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ABSTRACT

Purpose: Gamma-glutamyl transferase (GGT) has been reported as being involved in tumor
progression. Previous studies documented a potential relationship between serum GGT
level and survival outcome in several types of human malignancies. However, the association
between serum GGT levels and response to neoadjuvant chemotherapy (NAC) has not yet
been reported. The present study aimed to evaluate the association between pre-therapeutic
serum GGT level and the efficacy, long-term survival, and adverse reactions of NAC and to
investigate its role in predicting NAC sensitivity in patients with breast cancer.

Methods: A total 0f 129 patients were recruited and stratified into 2 groups according to serum
GGT level (<29 U/L and > 29 U/L). The association between pre-therapeutic serum GGT levels
and clinicopathological parameters was examined. The correlation between pre-therapeutic
serum GGT levels and pathological complete response (pCR) was analyzed using univariate and
multivariate logistic regression. Survival analyses of relapse-free survival (RFS) and disease-free
survival (DFS) were performed. Pearson's y? test and multivariate logistic regression model were
used to analyze the correlation between pre-therapeutic serum GGT levels and adverse reactions.
Results: Pre-therapeutic serum GGT levels were associated with pCR among breast cancer
patients treated with NAC. Multivariate analysis showed that low-level GGT significantly
increased pCR rate. Patients in the high-level GGT group had poorer survival than those

in the low-level GGT group. Subgroup analysis demonstrated that serum GGT level was
potentially related to RFS and DEFS in the hormone receptor-positive group. Low levels of
GGT are significantly associated with a higher incidence of neutropenia.

Conclusion: Pre-therapeutic serum GGT level is an independent and novel biomarker for
predicting the efficiency, prognosis, and adverse reactions to NAC in breast cancer patients.
Patients with low pre-therapeutic serum GGT levels are more likely to have higher pCR rates,
better RFS and DFS, and higher hematologic toxicity.

Trial Registration: ClinicalTrials.gov Identifier: NCT02199418, NCT02221999

Keywords: Breast cancer; Gamma-glutamyltransferase; Neoadjuvant therapy; Chemotherapy;
Prognosis
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INTRODUCTION

Neoadjuvant chemotherapy (NAC), an important method for the comprehensive treatment
of malignancies, has been widely used in the treatment of locally advanced breast cancer
(LABC). Numerous prospective clinical trials have demonstrated that pathological complete
response (pCR) after NAC is associated with a long-term survival benefit [1]. However, for
those who do not achieve pCR, the survival benefit is still unclear. Thus, it is necessary to
identify a biomarker that can effectively predict NAC sensitivity. Peripheral blood molecules
are ideal markers as they can be easily detected. In recent years, various peripheral blood
markers have been reported in terms of forecasting NAC efficacy [2]. However, a widely
recognized peripheral blood molecular marker for this purpose is still lacking.

Gamma-glutamyl transferase (GGT), one of the key enzymes in the metabolism of
glutathione (GSH), is considered as an important indicator of oxidative stress [3]. A study
suggested that GGT has a crucial role in maintaining intracellular GSH levels, which acts as
an antioxidant, neutralizing free radicals and thus protecting cells against oxidative stress
during cell metabolism, as well as providing resistance to the toxicity of promoting agents
that deplete intracellular GSH and further conferring resistance during pro-oxidant cancer
therapy [4]. Strasak et al. [5] investigated the association of GGT with cancer incidence in
92,843 Austrian females, reporting that elevated GGT (> 72.00 U/L) markedly increased the
overall cancer risk and several site-specific cancer risks. Moreover, Fentiman and Allen [6]
reported a possible association between elevated GGT levels and breast cancer incidence

in premenopausal females. Finally, the Swedish AMORIS study, which included 545,460
participants, demonstrated that elevated serum GGT level was an independent risk factor for
breast cancer [7].

Several large clinical studies have also documented the potential relationship between serum
GGT level and survival outcome in several types of human malignancies, including breast
cancer [8], cervical cancer [9], liver cancer [10], renal cell carcinoma [11], and endometrial
cancer [12], suggesting that high serum GGT levels are associated with poor prognosis.

