
Page 1 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(1):17 | http://dx.doi.org/10.21037/atm-20-1616

High serum gamma-glutamyl transpeptidase concentration 
associates with poor postoperative prognosis of patients with 
hepatitis B virus-associated intrahepatic cholangiocarcinoma
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Background: Intrahepatic cholangiocarcinoma (ICC) caused by chronic hepatitis B virus (HBV) infection 
has become prominent. Prospectively stratifying postoperative risk factors is a challenging task.
Methods: We retrospectively assessed the relationship between serum gamma-glutamyl transpeptidase 
(GGT) concentration and postoperative outcomes in 107 subjects with HBV-associated ICC. Cox 
proportionate hazard models and subgroup analyses were used to test the hypothesis with adjustment for 
potential confounders.
Results: Serum GGT concentration was negatively correlated with postoperative outcomes. For a 
1-standard deviation (per-SD) (117 μ/L) increase of serum GGT concentration, the relative risk (RR) for 
overall survival (OS) and time to recurrence (TTR) were 1.72 [95% confidence interval (CI), 1.37 to 2.16] 
and 1.53 (95% CI, 1.22 to 1.91), respectively. In addition, the RRs of middle and top tertiles of GGT for 
death were 1.81 (95% CI, 0.98 to 3.32) and 3.56 (95% CI, 1.97 to 6.42), respectively (P for trend <0.001). 
Similarly, the RRs for recurrence of the corresponding tertiles were 1.70 (95% CI, 0.93 to 3.10) and 3.27 
(95% CI, 1.77 to 6.06), respectively (P for trend =0.002). In our study, the negative correlation between 
serum GGT levels and OS did not differ significantly between groups stratified by age, sex, HBV DNA level, 
carbohydrate antigen 19-9 (CA19-9) level and liver resection type (all P for interaction >0.05); however, 
there was a significant interactive effect of serum GGT and adjuvant chemotherapy on OS (RR =0.64 vs. 1.77, 
P for interaction =0.04).
Conclusions: High serum GGT concentration is associated with an increased risk of postoperative 
death and tumor recurrence in patients with HBV-associated ICC. However, this relationship became less 
significant with the implementation of adjuvant chemotherapy.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary hepatic malignancy after hepatocellular 
carcinoma (HCC), representing 10–15% of primary 
hepatic malignancies and its prevalence is constantly rising 
worldwide (1). Currently, surgical treatment is the only 
curative therapy for ICC, so if a patient has a potentially 
resectable tumor, it is the preferred treatment (2).  
Unfortunately, rates of recurrence or metastasis after 
radical resection are reported as high as 60–65% (3). This 
may explain why 5-year survival rate has not improved 
significantly in this decade (4).

Therefore, biomarkers that can indicate postoperative 
outcomes may have important clinical significance for 
guiding treatment, adjuvant therapy, and follow-up 
strategies.

Recently,  several  epidemiological  studies  have 
suggested the correlation between serum gamma-glutamyl 
transpeptidase (GGT) concentration and the prognosis of 
various types of cancers (5), including ICC (6-8). In this 
study, we focus on patients with hepatitis B virus (HBV)-
associated ICC because chronic HBV infection or HBV-
associated cirrhosis have been reported by many studies 
to play an important role in the development of ICC, 
especially where HBV is endemic (9,10). In addition, ICC 
caused by HBV infection differs from other etiologies 
markedly in tumor origin, tumor microenvironment, 
oncogenic signaling pathway, biological characteristics, and 
can lead to different postoperative outcomes (8,9,11,12). 
Thus, it is meaningful to evaluate the correlation between 
GGT and this specific carcinoma.

To work out this knowledge gap, we retrospectively 
analyzed the relationship between serum GGT and 
postoperative outcomes in a cohort of patients with 
HBV-associated ICC. Particularly, we conducted a series 
of sensitivity analyses to verify this hypothesis. To our 
knowledge, this is the first epidemiologic investigation that 
provides reliable observational evidence on the role of GGT 
in the postoperative prognosis of HBV-associated ICC.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1616).

Methods

Ethics approval and consent to participate

This study retrospectively evaluated patient data from 

our electronic medical record database, and all patient 
identities were anonymized before analyses. The study 
protocol was approved by the Zhongshan Hospital 
Research Ethics Committee (Y2017-250) and individual 
consent for this retrospective analysis was waived. The 
entire study process complied with the ethical guidelines 
of the 1975 Declaration of Helsinki (as revised in Brazil in 
2013).

