0.0%

<80 U/L 6 2.04 1.61-2.59 p=0.678; I°’=0.0%
Follow-up duration

>3 years 4 2.25 1.74-2.93 p=0.540; 1°=0.0%

<3 years 7 1.97 1.66-2.34 p=0.932; I°=0.0%
NOS

>6 stars 9 2.01 1.73-2.32 p=0.964; 1>=0.0%

<6 stars 2 3.42 1.71-6.82 p=0.758; I>=0.0%

Abbreviations: GGT, y-glutamyl transferase; TACE, transcatheter arterial chemoembolization; SR, surgical resection; NOS,

Newcastle-Ottawa Scale.

Study % studies. The principal findings
D HR(@5%C)  Weight of this meta-analysis suggest
that elevated serum GGT is
; independently associated with
Nishikawa et al. (2013) — e 284(131,660) 320 poor OS and RFS in HCC
Ma et al. (2014) —0-— 1.64 (1.13,2.38) 15.09 patients' HCC patients Wlth
| elevated serum GGT levels sig-
Song et al. (2015) —-'—v— 1.37(1.03,1.82) 25.83 niﬁcantiy increased by 105%
Fu et al. (2016) __.._ 1.62(1.22,2.14) 2651 and 60% regarding risk of
Wuetal, (2016) : 168(129,220) 2938 death and disease recurrence,
‘ compared to patients with low
Overall (l-squared = 0.0%, p = 0.482) <> 1.60 (1.39, 1.85)  100.00 GGT levels Sensitivity analy-
sis, removing an individual
: study each time, confirmed the

152 1 stability of pooling results.

Figure 3. Forest plots showing HR and 95% CI of recurrence-free survival for
high versus low serum gamma-glutamyltransferase in a fixed-effects model.

model, with no heterogeneity across studies
(>=0%; p=0.485). Sensitivity analyses showed
that the pooled risk estimate did not signifi-
cantly change when removing any one included
study. No significant publication bias was
observed, according to Begg’s (p=0.806) and
Egger’s tests (p=0.131).

Discussion

Present results were obtained by analyzing
data on 2,621 HCC patients in 12 retrospective
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Subgroup analyses revealed
that elevated serum GGT was
significantly associated with
poor OS in HCC treated by surgical resections
or TACE. Increased serum GGT levels causing
risk of overall mortality was similar in patients
that underwent hepatic resections or TACE. A
close association between elevated serum GGT
levels and OS was found in the subgroup with
follow-up times of more than 3 years. However,
no significant differences were observed in dif-
ferent sample sizes or GGT cutoff value sub-
groups. Results of subgroup analyses further
confirmed that HCC patients with elevated

Int J Clin Exp Med 2019;12(2):1382-1389
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serum GGT levels had poorer survival. In a
case-cohort study of 5,555 middle-aged
Taiwanese men, elevated serum GGT (>51 U/L)
was independently associated with HCC-
specific mortality [28]. Furthermore, serum
GGT levels were a useful tool when continuous
variables were used [29-31]. In addition to OS,
the present meta-analysis indicates that ele-
vated serum GGT is an independent predictor
of RFS. HCC patients with high levels of GGT
had a greater risk of early recurrence. Analysis
of serum GGT levels by continuous variables
also supported the significant prognostic sig-
nificance on relapse.

GGT is routinely tested as a traditional liver
function marker. A well-designed meta-analysis
showed that elevated serum GGT was indepen-
dently associated with an increased risk of car-
diovascular, cancer-related, and all-cause mor-
tality in the general population [32]. Serum GGT
elevation can be observed in patients with
hepatitis, liver cirrhosis, or primary or second-
ary liver cancer. Abnormal GGT expression has
been found in several human tumors [33].
Elevated serum GGT levels also act as indepen-
dent prognostic indicators of poor prognosis in
patients with esophageal squamous cell carci-
noma [34], nonmetastatic renal cell carcinoma
[35], metastatic breast cancer [36], ovarian
cancer [37], and endometrial cancer [38].

The prognostic mechanisms of GGT in HCC,
however, have not been fully elucidated. One
possible explanation is that oxidative stress
may mediate the roles of GGT in tumorigenesis
[39]. Elevated serum GGT levels have been cor-
related with microvascular invasion of HCC.
Therefore, circulating GGT levels may be asso-
ciated with HCC progression. Tumor recurrence
and hyperplasia adversely affect liver function.
Moreover, GGT may be linked to the degree of
malignancy of HCC.

The current meta-analysis had several limita-
tions. First, all included studies were retrospec-
tively designed in a single-center conduction.
This may have increased potential selection
bias and recall bias. Second, cutoff values of
GGT elevation were not unified and varied from
50 to 165 U/L across included studies.
Different cutoff values of GGT across studies
might be correlated to assay methods or sam-
pling time. A definitive GGT cutoff value based
on future well-designed studies is highly recom-
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mended. Third, this study failed to perform sub-
group analysis according to the clinicopatho-
logic data of selected patients, particularly for
etiological factors of HCC. Fourth, most includ-
ed studies were from China, a predominantly
HBV endemic area. Thus, application of current
results in other regions should be interpreted
with caution.

Fifth, detailed results on the association of GGT
with OS were not provided in the original stud-
ies with negative findings [11]. Thus, pooling HR
may have overestimated the actual risk
estimate.

In conclusion, the current meta-analysis pro-
vides evidence that elevated serum GGT is an
independent predicator of poor survival and
disease recurrence in HCC patients. Future
well-designed studies are necessary to investi-
gate the underlying mechanisms of GGT eleva-
tion on poor prognosis of HCC. More important-
ly, the prognosis of HCC patients is dependent
on both tumor and liver factors. Thus, a combi-
nation of GGT with other factors may be a prac-
tical way to improve prognosis.
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