As Staudigl et al. [8] stated, high pre-therapeutic serum GGT levels (> 23.1 U/L) were
significantly associated with decreased 5-year overall survival (OS) in patients with primary
metastatic breast cancer. Zhu et al. [13] also found that serum GGT level was significantly
higher in cervical cancer patients than in healthy people, demonstrating a potential
association between GGT and poor disease-free survival (DFS) and OS. Furthermore, Luo

et al. [14] indicated that preoperative GGT was an independent prognostic factor of cancer-
specific survival and relapse-free survival (RFS) in renal cell carcinoma with venous tumor
thrombus and that high GGT (> 37.5 U/L) could lead to poor survival. Nevertheless, there have
been few reports on the association between pre-therapeutic serum GGT levels and NAC
efficacy and prognosis among breast cancer patients.

Based on the findings above, we hypothesized that high serum GGT levels might increase

the resistance to NAC, thereby leading to poorer efficacy and prognosis compared to low
levels. Thus, we performed a retrospective analysis involving patients undergoing prospective
clinical trials on NAC and aimed to evaluate the association between pre-therapeutic serum
GGT level and pCR as well as long-term survival after NAC.
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METHODS

Patients and clinical management

The study cohort consisted 0of 129 breast cancer patients participating in the SHPD0O1
(NCT02199418) and SHPD002 (NCT02221999) clinical trials from January 2013 to January
2017. Patients who presented with pre-existing abnormal liver function and biliary tract
diseases were excluded from this study.

The study design and recruitment methods have been previously described in detail [15].
Briefly, all patients were scheduled to receive NAC before surgery. The treatment plan was

a combination of weekly paclitaxel (80 mg/m? on days 1, 8, 15, 22, out of every 28 days for
4-week cycles) and cisplatin (25 mg/m? on days 1, 8, 15, out of every 28 days for 4-week cycles)
followed by primary surgery. Human epidermal growth factor receptor-2 (HER-2)-positive
patients from SHPD0O1 and SHPDOO2 were concomitantly administered with trastuzumab
(4 mg/kg for the first dose and 2 mg/kg for subsequent doses) on a weekly basis. For the
hormone receptor-positive patients from SHPD0O02, endocrine therapy (aromatase inhibitor
or gonadotropin releasing hormone agonist) was randomized together with chemotherapy
according to their menstrual status. All procedures performed in these studies involving
human participants were in accordance with the ethical standards of the institutional

and national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study was approved by the independent
ethics committees of Renji Hospital with the IRB approval number [2017]088. All patients
provided written informed consent.

The 3 commonly used definitions of pCR were estimated as NAC efficacy in this study: 1)
total pCR (tpCR), i.e., the absence of either invasive cancer or cancer in situ in the breast and
axillary lymph nodes (ypTO ypNO); 2) pCR in the breast (bpCR), i.e., the absence of either
invasive cancer or cancer in situ in the breast (ypTO); and 3) near-pCR i.e., the size of the
residual cancer being < 0.5 cm, or having only scattered cancer remaining.

Peripheral venous blood samples for evaluation were routinely obtained within one week
prior to the first cycle of NAC. All analyses were performed in the clinical laboratory of Renji
Hospital. Serum GGT activity was measured using the kinetic method recommended by the
International Federation of Clinical Chemistry. At our institution, the normal range of serum
GGT levels for female was 7-32 U/L.

Adverse reactions were assessed during each visit and were recorded according to the
Common Terminology Criteria for Adverse Events (CTCAE v4.03).

Statistical analyses

Patients were assigned to groups based on final quintile of all patients' baseline serum GGT
levels as follows: < 29 U/L is defined as low GGT level, whereas a value > 29 U/L is defined as
high level. ¥ test and Fisher's exact test were used to compare pre-therapeutic serum GGT
levels in groups defined by clinicopathological parameters. A comparison of pre-therapeutic
serum GGT levels between the pCR and non-pCR groups was assessed using the Mann-
Whitney test. The correlation between GGT levels and pCR was assessed using logistic
regression. DFS and RFS were assessed as per the following definitions: 1) DFS: the duration
from the operation date to the date of first relapse or metastasis (including contralateral breast
cancer and other malignant tumors), or death for any reason, or censored with the last follow-
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up date if no relapse or metastasis; 2) RFS: the duration from the operation date to the date of
first relapse or metastasis (excluding contralateral breast cancer and other malignant tumors),
or death for any reason, or censored with the last follow-up date if no relapse or metastasis.