Study population

We obtained the patients’ data from electronic medical 
record database in the Department of Liver Surgery, 
Zhongshan Hospital. We defined HBV-associated ICC as 
seropositivity for hepatitis B surface antigen (HBsAg) or 
hepatitis B core antibody (HBcAb) while being diagnosed 
as ICC, because these two indicators are often used to 
indicate chronic hepatitis B infection (13). Adult patients 
who underwent surgery for HBV-associated ICC from 
January 2006 to December 2010 and had complete 
follow-up data were identified. We enrolled participants 
who also met the following criteria: (I) without history 
of other malignancies, (II) no evidence of distant tumor 
metastasis, (III) no preoperative anticancer treatment, (IV) 
macroscopic curative resection with negative margins, 
(V) histopathologically confirmed ICC. Figure 1 shows 
complete exclusion process of this study. Finally, a total of 
107 patients were included.

Assessment covariates

Based on previously published literatures regarding covariates 
affecting the prognosis of hepatobiliary tumors, we extracted 
patients’ baseline characteristics including demographics, 
liver function-related indicators, and serum tumor markers. 
Additionally, we collected tumor-related parameters, such as 
tumor size, number, location, capsule, microvascular invasion, 
lymph node metastasis and histologic differentiation. Finally, 
information on resection type and postoperative adjuvant 
chemotherapy were also included.

Detailed data on patients’ baseline characteristics were 
obtained at the time of admission. Serum creatinine, total 
bilirubin (TB), alanine aminotransferase (ALT), GGT 
and albumin were measured using automatic clinical 
analyzers (Beckman Coulter) at the core laboratory of the 
Zhongshan hospital. The serum HBV-DNA level was 
quantified by PCR (ABI 7300, Applied Biosystems, Foster 
City, CA, USA) with a quantification linear range from 
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1,000 to 2,000,000 IU/mL. For patients with HBV DNA  
>103 IU/mL, antiviral therapy was performed and re-
evaluated at follow up to maintain the viral replication at a 
low level. Briefly, patients with good general performance, 
adequate liver function reserve, technically resectable 
tumors and without distant metastasis were recommended 
for operation after discussion by the surgery team.

Tumor size, number, location and resection type 
were acquired from operation records. Tumor capsule, 
microvascular invasion, lymph node metastasis and 
histologic differentiation were evaluated using postoperative 
histopathological reports. The histopathological diagnosis 
of ICC was based on the 2000 version of the World Health 
Organization classification. Histologic grade was assessed 
according to the Edmondson-Steiner grading system based 
on the highest grade in the specimen. After the operation, 
some patients received adjuvant chemotherapy according 
to their wishes. This therapy mainly consists of intra-
venous administration of gemcitabine at a standard dose of  
1,000 mg/m2 and cisplatin at a standard dose of 100 mg/m2, 
every 2 weeks (GEMOX) with possible dose adjustments. 
Since we only enrolled patients with radical resection, no 

study cases received adjuvant radiotherapy.

Follow up and outcomes

In current study, we reported perioperative complications, 
according to the Clavien-Dindo standardized classification 
system, which was recommended for retrospective studies 
in its current form (14). After discharge, all patients were 
regularly followed up in our hospital every 3 months for the 
first 2 years and every 6 months thereafter. The routine follow-
up investigations included a detailed history and a complete 
physical examination. In addition, serum tumor markers, 
liver function tests, and abdominal ultrasound were also 
carried out. Contrast-enhanced computed tomography and/
or magnetic resonance imaging were performed once every 
6 months or earlier when tumor recurrence or metastasis was 
suspected. The primary outcome was overall survival (OS) 
and the secondary outcome was time to recurrence (TTR). 
OS was defined as the time from the operation to confirmed 
death from all causes. TTR was calculated from surgery to the 
date when recurrence/metastasis was diagnosed. Data were 
summarized at the end of December 2015.

