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ABSTRACT

The aim: Gamma-glutamyl transferase (GGT) is a membrane-dependent enzyme and is primarily involved in glutathione metabolism. While a correlation between high GGT
levels and oxidative stress, cardiovascular diseases, and some cancers has been shown in the literature, its prognostic effect in patients with non-small-cell lung cancer remains
unclear. The aim of this study was to investigate the correlation between the preoperative GGT levels and the prognosis of non-small-cell lung cancers treated surgically.
Materials and methods: Following the approval of the loc al ethics committee, the medical records of patients surgically treated in our department for stage-I non-small-cell
lung cancer between January 2010 and December 2019 were retrospectively reviewed. The patients were classified into a high group (high-GGT) and low group (low-GGT)
according to the preoperative GGT cut-off levels, which were specific to our series and calculated by receiver operating characteristic (ROC) analysis. Survival differences between
the groups were also investigated by Kaplan-Meier, log-rank, and Cox regression tests.

Results: A total of 219 patients fulfilled the inclusion criteria and were included in the study. The median survival was 75 (range: 58.4-91.1) months in the high-GGT group and

91 (range: 85-96.8) months in the low-GGT group, and this difference was statistically significant (Hazard Ratio: 2.0, 95% (1 1.0-3.9, p = 0.03).
Conclusions: Preoperative GGT may be an inexpensive and easily applicable prognostic indicator in early-stage non-small-cell lung cancers.
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INTRODUCTION

Gamma-glutamyl transferase (GGT), also known as gam-
ma-glutamyl transpeptidase, is an enzyme that is involved in
glutathione catabolism in the serum and is found on the outer
surface of many cells. GGT is found in several tissues, such as
the renal proximal tubules, liver, small intestine, and mammary
glands, as well as in various cell types, such aslymphocytes, bone
marrow cells, leukocytes, and platelets. It has been reported
that elevated serum GGT levels are indicative of oxidative
stress, such as that seen with alcoholism, diabetes mellitus,
and cardiovascular disease [1]. In addition, an association be-
tween high GGT levels and an increased cancer risk has been
reported [2-3]. Several studies have established a significant
correlation between prognosis and GGT levels in various types
of cancer, including ovarian cancer, glioma, melanoma, and
colorectal cancer [4-7]. Some studies have tried to explain this
effect of GGT at the micro level. Pompella et al. reported that
GGT plays an important role in redox-sensitive reactions like
antioxidant defense and cellular balance between proliferation
and apoptosis. Reactive thiol glycyl-cysteine, resulting from the
catabolism of glutathione by GGT, triggers an iron redox cycle
and the production of reactive oxygen species (ROS). Protein
and DNA damage occur by ROS, and defects eventually occur
via highly complex mechanisms in some cellular reactions
that cause cancer progression, such as cellular proliferation,
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apoptosis, cell adhesion, and gene expression [8]. Another role
of GGT defined in the cancer relationship is the source effect.

Franzini [9] and Dominici [10] reported that GGT provides
substrates for the survival and growth of rapidly growing neo-
plastic cells. According to their arguments, GGT is not a direct
cause of cancer aggressiveness but a marker of aggressive cancer.
A study by Pankiv et al. demonstrated that GGT contributes
to the defense mechanisms of colonic cancer cells through the
reticular activating system (Ras) signal transduction pathway
[11]. The correlation between elevated serum GGT levels and
the prognosis of lung cancer is not clear. It was reported that in a
study with high GGT levels as an independent prognostic factor
in terms of overall survival (OS) and disease-free survival (DFS)
in metastatic lung cancers, and another study reported there was
an increased risk for lung cancer development in patients with
high GGT levels [12-13]. Our study was a clinical cohort study
and investigated the effect of GGT levels on survival rather than
cellular mechanisms.

THE AIM

The aim of this study was to investigate whether there was a
correlation between preoperative serum GGT levels and the
prognosis in patients with stage-I nonsmall-cell lung cancer
(NSCLC) treated surgically.
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Table . Patient characteristics, n=219.

Variables n [%]
Age (med, range) 63 (35-85)
Diameter (mean) 2.1 (SD:1.0)
Age
>65 77 351
<65 142 64.9
VPI
Yes 23 10.5
No 196 89.5
Stage Subgroup
1A1 35 15.9
1A2 67 30.6
I1A3 48 21.9
1B 69 31.6
Histopathology
AdenoCarcinoma 129 589
SCC 78 35.6
Other * 12 55
Surgery
Lobectomy 155 707
Segmentectomy 31 14.2
Pneumonectomy 8 3.6
Sleeve Resection 1 5.1
Wedge Resection 14 6.4
GGT
High 38 173
Low 181 82.7
Notes:
Abbreviations:
Med: median

SCC: Squamous Cell Carcinoma

VPI: Visceral Pleural Invasion

*Other histopathology includes: Pleomorphic carcinoma, large cell
carcinoma, mucoepidermoid carcinoma

MATERIALS AND METHODS
PATIENT SELECTION

Following the approval of the local ethics committee (Gazi
University Ethics Committee, numbered 2020-367), the
records of patients who were surgically treated in our clinic
following a diagnosis of stage I NSCLC between January
2010 and December 2019, and whose preoperative GGT
levels could be obtained, were retrospectively analyzed. The
eighth tumor-node-metastasis (TNM) system was used for
staging the lung cancer and the pathological staging was
based on. Patients with active liver disease (hepatitis, tu-
mor, liver failure, etc.), hepatotoxic drug users, chronic re-
nal failure, active alcohol drinkers, heart failure, and those
without follow-up records were not included in the study.