Predictive Value of Gamma-Glutamyl Transferase in Breast Cancer Neoadjuvant Chemotherapy

Survival analysis was estimated using the Kaplan-Meier method. Differences between groups
were estimated using the log-rank test. Univariate and multivariate survival analyses were
performed using Cox's proportional hazards regression model. A 2-sided p-value < 0.050 was
considered statistically significant. Statistical software Stata SE 14.1 (STATA Corp., College
Station, TX, USA) and Graph Pad Prism 6.0 (GraphPad Software Inc., San Diego, CA, USA)
were used for analysis.

RESULTS

Relationship between pre-therapeutic serum GGT level and
clinicopathological parameters

A total 0f 129 patients with LABC were included in this study. The median age of patients
at first diagnosis was 52 years (range, 26—70 years). Of these patients, 128 completed all 4
cycles of paclitaxel and cisplatin chemotherapy and underwent subsequent surgery. One
patient received only 15 cycles of chemotherapy. No association was found between the
pre-therapeutic serum GGT levels and age, menopausal status, body mass index, estrogen
receptor (ER), progesterone receptor (PR), HER-2, Ki-67, clinical TNM stage, and tumor
molecular classification (Table 1).

Relationship between pre-therapeutic serum GGT level and pCR

The tpCR (Figure 1A, 37.8% vs. 11.5%, p = 0.010) and near pCR (Figure 1C, 49.5% vs. 19.2%,
p=0.007) rates were both significantly improved among patients in the low GGT group
compared to those in the high GGT group. However, the difference in bpCR between these 2
groups was not statistically significant (Figure 1B, 39.8% vs. 19.2%, p = 0.067).

The inverse association between elevated serum GGT level and pCR rate was confirmed by
multivariate logistic regression. Among all breast cancer patients, pre-therapeutic serum
GGT level was an independent factor associated with tpCR (Table 2; odds ratio [OR], 0.15; p
=0.026; 95% CI, 0.03-0.80), bpCR (Table 2; OR, 0.23; p = 0.043; 95% CI, 0.06-0.96), and
near-pCR (Table 2; OR, 0.13; p = 0.005; 95% CI, 0.03-0.54).

Survival analyses

The median follow-up period was 24 months (range, 6-45 months). Kaplan-Meier survival
estimates and log-rank tests for the 2 serum GGT levels among all patients and those in the
subgroups showed a significant difference in RFS among HER-2 positive (Figure 2A, log-rank
p=0.001) and hormone receptor-positive subgroup patients (Figure 2B, log-rank p = 0.011),
suggesting that patients with low serum GGT levels had longer RFS. However, the difference
was not statistically significant in the overall group of patients (Figure 2C, log-rank p = 0.157).
Survival analysis for DFS showed similar results (Figure 3).

The correlation between elevated pre-therapeutic serum GGT level and poor survival was
further verified by multivariate Cox analysis. In all patients, pre-therapeutic serum GGT level
was an independent prognostic factor for RFS (Table 3; hazard ratio [HR], 4.34; p=0.035;
95% CI, 1.11-16.93) and DFS (Table 3; HR, 4.33; p = 0.035; 95% CI, 1.11-16.85). In addition,
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Table 1. The association between pre-therapeutic serum GGT levels and patients' baseline clinicopathological parameters

Characteristics Total No. of patients (n =129) Low level GGT High level GGT b p-value®

Age at first diagnosis (yr) 1.62 0.203
<50 59 (46.7) 50 (84.7) 9 (15.3)
> 50 70 (54.3) 53 (75.7) 17 (24.3)

Menopausal status 2.38 0.123
Premenopausal 57 (44.2) 49 (86.0) 8 (14.0)
Postmenopausal 72 (55.8) 54 (75.0) 18 (25.0)

BMI (kg/m?) 4.17 0.108
<93 58 (45.0) 49 (84.5) 9 (15.5)
>93 65 (50.4) 51(78.5) 14 (21.5)
Unkown 6 (4.6) 3(50.0) 3(50.0)

ER (%) 0.01 0.951
<10 44 (34.1) 35 (79.6) 9 (20.4)
>10 85 (65.9) 68 (80.0) 17 (20.0)

PR (%) 0.42 0.518
<10 38 (29.5) 29 (76.3) 9(23.7)
>10 91(70.5) 74 (81.3) 17 (18.7)

Ki-67 (%) 0.63 0.728
<30 29 (22.5) 929 (75.9) 7 (24.1)
>30and < 60 58 (43.0) 48 (82.8) 10 (17.2)
> 60 42 (32.5) 33(78.6) 9 (21.4)