107 patients were included in the current study

118 patients were initially included in cohort

137 patients with HBV associated ICC received operation

245 adult patients with primary ICC received 
surgical resection and had complete follow up data 

between 2006 and 2010

108 were excluded
• 2 patients have a history of chronic pancreatitis;
• 54 patients without HBV infection;
• 18 patients combined with other known risk factors for ICCa;
• 13 patients combined with HCV infection;
• 21 patients received preoperative anticancer therapy

19 were excluded
• 10 patients with combined type carcinoma consisting of 

HCC and ICC; 
• 4 patients with positive surgical margin;
• 5 patients received palliative surgical resection

11 were excluded
• 5 patients with incomplete data;
• 6 patients were lost to follow-up

Figure 1 The study flow chart. a, these diseases are considered to be the known risk factors for ICC: liver fluke infection, primary sclerosing 
cholangitis and hepatolithiasis. ICC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, 
hepatitis C virus.
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Statistics

The relationship between serum GGT concentration 
and the risk of outcomes was evaluated with the use of 
serum GGT concentration as both a continuous variable 

[1 standard deviation (per SD)] and a categorical variable 
(tertile). In addition, HBV DNA, carbohydrate antigen 19-9 
(CA19-9) and alpha-fetoprotein (AFP) were categorized by 
clinical references to be calculated for relative risk (RR) and 
adjusted in the multivariate analysis.

We first described patients’ baseline characteristics  
(Table 1). Then, we adopted univariate analysis (Table S1) 
and correlation analysis (Figure S1) to explore the potential 
confounders. Next, we adopted the Cox proportional hazards 
models adjusted for different confounders to estimate the 
independent relationship between serum GGT concentration 
and postoperative outcomes (Table 2). The “E-value”, 
a new measurement related to evidence for causality in 
observational study, is calculated by online website (https://
www.evalue-calculator.com). The effects of baseline serum 
GGT concentration (tertile) on OS and TTR were also 
validated with the use of Kaplan-Meier curves (Figure 2). 
Subgroup analysis was used to examine the robustness of the 
primary results on the basis of pre-specified variables and 
compared the heterogeneity of results across subgroups using 
likelihood ratio test (Figure 3). Finally, we used chi-square 
test to compare the incidence of complications in different 
concentration of GGT groups (Table 3).

All data were double entered and then exported to tab-
delimited text files. Analyses were conducted by R version 
3.4.0 (http://www.R-project.org), using two-sided tests with 
a significance level of 0.05.

Results

Study characteristics

As shown in Figure 1, a total of 107 patients are included in 
the present study and their characteristics were outlined in 
Table 1. The median age of the patients was 51 [inter-quartile 
range (IQR), 46–61] years. Of them, 72 (67.3%) patients 
were men and 14 (13.1%) patients were found to have 
cirrhosis. A majority of patients (79.4%) had detectable 
serum HBV DNA (>103 units/mL) and then received 
antiviral therapy after admission. Micro tumor thrombus 
and hilar lymph node metastasis were detected in 22 (20.6%) 
and 10 (9.35%) patients, respectively. Overall, the median 
baseline serum GGT concentration of the patients was 59 
(IQR, 32–120) μ/L and the SD was 117 μ/L.

Multivariate analysis

Multivariate analysis showed serum GGT concentration 

Table 1 Patients’ clinicopathological characteristics#

Variables Value 1 Value 2

Age, years 51 [46–61] 53 [11]

TB (μmol/L) 12.5 [10.2–16.6] 14 [6.5]

Prothrombin time (s) 11.6 [10.9–12.5] 11.7 [1.1]

Serum albumin (g/L) 44.0 [39.0–46.0] 43 [5]

Glutamic pyruvic 
transaminase (μ/L)

34 [23–50] 47 [47]

GGT (μ/L) 59 [32–120] 102 [117]

Tumor size (cm) 5.8 [4.0–7.5] 6.1 [2.6]

Sex (male vs. female) 72 vs. 35 67.3 vs. 32.7

Cirrhosis (positive vs. 
negative)

14 vs. 93 13.1 vs. 86.9

HBV DNA, copies/mL (≤103 

vs. >103)
22 vs. 85 20.6 vs. 79.4

CA19-9, μ/mL (≤37 vs. >37) 52 vs. 55 48.6 vs. 51.4

AFP, ng/mL (≤20 vs. >20) 82 vs. 25 76.6 vs. 23.4

Tumor number (solidary vs. 
multiple)

100 vs. 7 93.5 vs. 6.5

Tumor location (single lobe 
vs. multiple lobes)

91 vs.16 85.0 vs. 14.5

Liver resection (local vs. 
anatomical)

44 vs. 63 41.1 vs. 58.9

Tumor capsule (negative vs. 
positive)

