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Abstract

Purpose In patients with neuroendocrine tumors (NETs) and liver metastases, increased gamma-glutamyltransferase (GGT)
is commonly assumed as an indicator for progressive disease. To date, however, empirical data are lacking. This study aimed
to investigate associations between GGT and liver tumor burden. In longitudinal analyses, associations of GGT and
radiographic responses of liver metastases under therapy were investigated.

Methods The cross-sectional sample consisted of 104 patients who were treated at the University Medical Center Hamburg-
Eppendorf from 2008 to 2021 (mean age 62.3 + 12.6 years, 58.7% male). GGT and liver imaging were identified in a time
range of 3 months. Radiologic reassessments were performed to estimate liver tumor burden. In a separate longitudinal
sample (n = 15), the course of GGT levels under chemotherapy was analyzed. Data were retrospectively analyzed with a
univariate ANOVA, linear regression analyses, and Wilcoxon tests.

Results Of 104 cross-sectionally analyzed patients, 54 (51.9%) showed a GGT elevation. GGT levels and liver tumor burden
were positively correlated (p < 0.001), independently from age, gender, primary tumor location, grading, and cholestasis.
Notably, GGT increase was associated with a liver tumor burden of >50%. In the longitudinal sample, 10 of 11 patients with
progressive disease showed increasing GGT, whereas 4 of 4 patients with regressive disease showed declining GGT.
Conclusion Our findings indicate that GGT is associated with liver tumor burden. Over the course of therapy, GGT appears
to change in line with radiographic responses. Further longitudinal studies with larger sample sizes are required to define
GGT as a reliable marker for tumor response.
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surgical therapy, systemic treatment is often required to
maintain the quality of life and prevent unhindered pro-
gression of the tumor disease [2]. Over the course of sys-
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of the human body [3]. It is found mainly in epithelia with
high secretory or absorptive functions, such as renal
tubules, bile ducts, liver, pancreas, and intestine [3]. It has
been used as a laboratory marker for more than 50 years and
is considered to be one of the most sensitive biomarkers for
liver conditions in general [4]. Serum GGT is associated
with increased oxidative stress [5]. Typical clinical condi-
tions in which GGT is elevated are alcohol consumption,
cholestasis, or drug intake. However, in patients with
malignancies, elevated GGT can also be a sign of advanced
disease [6, 7]. It is associated with poor prognosis in
patients with hepatocellular carcinoma [8], renal cell car-
cinoma [9], ovarian [6], and endometrial cancer [10]. In
clinical follow-up of NETs, increased GGT levels are
especially seen in patients with liver metastases. To the best
of our knowledge, there is no published data on the pre-
valence of increased GGT levels in patients with NETs and
possible associations with liver tumor burden.

To exemplify the clinical association between GGT and
liver tumor burden, we report the case of a patient with
pancreatic NET G2 (male, 40 years old). Upon the initial
diagnosis in 2004, he underwent a partial pancreatectomy
and splenectomy. After a long and stable treatment course
with Lanreotide from 2005 to 2018, laboratory testing
showed significantly increased GGT. In an abdominal
magnetic resonance imaging (MRI), a distinct hepatic pro-
gression was found (Fig. 1A). Another biopsy of the tumor

was performed, revealing a grade progression from G2 to
G3. Consecutively, the therapy regimen was changed to oral
chemotherapy with Capecitabine/Temozolomide (CAP-
TEM). Hereunder, partial remission with high response of
liver metastases was achieved, while GGT decreased from
an over tenfold increase of the upper normal limit back to
normal values (Fig. 1B). In early 2020, routine imaging
showed stable disease but growth of two liver metastases.
Transarterial chemoembolization was performed. In the
next laboratory follow-up, GGT levels increased noticeably.
Abdominal MRI showed another hepatic progression
(Fig. 1C). Third-line therapy was initiated within a clinical
study. In this case report, GGT changes were documented
twice before routine imaging, so serial GGT testing helped
to detect progression and lead to adaptation of therapy.
However, analyses of a larger sample are necessary to
extrapolate these individual findings to clinical practice.
This study primarily aimed to investigate associations
between GGT and liver tumor burden in a cross-sectional
sample of NET patients with liver metastases. We hypo-
thesized that high GGT values are associated with high liver
tumor burden. To evaluate the impact of GGT in predicting
the clinical course under therapy, we secondarily analyzed a
separate small sample of patients undergoing Streptozoto-
cin/5-Fluorouracil (STZ/SFU) treatment for pancreatic
NET. This sample was chosen since the clinical course was
well documented and GGT levels were available for each
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Fig. 1 Exemplary course of gamma-glutamyltransferase and liver
tumor burden. Notes: Images A, B and C were captured in the same
layer of transverse post contrast T1-weighted magnetic resonance
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cycle of therapy. In addition, this therapy holds the potential
for partial remission [11], thus giving the opportunity to
demonstrate GGT dynamics in case of decreasing tumor
burden. We hypothesized that progression or regression of
liver metastases are associated with GGT increase or
decrease, respectively.