HER-2 status 0.05 0.829
Negative 72 (55.8) 57 (79.2) 15 (20.8)
Positive 57 (44.2) 46 (80.7) 11 (19.3)

cT 1.04 0.308
cT1-cT2 58 (45.0) 44 (75.9) 14 (24.1)
cT3-cT4 71 (55.0) 59 (83.1) 12 (16.9)

cN 2.24 0.134
cNO 22 (17.1) 15 (68.2) 7(31.8)
cN1-3 107 (82.9) 88 (82.2) 19 (17.8)

Molecular classification 5.98 o.gf
Luminal A-like 10 (7.8) 7 (70.0) 3(30.0)
Luminal B-like 99 (76.7) 82 (82.8) 17 (17.2)
HER-2 positive (non-luminal) 9 (7.0) 8 (88.9) 1(11.1)
Triple negative 11(8.5) 6 (54.5) 5 (45.5)

Values are presented as number (%).

The 2 test and Fisher's exact test were used to compare pre-therapeutic serum GGT levels in groups defined by clinicopathological parameters.
GGT = gamma-glutamyl transferase; BMI = body mass index; ER = estrogen receptor; PR = progesterone receptor; HER-2 = human epidermal growth factor
receptor-2; cT = clinical tumor stage; cN = clinical nodal stage.

*Pearson's y? test; TFisher's exact test.

A B C
8049 p=0.010 tpCR 80+ p=0.067 bpCR 604 p=0.007 near-pCR
B Non-tpCR B Non-bpCR B Non-near-pCR
60 - P 60 - P P
40 -
S 40 S 40 - N
20
N l N l
0 T T 0 T T 0 T T
Low level GGT High level GGT Low level GGT High level GGT Low level GGT High level GGT

Figure 1. Comparison of pCR rate with pre-therapeutic serum GGT level. The difference of (A) tpCR, (B) bpCR, and (C) near-pCR rate between the low GGT group
and the high GGT group were analyzed using the Mann-Whitney test.

GGT, gamma-glutamyl transferase; tpCR, total pathological complete response; bpCR, pathological complete response in breast; pCR, pathological complete
response.

elevated Ki-67 and higher clinical tumor stage were associated with poor RFS and DFS based
on multivariate analyses.
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Table 2. Univariate and multivariate analyses of the predictive markers

Predictive markers Univariate analysis Multivariate analysis
OR 95% ClI p-value OR 95% Cl p-value
tpCR
Age (<50 vs. > 50) 0.78 0.37-1.62 0.500 0.66 0.24-1.82 0.419
BMI (< 23 vs. > 23) 0.58 0.27-1.25 0.163 0.48 0.18-1.30 0.151
ER (<10% vs. > 10%) 0.19 0.09-0.42 <0.001" 0.25 0.08-0.77 0.016"
PR (< 10% vs. > 10%) 0.55 0.25-1.21 0.137 113 0.35-3.65 0.836
Ki-67 expression (< 30% vs. > 30% and < 60% vs. > 60%) 3.54 1.92-6.53 <0.001" 3.77 1.78-7.98 0.001"
HER-2 status (negative vs. positive) 2.94 1.37-5.26 0.006" 4.04 1.45-11.28 0.008"
GGT level (< 29 vs. > 29) 0.21 0.06-5.26 0.017* 0.15 0.03-0.80 0.026"
T stage (cT1-2 vs. cT3-4) 0.98 0.47-2.06 0.965 0.74 0.28-1.96 0.546
cN stage (cNO vs. cN1-3) 1.80 0.61-5.26 0.285 1.04 0.27-4.06 0.956
bpCR
Age (<50 vs. > 50) 0.88 0.43-1.81 0.723 0.72 0.28-1.88 0.506
BMI (< 23 vs. > 23) 0.54 0.26-1.15 0.112 0.45 0.18-1.14 0.091
ER (< 10% vs. > 10%) 0.18 0.08-0.40 <0.001" 0.31 0.11-0.90 0.031
PR (< 10% vs. > 10%) 0.42 0.19-0.92 0.030" 0.81 0.27-2.40 0.701
Ki-67 expression (< 30% vs. > 30% and < 60% vs. > 60%) 2.91 1.65-5.14 <0.001" 2.67 1.35-5.31 0.005"
HER-2 status (negative vs. positive) 2.90 1.38-6.10 0.005* 4.03 1.54-10.54 0.004"
GGT level (< 29 vs. > 29) 0.36 0.13-1.03 0.057 0.23 0.06-0.96 0.043"
CT stage (cT1-2 vs. cT3-4) 0.96 0.46-1.97 0.907 0.80 0.32-2.00 0.630
cN stage (cNO vs. cN1-3) 2.1 0.72-6.16 071 1.43 0.39-5.21 0.590
near pCR
Age (<50 vs. > 50) 0.65 0.32-1.31 0.228 0.67 0.26-1.74 0.412
BMI (< 23 vs. > 23) 0.59 0.28-1.20 0.145 0.55 0.22-1.38 0.200
ER (<10% vs. > 10%) 0.24 0.11-0.52 <0.001" 0.27 0.09-0.83 0.023*
PR (< 10% vs. > 10%) 0.59 0.27-1.26 0.174 1.26 0.40-3.94 0.697
Ki-67 expression (< 30% vs. > 30% and < 60% Vvs. > 60%) 2.65 1.55-4.51 <0.001" 3.7 1.58-6.33 0.001"
HER-2 status (negative vs. positive) 3.86 1.85-8.07 <0.001" 4.91 1.89-12.79 0.001*
GGT level (< 29 vs. > 29) 0.24 0.09-0.69 0.008" 0.13 0.03-0.54 0.005"
T stage (cT1-2 vs. cT3-4) 116 0.58-2.34 0.674 0.82 0.32-2.09 0.679
cN stage (cNO vs. cN1-3) 0.58 0.23-1.47 0.251 0.21 0.06-0.80 0.022*