92 vs. 15 86.0 vs. 14.0

Micro tumor thrombus (yes 
vs. no)

22 vs. 85 20.6 vs. 79.4

Hilar lymph nodes (negative 
vs. positive)

97 vs. 10 90.7 vs. 9.35

Histologic differentiation (well 
vs. poor)

70 vs. 37 65.4 vs. 34.6

Adjuvant chemotherapy (yes 
vs. no)

36 vs. 71 33.6 vs. 66.4

#, value 1: continuous variables are shown as median [IQR], 
categorical variables are shown as no.; value 2: continuous 
variables are shown as mean [SD], categorical variables are 
shown as %. IQR, inter-quartile range; SD, standard deviation; 
HBV, hepatitis B virus; TB, total bilirubin; GGT, gamma-glutamyl 
transpeptidase; CA19-9, carbohydrate antigen 19-9; AFP, alpha-
fetoprotein.

https://cdn.amegroups.cn/static/public/ATM-20-1616-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-1616-supplementary.pdf
https://www.evalue-calculator.com
https://www.evalue-calculator.com
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was independently correlated with OS and TTR whether 
it was defined as a continuous or a categorical variable 
(Table 2). For a per-SD (117 μ/L) increase in serum GGT 
concentration, the RRs for OS and TTR were 1.57 [95% 
confidence interval (CI), 1.28 to 1.92] and 1.51 (95% CI, 
1.22 to 1.87), respectively, after the adjustment of potential 
confounding factors selected by their associations with 
the outcomes (Table S1) and serum GGT concentration 
(Figure S1). Even more confounding variables were 
adjusted progressively, serum GGT concentration remained 

significantly associated with OS (RR =1.72, 95% CI, 1.37 
to 2.16) and TTR (RR =1.53, 95% CI, 1.22 to 1.91). 
In addition, we calculated the E-value for the observed 
association estimate (after adjustments for measured 
confounders) and E=2.83 (95% CI, 2.08 to 3.74). The 
analysis conducted according to tertiles of serum GGT 
concentration yielded a similar pattern. In the final models, 
the RRs of GGT middle and top tertiles for death were 1.81 
(95% CI, 0.98 to 3.32) and 3.56 (95% CI, 1.97 to 6.42), 
respectively (P for trend <0.001). Similarly, the RRs for 

Table 2 Association of serum GGT concentration with OS and TTR

Multivariate analysis Per SD increase Low tertile (n=36) Middle tertile (n=35) Top tertile (n=36) P trend

OS

Non-adjusted 1.54 (1.27, 1.87) 1.0 1.43 (0.80, 2.56) 2.83 (1.62, 4.96) 0.001

Model Ia 1.57 (1.28, 1.92) 1.0 1.75 (0.96, 3.20) 3.24 (1.81, 5.81) <0.001

Model IIb 1.72 (1.37, 2.16) 1.0 1.81 (0.98, 3.32) 3.56 (1.97, 6.42) <0.001

TTR

Non-adjusted 1.53 (1.26, 1.86) 1.0 1.53 (0.87, 2.68) 3.10 (1.79, 5.37) <0.001

Model IIIc 1.51 (1.22, 1.87) 1.0 1.68 (0.93, 3.05) 3.23 (1.78, 5.86) 0.001

Model IVd 1.53 (1.22, 1.91) 1.0 1.70 (0.93, 3.10) 3.27 (1.77, 6.06) 0.002
a, these factors were adjusted: serum albumin, tumor location and histologic differentiation; b, these factors were adjusted: age, sex, 
prothrombin, serum albumin, tumor size, tumor location, micro thrombus invasion, histologic differentiation and adjuvant chemotherapy; 
c, these factors were adjusted: sex, serum albumin, tumor location, micro thrombus invasion and histologic differentiation; d, these factors 
were adjusted: age, sex, serum albumin, tumor size, tumor location, micro thrombus invasion, histologic differentiation and adjuvant 
chemotherapy. GGT, gamma-glutamyl transpeptidase; OS, overall survival; TTR, time to recurrence; SD, standard deviation.