Since the reference values for GGT in female and male
patients are different, only male patients were included in
this study. Patients with high GGT values were referred to
the Department of Gastroenterology to determine if they
had liver or biliary tract disease, and those with the disease
were not included in the study.

BLOOD SAMPLES

GGT values used for this study were a part of the routine
preoperative tests. Test results before hospitalization were
used because the emotional/surgical stress and medications
could affect the results. Blood samples were taken from
a peripheral vein and sufficient amounts of blood were
placed into vacuum tubes with gel and a clot activator. The
biochemical analysis was performed using a spectropho-
tometric method with a Beckman” AU5800 auto-analyzer,
(Beckman Coulter Life Sciences Headquarters, Indiana,
USA). The Unit/Liter (U/L) was used for the GGT units.

STATISTICAL ANALYSIS

All analyzes were performed with SPSS (version 20, IBM
Co., NY, USA). The overall survival (OS) was defined as
the length of time from the date of surgery to the date of
death or the final follow up. Chisquare tests were used
for categorical variables and log-rank tests were used for
continuous variables. Patients were divided into high and
low groups according to cut-oft values determined by a
receiver operating characteristic (ROC) analysis of our
series. The overall survival analysis was performed by the
Kaplan-Meier method. The log-rank test and multivariable
Cox proportional hazard test were used to evaluate the
significance of survival differences between the groups.
Chi-square tests were used to determine significant dif-
ferences between GGT levels and histopathology of the
tumor or surgery performed. Analyses were performed
with a 95% confidence interval (CI), two-sided p values
were calculated, and p < 0.05 was considered statistically
significant.

RESULTS

DESCRIPTIVE ANALYSIS

The median follow-up period was 45 months. A total of 219
patients fulfilled the inclusion criteria and were included
in the study. Clinicopathological and demographic charac-
teristics of the patients are given in Table I. The median age
was 61 (range: 42-85) years and the mean tumor diameter
was 2.1 cm (standard deviation [SD]: 1.0). According to
the eighth TNM, most patient subgroups were stage-IA2
and stage-IB with 67 (30.6%) and 69 (31.6%) patients, re-
spectively. The most common histopathologic type was ad-
enocarcinoma (1 = 129 [58.9%]). Visceral pleural invasions
were detected in 23 (10.5%) patients. Most surgeries were
a lobectomy in 155 patients (70.7%) and segmentectomy
in 31 patients (14.2%).
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levels according to mortality status (p = 0.04, AUC: 54.3%, cut-off value:
Fig. 1.The overall survival curve of our series using the Kaplan-Meiermethod. 52,4 U/L).

Table I1. Survival analyses, p values, and hazard ratios of some variables.

Medlan(;l:)rnvtlr\::)l Range 5-year[so/§;|rvwal Bivalte HR (95% Cl)
Variables
Age
>65 81(71.3-90.6) 66.1 0.04 1.7 (1.0-2.9)
<65 94 (88.7-99.7) 80.5
VPI
Yes 88 (82.0-93.2) 74.8 0.6 0.8 (0.3-1.8)
No 93 (80.8-105.9) 80.5
Stage Subgroups
(8th TNM)
IA 90 (82.4-94.9) 77.3 0.7 0.9 (0.5-1.6)
1B 87 (77.2-93.8) 72.1
Surgery*
Major 53(39.6-65.9) 40.4 0.01 2.8(1.4-5.7)
Lesser 92 (86.8-97.4) 77.9
GGT Groups
High 75 (58.4-91.1) 61.9 0.03 2(1.0-3.9)
Low 91 (85-96.8) 771
Notes:
Abbreviations:
F: Female
HR: Hazard Ratio
M: Male
TNM: Tumor-Nod-Metastasis
Staging System

VPI: Visceral Pleural Invasion
*Major surgical procedures include; pneumonectomy, bilobectomy
Lesser surgical procedures include; segmentectomy, wedge resection, sleeve resection
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Fig. 3. There was a significant difference for 0S between the groups,
which were formed according to serum GGT cut-off values obtained by
ROCanalysis (52.4 U/L).