Univariate and multivariate analyses of the predictive markers of tpCR, bpCR, and near-pCR rate among patients treated with NAC were assessed. Univariate
analysis was performed using the x* test and multivariate analysis was performed using logistic regression.

OR = odds ratio; CI = confidence interval; tpCR = total pathological complete response; BMI = body mass index; ER = estrogen receptor; PR = progesterone
receptor; HER-2 = human epidermal growth factor receptor-2; GGT = gamma-glutamyl transferase; cT = clinical tumor stage; cN = clinical nodal stage; bpCR =
pathological complete response in breast; pCR = pathological complete response; NAC = neoadjuvant chemotherapy.

*p < 0.050.

Furthermore, in the subgroup analysis, pre-therapeutic serum GGT level had marginal
significance for RFS (Table 4; HR, 5.26; p = 0.050; 95% CI, 1.00-27.61) and DFS (Table 4; HR,
5.19; p = 0.050; 95% CI, 1.00-26.96) among hormone receptor (ER and PR)-positive patients
but not among HER-2-positive patients.

Relationship between pre-therapeutic serum GGT level and adverse reaction
Based on the adverse reaction data of 114 patients, univariate analysis showed that the
evaluated pre-therapeutic serum GGT level was significantly associated with the incidence of
increased aspartate transaminase (AST) during NAC (p = 0.019). Moreover, serum GGT levels
and adverse reactions were found to be correlated based on the multivariate analysis. Patients
with low serum GGT levels were associated with a significantly higher risk of grade 3—4
neutropenia (OR, 0.35; p = 0.047; 95% CI, 0.12-0.97) but a lower risk of either an increase

in alanine aminotransferase (OR, 6.16; p = 0.009; 95% CI, 1.57-24.17) or an increase in AST
(OR, 4.49; p = 0.008; 95% CI, 1.47-13.74) (Table 5).
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Figure 2. Kaplan-Meier curves for relapse-free survival. Kaplan-Meier survival estimates and log-rank tests were used to analyze the prognostic significance of the pre-
therapeutic serum GGT level among (A) HER-2 positive, (B) hormone receptor-positive breast cancer, and (C) all patients treated with neoadjuvant chemotherapy.
GGT, gamma-glutamyl transferase; HER-2, human epidermal growth factor receptor-2.
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DISCUSSION

To the best of our knowledge, the present study is the first to investigate the predictive value of
pre-therapeutic serum GGT level on NAC response in LABC. Based on prospective clinical trials,
we found that low serum GGT levels have statistically significant relationships with higher pCR
rates, prolonged DFS and RFS, and higher incidence of grade 3—4 neutropenia. Therefore, we
speculated that GGT might be a potential predictive biomarker for patients with LABC.