Figure 2 Kaplan-Meier survival curves of OS and TTR. (A) The proportion of survival over time was highest in low tertiles and lowest 
in top tertiles; (B) the proportion of tumor recurrence over time was highest in low tertiles and lowest in top tertiles. OS, overall survival; 
TTR, time to recurrence.
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Figure 3 The correlation between serum GGT concentration and postoperative death events across prescribed subgroups. The negative 
correlation between serum GGT levels and OS did not differ significantly between groups stratified by age, sex, HBV DNA level, CA19-9 
level and liver resection type (all P for interaction >0.05). However, this relationship became no longer significant if the patients were treated 
with postoperative adjuvant chemotherapy (P for interaction =0.04). GGT, gamma-glutamyl transpeptidase; OS, overall survival; HBV, 
hepatitis B virus.

recurrence of the corresponding tertiles were 1.70 (95% CI, 
0.93 to 3.10) and 3.27 (95% CI, 1.77 to 6.06), respectively 
(P for trend =0.002). Also as shown in Figure 2, patients 
with elevated GGT levels in the higher tertiles show 
worse prognosis. The median survival time for the high, 
middle and low GGT groups were 21, 40 and 56 months, 
respectively. The median recurrence free time for the high, 
middle and low GGT groups were 16, 31 and 51 months, 
respectively.

Subgroup analysis

The  nega t i ve  cor re l a t ion  be tween  se rum GGT 

concentration and OS was consistent across prescribed 
subgroups except adjuvant chemotherapy subgroups  
(Figure 3). There was no evidence of effect modification 
among young or old patients (RR =1.69 vs. 1.50, P for 
interaction =0.615), among male or female patients (RR 
=1.35 vs. 1.60, P for interaction =0.523), among patients 
who had or did not have detectable serum HBV DNA (RR 
=1.55 vs. 1.97, P for interaction =0.252), among patients 
with or without positive CA19-9 (RR =1.55 vs. 2.10, P 
for interaction =0.141) and among patients who received 
anatomical or local resection (RR =1.59 vs. 1.96, P for 
interaction =0.325). However, compared with individuals 
who did not receive adjuvant chemotherapy, serum GGT 

Table 3 Comparison of perioperative complication rates among different GGT concentration groups based on the Clavien-Dindo classification

Clavien-Dindo grade High (n=36) Middle (n=35) Low (n=36) P

I 21 (58.3) 20 (57.1) 18 (50.0)

II 5 (13.9) 4 (11.4) 3 (8.3)

III 2 (5.6) 2 (5.7) 2 (5.6)

IV 1 (2.8) 0 (0.0) 1 (2.8)

Total 29 (80.6) 26 (74.3) 24 (66.7) 0.930

GGT, gamma-glutamyl transpeptidase.
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concentration was no longer significantly correlated with 
OS among those who received adjuvant chemotherapy (RR 
=1.77 vs. 0.64, P for interaction =0.040).

Postoperative complications

Postoperative complications of 107 patients were 
described according to the Clavien-Dindo classification 
in Table 3. The overall incidence of complications is up to 
73.8 %, but the vast majority of them were Clavien-Dindo 
grade I (55.1%), including fever, nausea, vomiting and 
pain. A total of 18 patients (16.8%) had grade II and III 
complications, including mild liver function abnormalities, 
pancreatitis, leukopenia, biliary system complications, and 
were cured by pharmacologic treatment or endoscopic 
retrograde cholangio-pancreatography. Both the high 
and low GGT groups had one patient who died from 
complications. Overall, there was no significant difference 
in the incidence of postoperative complications among 
these three groups.

Discussion

So far,  the associat ion between serum GGT and 
postoperative prognosis in patients with HBV-associated 
ICC remains unclear. Our study showed an independent 
relationship between high serum GGT concentration and 
poor outcomes after adjustment of potential confounding 
factors in different multivariate models. Moreover, we 
found that this relationship became less significant with the 
implementation of adjuvant chemotherapy, suggesting that 
serum GGT levels may be an indicator for guiding adjuvant 
chemotherapy in patients with HBV-related ICC.

Previously, GGT has gained some attention as a 
postoperative prognostic biomarker for several tumors, 
such as ovarian cancer (15), endometrial cancer (16), and 
renal cell carcinoma (17). Especially in HCC, elevated 
serum GGT has been reported to be a biomarker of poor 
prognosis after hepatectomy (18), transcatheter arterial 
chemoembolization (19) and radiofrequency ablation (20). 
Results of our study extended these findings in HBV-
associated ICC. In addition, it supported, to some extent, 
the early hypothesis that both HBV-associated HCC and 
ICC might be involved in mutual disease processes (21). 
Theoretically, one day clinicians might motivate subjects to 
change their lifestyles by limiting alcohol intake and other 
factors that can significantly increase GGT levels (22),  
thereby improving long-term postoperative outcomes. 