SURVIVAL ANALYSIS

The median survival of our series was 91 (range: 86.1-96.4)
months and the five-year OS was 77.7% (Fig. 1). According
to the ROC analysis, the GGT cut-off value of our series
was 52.4 U/L with a 64.3% area under the curve (AUC)
rate (Fig. 2). The GGT level was higher than this cut-off
value in 38 patients (17.3%). The median survival was 75
(range: 58.4-91.1) months in the high-GGT group and 91
(range: 85-96.8) months in the low-GGT group. The five-
year OS was 61.9% in the high-GGT group and 77.1% in
the low-GGT group. Survival differences between groups
were statistically significant (p = 0.03, 95% CI, HR: 2.0,
1.0-3.9; Fig. 3). Additionally, the median survival was
significantly worse in those older than 65 years and in
the group that underwent a major surgical procedure.
There were no significant survival differences in stage
subgroups (p = 0.7) or visceral pleural invasion status
(p =0.6; Table IT). Furthermore, we detected no significant
correlation between the high/low GGT groups and tumor
histopathology or major and minor surgical procedures by
Pearson’s chi-square test (p = 0.8 and p = 0.4, respectively).

DISCUSSION

We demonstrated that high GGT levels were associated
with poor survival in early-stage NSCLC. The correlation
between GGT enzymes, which are involved in glutathione
metabolism and malignancy, has been shown in several
studies, but the relationship between the prognosis of ear-
ly-stage NSCLC and serum GGT levels remains unclear. In
the literature, there are several studies related to this topic.
For instance, Ran et al. identified a significant correlation

between high serum GGT levels and lung cancer prognosis
and the risk of its metastasis. They included 1,098 patients
in their study and determined a GGT cutoft value of 40
U/L. While they found a significant correlation between
GGT levels and sex, smoking, and tumor stage, they found
no correlation with histopathology. They also stated that,
although their clinical study found a significant correlation
between serum GGT levels and cancer prognosis and dis-
tant metastasis, the effect of GGT on carcinogenesis was
unclear [14]. We included only male patients in our study
because there was a difference in the GGT cut-off values
between the sexes. We also only had stage-I lung cancer
patients included in our study to ensure homogeneity in
terms of survival. Another difference was that we calculated
the cut-oft value for GGT specific to our series by ROC
analysis. The similarities were as follows, our study was
a clinical study, there were no differences between tumor
histopathology and GGT, and high GGT levels were asso-
ciated with a poor prognosis. Pompella et al. reported the
GGT expression was present in different cancer types and
that GGT was also an indicator for chemotherapy resis-
tance. They emphasized that there was an increased GGT
expression in tumor cells and the glutathione requirements
of the cancer cells were met in this way. They also explained
the cellular mechanisms of chemoresistance as follows:
reduced glutathione, which was formed by GGT, plays an
important role in resistance to electrophilic chemothera-
peutic agents, such as platinum and yclophosphamide [15].
Our study included early-stage lung cancers, thus adjuvant
chemotherapy was not required, so we did not investigate
chemoresistance and GGT levels. However, Pompella’s
article claims that, as the number of tumor cells increases,
the level of GGT expressed increases, and high GGT is an
indirect indicator of a poor cancer prognosis. Similarly,
our study concluded that there was a correlation between
GGT levels and the prognosis of lung cancer. Hanigan et al.
showed that GGT accelerated tumor growth and increases
cisplatin resistance in an in-vivo study. They used a human
prostate carcinoma cell line and found that the GGT-pos-
itive cell line growth was more than twice as fast as the
GGT-negative tumors. They also detected that tumor cell
cultures express GGT [16]. This experimental study showed
that the cause-and-effect relationship between GGT and
tumor aggressiveness is two-sided. GGT accelerates tumor
growth, and its expression increases with the increased
number of cancer cells. Our study showed that high GGT
levels indicate a poor prognosis. However, in-vitro studies,
such as investigating GGT expression in lung cancer cells,
are needed to clarify whether a poor prognosis is due to
high GGT levels or an increased number of cancer cells.
Bozkaya et al. reported that high GGT levels in patients
with advanced stage NSCLC were associated significantly
poor prognoses in terms of OS and disease-free intervals.
They included 115 patients with stage-IV NSCLC and de-
termined the GGT cut-oft value according to the median
value. They also reported a significant correlation between
GGT level and sex, serum lactate dehydrogenase (LDH)
levels, weight loss, and Eastern Cooperative Oncology
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Group (ECOG) status [12]. As mentioned earlier, only
males and patients with earlystage NSCLC were included
in our study to ensure homogeneity, and the GGT cut-off
value was determined by ROC analysis. We could not find
any studies that investigated the correlation between serum
GGT levels and survival of early-stage lung cancer treated
surgically in the English literature. To our knowledge, this
study is the first to demonstrate that a high serum GGT
level is an indicator of a poor prognosis in patients with
stage-I NSCLC.

The limitations of our study were as follows: it was sin-
gle-centered, retrospective study and it included relatively
few cases. In addition, although factors such as alcohol use
and chronic liver disease may affect serum GGT levels,
these variables were excluded. Thus, multi-centered studies
with high patient numbers are needed to demonstrate the
carcinogenic and prognostic effect of GGT.

CONCLUSION

In this study, we found that preoperative high serum GGT
levels show a poor prognosis in early-stage lung cancers in
male patients. Experimental in-vitro and in-vivo studies are
needed to reveal the underlying mechanisms of this effect
of GGT. If our findings are supported by multi-centered
and prospective studies, then GGT may be an inexpensive
and easily applicable prognostic indicator in male patients
with early-stage NSCLC which treated surgically.
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