Until now, there has been no consensus on the optimal cutoff value for serum GGT levels. In
the current study, we selected the final quintile (29 U/L) of all patients' pre-therapeutic serum
GGT levels for stratification, which is also a median value between the average (24 U/L) and
the cutoffvalue of previous GGT cancer risk groups (36 U/L) [8,12,13,16,17]. The final quintile
is often used as the stratified value of a risk model in other clinical studies [18,19]; hence,

we considered it reasonable to use it in this study. Our findings verified that the baseline
serum GGT levels and patients' clinicopathological features, such as age, ER, PR, HER-2,
Ki-67 expression, and molecular types, were not correlated. Similarly, it was confirmed in the
retrospective study of Staudigl et al., [8] which involved 114 patients with primary metastatic
breast cancer, that serum GGT level was not associated with the patient's age, histological
type and grade, lymph node involvement, hormone receptor, and HER-2 status [8].
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Figure 3. Kaplan-Meier curves for DFS. Kaplan-Meier survival estimates and log-rank tests were used to analyze the prognostic significance of the pre-therapeutic
serum GGT level among (A) all, (B) HER-2 positive, and (C) hormone receptor-positive breast cancer patients treated with neoadjuvant chemotherapy.
GGT, gamma-glutamyl transferase; HER-2, human epidermal growth factor receptor-2; DFS, disease-free survival.
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A number of studies have also indicated that GGT is a prognostic biomarker for several
cancers in the adjuvant or rescue settings, such as in cervical cancer [13], endometrial cancer
[12], renal cell carcinoma [14], and primary metastatic breast cancer [8]; nevertheless, data
for patients receiving NAC are limited. Previous reports have focused on the relationship
between serum GGT levels and survival and have not assessed treatment responses. The
current study is the first to include the association between serum GGT level and pathological
outcome and survival of breast cancer patients who received NAC. We demonstrated that
patients with low serum GGT levels (< 29 U/L) are more likely to achieve tpCR, bpCR, and
near-pCR compared to those with high serum GGT levels (= 29 U/L). Furthermore, we
demonstrated that patients with low serum GGT levels have better RFS and DFS.

The results of our clinical study are in accordance with that of other experimental studies.
Traditionally, GGT has a vital role in the protection against oxidative stress during cell
metabolism, which means that GGT is able to modulate redox-sensitive functions, such as
antioxidant defenses and the proliferative/apoptotic balance of cells [4]. Previous research
has also demonstrated the increase of serum GGT levels in several malignancies [5]. In this
study, the investigators hypothesized that GGT might be associated with tumor development.
Wang et al. [20] found that the expression of GGT in tumor cells was increased, which could
promote the development and invasion of gastric cancer. Moreover, previous studies have
confirmed that GGT can affect the sensitivity of tumor cells to drugs [17,21,22]. Mares et al.
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Table 3. Univariate and multivariate RFS and DFS analyses

Variables Univariate analysis p-value Multivariate analysis p-value
HR 95% CI HR 95% Cl

RFS
ER status 0.82 0.26-2.59 0.739 0.51 0.13-1.98 0.329
PR status 1.08 0.32-3.64 0.892 3.09 0.61-15.66 0.172
Ki-67 2.76 1.10-6.97 0.031" 514 1.32-17.39 0.008"
BMI 2.10 0.63-7.00 0.224 1.72 0.41-7.18 0.457
cT stage 3.59 0.96-13.50 0.058 6.64 1.43-30.84 0.016"
cN stage 0.51 0.14-1.90 0.318 0.45 0.09-2.10 0.307
Age 0.74 0.23-2.33 0.604 0.64 0.17-2.44 0.512
GGT level 2.24 0.71-7.09 0.168 4.34 1.11-16.93 0.035*
HER-2 1.01 0.31-3.18 0.988 0.42 0.10-1.67 0.218

DFS
Age 0.77 0.26-2.24 0.630 0.76 0.20-2.89 0.690
BMI 1.61 0.52-4.95 0.405 1.26 0.34-4.69 0.726
ER status 0.94 0.32-2.81 0.914 0.46 0.12-1.70 0.244
PR status 1.51 0.43-5.27 0.523 3.02 0.63-14.58 0.168
Ki-67 expression 2.68 1.15-6.24 0.023* 5.72 1.69-19.42 0.005"
HER-2 status 1.28 0.44-3.68 0.647 0.58 0.16-2.04 0.393
GGT level 2.04 0.66-6.28 0.214 4.33 1.11-16.85 0.035*
cT stage 3.7 0.98-10.29 0.054 4.98 1.24-20.03 0.024"
cN stage 0.52 0.14-1.91 0.321 0.45 0.09-2.12 0.311

Cox analysis was used to analyze the prognostic significance of pre-therapeutic GGT levels in overall breast cancer patients.