More importantly, it is worth exploring whether shortening 
the follow-up interval for patients with high GGT levels 
can improve their prognoses.

In order to assess the robustness of the conclusion, we 
conducted a series of sensitivity analyses as follows. First, 
the results we obtained using this full sample set were not 
biased by the inclusion of various covariates. The stepwise 
adjustment of various different potential confounders 
did not strongly change the effect estimates. In addition, 
the correlation of serum GGT concentration with poor 
prognosis was verified by dividing the GGT into tertiles. 
In fact, most previous studies used GGT as a categorical 
variable rather than a continuous variable to assess its 
predictive effect (23-25). Therefore, the magnitude of the 
correlation could not be precisely determined. On the other 
hand, if we only treat GGT as a continuous variable, there 
is a possibility of ignoring the threshold effect which was 
observed previously in different study populations (26). 
In our study, whether the serum GGT concentration was 
classified as a continuous variable or a categorical variable, 
it remains significantly correlated with poor prognoses. 
Finally, we calculated the “E-value” to assess the bias caused 
by unmeasured or uncontrolled confounding factors. The 
E-value is the minimum strength of association, on the risk 
ratio scale, that an unmeasured confounder would need to 
have with both the treatment and outcome, conditional on 
the measured covariates, to explain a treatment-outcome 
association (27). Here, the E-value is E=2.83 (95% CI, 2.08 
to 3.74) for the estimate. This indicates that a relatively 
strong confounding association would be needed to 
completely explain the observed causation of RR =1.72.

With the advantage of interaction analyses, we also 
demonstrated that none of HBV levels, CA19-9 and liver 
resection types can substantially change the ability of 
serum GGT concentration on the forecast of patients’ 
prognoses. Previously, it is indicated that these three 
variables might play important roles in tumor progression 
and metastasis. Of particular interest, the relationship 
between higher serum GGT concentration and worse 
postoperative outcomes became less significant with the 
implementation of adjuvant chemotherapy. While the 
use of adjuvant chemotherapy following resection of ICC 
has long been debated (28), our results provide important 
clinical evidence for choosing the suitable candidates. 
Further studies are needed to validate the guiding role 
of high serum GGT levels in the selection of adjuvant 
chemotherapy.

Given the epidemiologic nature of the observational 
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study, it is still uncertain if GGT has a direct etiological 
role in tumor recurrence or may just be a marker of an 
underlying etiology. As reviewed by Kunutsor et al., 
GGT is positively and independently related to metabolic 
syndrome, diabetes, chronic kidney disease, dementia, and 
total mortality, thereby affecting postoperative survival (29). 
However, in this study, there was no significant correlation 
between high GGT concentrations and severe perioperative 
complications, and the prognosis was mainly affected by 
tumor recurrence. It is reasonable to propose some potential 
explanations for this phenomenon. First, early reports 
suggested the increased expression of GGT in actively 
proliferating pre-neoplastic foci in the liver (30) and GGT-
induced damage could play an active role in the process by 
which cells of preneoplastic foci progress to malignancy (31).  
Therefore, these lesions may be an important source 
of postoperative tumor recurrence. Moreover, there is 
evidence that GGT is dysregulated in malignant cells. It 
can cause tumors to progress towards more aggressive 
phenotypes with worse prognoses by producing reactive 
oxygen species (32,33). Consistent with these theories, 
patients with high GGT levels did show a higher recurrence 
rate in this study. Second, serum GGT level has also been 
characterized as a biomarker for oxidative stress, and was 
shown to correlate with inflammation in extracellular 
tissue microenvironment (34,35). The essential impact of 
inflammatory microenvironment on all tumors, including 
ICC, is now generally accepted (36). Therefore, our 
subsequent research should try to figure out the mechanism 
underlying the findings in this article.

There are some potential limitations of this study merit 
to be mentioned in interpreting the study results. Firstly, 
although information on major risk factors was collected, 
some unmeasured variables might confound the relationship 
between GGT and postoperative outcomes, such as 
alcohol consumption and psychosocial status. Therefore, 
we provide the E-value to prove the causality in our study 
to be strong. Furthermore, it was impossible to correct 
the estimates for intra-individual variation in serum GGT 
levels, because our study only pertained to a single point in 
time. Finally, the recruitment model in this study allowed 
us to examine a fairly homogeneous and high-risk cohort. 
Therefore, the conclusion cannot be immediately applied to 
ICC populations with other etiologies and it is still essential 
to confirm our findings in different geographic regions and 
by independent randomized trials.

In summary, as a simple and convenient biological 
marker, serum GGT concentration is associated with an 

increased risk of postoperative death and tumor recurrence 
in patients with HBV-associated ICC. However, this 
relationship became less significant with the implementation 
of adjuvant chemotherapy. Our findings, if confirmed, 
support that stratifying patients according to serum 
GGT concentration can be used for patient counselling, 
individualized postoperative adjuvant treatment and  
follow-up.
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Supplementary

Table S1 Univariate Cox regression analyses of risk factors related to OS and TTR in 107 patients

Variables
OS TTR

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, years, ≤50 vs. >50 0.72 (0.46, 1.12) 0.146 0.69 (0.45, 1.07) 0.098

TB, per SD 0.98 (0.79, 1.21) 0.846 1.01 (0.83, 1.23) 0.916

Prothrombin time (s) 1.16 (0.95, 1.43) 0.155 1.18 (0.97, 1.44) 0.093

Serum albumin, per SD 0.78 (0.62, 0.99) 0.039* 0.72 (0.58, 0.91) 0.006*

Glutamic pyruvic transaminase, per SD 0.98 (0.80, 1.20) 0.830 1.00 (0.82, 1.21) 0.988

GGT, per SD 1.54 (1.27, 1.87) <0.001* 1.53 (1.26, 1.86) <0.001*

Tumor size (cm) 1.05 (0.97, 1.13) 0.210 1.07 (0.99, 1.15) 0.082

Sex (male vs. female) 1.45 (0.89, 2.35) 0.132 1.68 (1.04, 2.71) 0.035*

Cirrhosis (positive vs. negative) 1.35 (0.73, 2.51) 0.335 1.31 (0.71, 2.42) 0.386

HBV DNA, copies/mL (>103 vs. ≤103) 1.07 (0.61, 1.87) 0.824 1.11 (0.64, 1.92) 0.708

CA19-9, u/mL (≤37 vs. >37) 1.02 (0.65, 1.59) 0.945 1.44 (0.92, 2.24) 0.108

AFP, ng/ml (≤20 vs. >20) 1.30 (0.77, 2.18) 0.328 1.34 (0.80, 2.26) 0.262

Tumor number (multiple vs. solidary) 1.39 (0.60, 3.20) 0.438 1.15 (0.50, 2.65) 0.738

Tumor location (single lobe vs. multiple lobes) 2.41 (1.38, 4.20) 0.002* 2.11 (1.21, 3.68) 0.008*

Liver resection (anatomical vs. local) 0.74 (0.46, 1.17) 0.196 0.76 (0.48, 1.19) 0.225

Tumor capsule (positive vs. negative) 0.74 (0.38, 1.43) 0.366 0.70 (0.36, 1.36) 0.296

Micro thrombus invasion (yes vs. no) 1.46 (0.86, 2.48) 0.157 2.02 (1.22, 3.36) 0.006*

Hilar lymph nodes (negative vs. positive) 1.13 (0.54, 2.35) 0.743 1.21 (0.58, 2.52) 0.607

Histologic differentiation (well vs. poor) 1.71 (1.08, 2.70) 0.022* 1.71 (1.09, 2.68) 0.019*

Adjuvant chemotherapy (yes vs. no) 0.86 (0.54, 1.36) 0.510 1.04 (0.66, 1.63) 0.876

*, Significant difference. OS, overall survival; TTR, time to recurrence; CI, confidence interval; TB, total bilirubin; SD, standard deviation; 
GGT, gamma-glutamyl transpeptidase; HBV, hepatitis B virus; CA19-9, carbohydrate antigen 19-9; AFP, alpha-fetoprotein.



Figure S1 Factors potentially correlated with serum GGT concentration. Correlation test showed that all of the P value of correlation for 
each pair are >0.05. Even ALT which is the most relevant factor of GGT, has a correlation coefficient of only 0.33. GGT, gamma-glutamyl 
transpeptidase; ALT, alanine aminotransferase; TB, total bilirubin.
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