HR, hazard ratio; CI, confidence interval; RFS, relapse-free survival; DFS, disease-free survival; ER, estrogen receptor; PR, progesterone receptor; BMI, body
mass index; cT, clinical tumor stage; cN, clinical nodal stage; GGT, gamma-glutamyl transferase; HER-2, human epidermal growth factor receptor-2.

*p < 0.050.

Table 4. Univariate and multivariate RFS and DFS analyses

Variables RFS DFS
HR 95% ClI p-value HR 95% Cl p-value
HER-2 positive
Age 0.50 0.02-12.82 0.672 0.43 0.02-11.71 0.620
BMI 1.51 0.04-62.26 0.829 119 0.04-35.87 0.920
ER status 0.36 0.01-16.00 0.600 0.38 0.01-17.06 0.620
PR status 1.73 0.18-780.1 0.250 12.76 0.19-866.79 0.237
Ki-67 expression 4.06 0.29-57.40 0.300 5.03 0.46-55.32 0.186
GGT level 11.20 0.54-231.90 0.118 11.83 0.55-254.25 0.114
cT stage 3.77 0.15-94.94 0.420 4.25 0.17-108.93 0.382
cN stage 0.27 0.02-4.42 0.357 0.26 0.02-4.50 0.355
Hormone receptor positive
Age 1.40 0.29-6.83 0.676 1.42 0.29-6.87 0.662
BMI 1.04 0.20-5.54 0.960 1.04 0.20-5.49 0.968
Ki-67 expression 3.42 1.06-11.04 0.040" 3.40 1.06-10.93 0.040"
HER-2 status 0.78 0.14-4.46 0.781 0.79 0.14-4.47 0.794
GGT level 5.26 1.00-27.61 0.050 5.19 1.00-26.96 0.050
T stage 4.84 0.92-25.38 0.062 4.91 0.94-25.69 0.060
cN stage 0.60 0.11-3.20 0.551 0.60 0.11-3.18 0.546

Cox analysis was used to analyze the prognostic significance of pre-therapeutic GGT levels in HER-2 and hormone receptor-positive breast cancer patients.
RFS, relapse-free survival; DFS, disease-free survival; HR, hazard ratio; Cl, confidence interval; HER-2, human epidermal growth factor receptor-2; BMI, body
mass index; ER, estrogen receptor; PR, progesterone receptor; GGT, gamma-glutamyl transferase; cT, clinical tumor stage; cN, clinical nodal stage.

*p < 0.050.

[23] found that GGT activity was significantly elevated in cisplatin-resistant glioma cells.
On the other hand, Franzini et al. [17] found that the overexpression of GGT reduced the
sensitivity of melanoma cells to cisplatin. GGT-overexpressing cells were also shown to be

more resistant to other chemotherapy drugs such as doxorubicin and 5-fluorouracil [24]. In

our patient cohort, those who had high levels of pre-therapeutic serum GGT showed less
sensitivity to NAC than those with low levels, which is consistent with previous findings.
Recent studies also demonstrated the potential role of GGT in ferroptosis through the
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Table 5. Association of pre-therapeutic serum GGT levels and adverse effects

Toxic reaction GGT level Toxic grade No. (%) © p-value” Logit-Pt OR* 95% CIS
Grade <3 Grade > 3
Neutropenia Low level 41(43.9) 54 (56.8) 2.49 0.119 0.047 0.35 0.12-0.97
High level 13 (61.9) 8 (38.1)
Leukopenia Low level 64 (67.4) 31(32.6) 0.3 0.718 0.486 0.67 0.22-2.02
High level 15 (71.4) 6 (28.6)
Grade < 2 Grade > 2
Anemia Low level 64 (67.4) 31(632.6) 0.62 0.603 0.312 0.55 0.17-1.75
High level 16 (76.2) 5(23.8)
Vomiting Low level 76 (80.0) 19 (20.0) 1.27 0.357 0.235 0.39 0.08-1.85
High level 19 (90.5) 12 (9.5)
Peripheral neuropathy Low level 61(64.2) 34 (35.8) 0.39 0.529 0.182 0.46 0.15-1.43
High level 15 (71.4) 6 (28.6)
Grade <1 Grade > 1
Hand-foot syndrome Low level 65 (68.4) 30 (31.6) 0.49 0.604 0.233 0.49 0.15-1.57
High level 16 (76.2) 5(23.8)
ALT increased Low level 79 (83.2) 16 (16.8) 2.94 0.083 0.009 6.16 1.57-24.17
High level 14 (66.7) 7(33.3)
AST increased Low level 54 (90.0) 6 (10.0) 5.50 0.019 0.008 4.49 1.47-13.74
High level 41(73.9) 15 (26.8)

GGT, gamma-glutamyl transferase; OR, odds ratio; Cl, confidence interval; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index;
ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor-2; cT, clinical tumor stage; cN, clinical nodal stage.

*Pearson [X? test; Tp-values were analyzed with adjustment for age, BMI, ER, PR, HER-2, Ki-67, cT, and cN; ¥OR was analyzed using multivariate logistic regression;
895% ClI was analyzed using multivariate logistic regression.
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mediation of GSH metabolism and the production of iron-dependent reactive oxygen species
[25]. These studies have explored the possible effects of GGT on tumor cell biology. Based
on these findings, we believe that GGT can enhance tumor cell resistance to chemotherapy,
indicating that serum GGT level might be a potential predictor of pCR. Nevertheless, the role
of serum GGT in different breast cancer molecular classifications remains to be elucidated.

In addition, previous studies have suggested that cisplatin-induced kidney damage is
associated with oxidative stress [26]. It was found in vitro that knockout or inhibition of
GGT resulted in increased susceptibility to cisplatin and kidney injury [27]. However, more
recent studies propose a different view. Fliedl et al. [28] found that after inhibiting GGT
expression through a specific inhibitor, the renal toxicity of cisplatin decreased. These
findings are indicative of a relationship between cisplatin nephrotoxicity and GGT-mediated
drug metabolism. In order to explore the relationship between serum GGT levels and adverse
effects, we analyzed the incidence of adverse reactions during NAC. Multivariate analysis
showed that patients with high serum GGT levels had a significantly lower incidence of
grade 3—4 neutropenia. This fact implied that patients with high serum GGT levels have a
better tolerance to chemotherapeutic drugs compared to those with low serum GGT levels.
However, the correlation between serum GGT levels and renal damage remained unclear in
our study. This may due to the fact that only one patient had a grade 3—4 creatinine increase,
which meant that the incidence of severe kidney damage was pretty low. Therefore, the
relationship between serum GGT level and cisplatin nephrotoxicity needs further research. In
summary, we hold the view that serum GGT levels have a predictive value in the incidence of
adverse reactions among breast cancer patients during NAC.

Alimitation of our investigation was the sample size, which might undermine the critical value
of GGT. However, since the majority of the participants in this study were patients undergoing
prospective clinical studies who have complete and highly reliable clinical and pathological
information, the limitation above most likely had little effect on our results. Moreover, although

https://doi.org/10.4048/jbc.2020.23.e59 518


https://ejbc.kr

JBC

our study only included patients receiving weekly paclitaxel and cisplatin regimens, other
researchers have already depicted the association between GGT and chemotherapy response in

Predictive Value of Gamma-Glutamyl Transferase in Breast Cancer Neoadjuvant Chemotherapy

liver metastatic colorectal cancer patients treated with FOLFOX4 with or without bevacizumab
[29], supporting the hypothesis that GGT could be used as a predictive factor for successful
patient response in other malignancies and chemotherapy regimens. Serum GGT level serves as
an indicator of oxidative stress and is clinically used to assess liver disease and excessive alcohol
consumption. Its serum concentration is affected by an array of factors, including hepatobiliary
diseases and anti-tumor therapy. In this study, we collected baseline patient information,
excluding patients with abnormal hepatobiliary function, and thus eliminating the influence of
liver disease and anti-cancer therapy. Despite these potential limitations, our results are clinically
valuable and may serve as a basis for future studies. Nevertheless, it is indispensable to further
increase the sample size and add other chemotherapy regimens to better verify our findings.
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