Methods
Procedure
Sample 1

A retrospective cross-sectional analysis of all patients with
well-differentiated NETs and liver metastases undergoing
treatment at the University Medical Center Hamburg-
Eppendorf (UKE) between 12/2008 and 04/2021
(n=268) was conducted. We included patients who
underwent radiologic evaluation of the liver and testing for
GGT with 3 months or less in between. Recent surgical
therapy of the tumor and interventional therapies targeting
the liver had to be at least 6 months prior to the date of
evaluation to rule out its potential confounding influence.
Due to the considerable differences in tumor biology,
course of disease and therapy, neuroendocrine carcinomas
were not included in the analyses. Accordingly, all tumors
were classified according to WHO 2022 classification [12].
Thus, all G3 neoplasms were well-differentiated NETs G3.
Patients with neuroendocrine carcinoma (n=41), extra-
hepatic cholestasis (n = 6) or missing data for either radi-
ologic or laboratory findings (n = 117) were excluded. The
final sample consisted of 104 patients.

Sample 2

To investigate longitudinal associations of GGT levels with
radiographic response, a small sample of patients with well-
differentiated NETs of the pancreas and liver metastases
undergoing treatment with STZ/SFU in our center between
05/2005 and 12/2012 was analyzed. Radiographic response
of liver metastases (regression or progression) based on
RECIST 1.1 criteria and GGT testing within 3 months was
available for n = 15 patients.

Measures

Radiologic studies included contrast-enhanced computed
tomography (CT) (n=38), contrast-enhanced MRI
(n=30), and positron emission tomography (PET)-CT
(Tracer: %Ga-DOTA-TATE) (n=36). Imaging analyses
were conducted in consensus by two radiologists with three
and thirteen years of experience in abdominal radiology,

who were blinded regarding clinical data and laboratory
markers. The liver was evaluated in axial, sagittal, and
coronal planes in all available sequences and contrast pha-
ses. Since volumetry of individual metastases is not feasible
particularly in livers with high tumor burden, metastatic
load was categorized visually as a percent estimate of total
liver volume (very low, <10%; low, 10-25%; moderate,
25-50%; high, 50-80%; and very high, >80%), as recom-
mended by the ENETS Consensus Guidelines [13]. Good
inter- and intraobserver agreement has been shown for this
visual semi-quantitative method [14].

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics for Mac (Version 25) and Excel for Mac (Version
16.65). For cross-sectional analyses, three linear regression
analyses were conducted with GGT as independent variable
and age, gender, and clinical parameters as dependent vari-
ables (Model 1: age, gender, primary tumor location, liver
tumor burden, Model 2: age, gender, grading, liver tumor
burden; Model 3: age, gender, cholestasis, liver tumor bur-
den). Besides, a oneway ANOVA analysis was performed to
test for differences in GGT levels between five groups
separated by liver tumor burden (1: <10%, 2: 10-25%, 3:
25-50%, 4: 50-80%, 5: >80%). Post-hoc analyses were
conducted with Bonferroni correction. Longitudinal analysis
of our STZ/5FU cohort was conducted using Wilcoxon tests
for paired data. The significance level was set at p < 0.050.

Results

Sociodemographic data, therapy-relevant variables, radio-
graphic and laboratory parameters of the analyzed cross-
sectional sample are shown in Table 1.

Multivariate linear regression analyses showed a sig-
nificant association between GGT levels and liver tumor
burden in the general study population (p <0.001), con-
trolling for age, gender, primary tumor location, and cho-
lestasis, as shown in Table 2.

The prespecified groups based on liver tumor burden
differed significantly in GGT levels (p <0.001, Fig. 2).
ANOVA analyses revealed that patients with high or very
high tumor burden had increased GGT levels compared to
patients with very low (both p<0.001), low (both
p<0.001), and moderate tumor burden (p=0.002 and
p<0.001, respectively). Between patients with very low,
low, and moderate tumor burden, however, no differences
in GGT levels were found (each p = 1.0). For predicting a
liver tumor burden of >50%, GGT showed a sensitivity of
100% and a specificity of 70.4%. Positive and negative
predictive value were 61.1% and 100%, respectively.
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Table 1 Characteristics of the cross-sectional sample (n = 104)

Age (years), M (SD) 62.3+12.6
Gender, n (%)
Female 43 (41.3)
Primary tumor, n (%)
Small bowel 49 (47.1)
Pancreas 40 (38.5)
Lung 4 (3.8)
Rectum 2 (1.9
Kidney 1 (1.0)
Unknown 8 (7.7)
Grading, n (%)
Gl 29 (27.9)
G2 58 (55.8)
G3 13 (12.5)
GGT elevated, n (%) 54 (51.9%)
Mean GGT [U/l], M (SD) 117.2+173.6
Liver tumor burden, n (%)
<10 % 18 (17.3%)
10-25 % 32 (30.8%)
25-50 % 21 (20.2%)
50-80 % 27 (26.0%)
>80 % 6 (5.8%)
Cholestasis, n (%) 15 (14.4%)
Central metastasis, n (%) 31 (29.8%)
Single largest metastasis, n (%)
<Scm 63 (60.6%)
5-10cm 33 (31.7%)
>10cm 8 (7.7%)

M mean, SD standard deviation, G Grading, GGT gamma-
glutamyltransferase

In our cohort of patients with pancreatic NET treated
with STZ/SFU, regressive or progressive disease in the liver
was observed in 4 and 11 cases, respectively (Table 3). In
patients with regression, GGT levels decreased from a mean
value of 271 U/l to 46 U/l. Due to the small sample size,
Wilcoxon test showed no statistically significant difference
(p =0.067), yet four out of four patients showed a decline
in GGT levels. In patients with progressive disease, mean
GGT levels increased from 122 U/l to 337 U/l. This dif-
ference was statistically significant (p = 0.004) with 10 out
of 11 patients showing an increase in GGT.

Discussion

In our study, we demonstrated for the first time an asso-
ciation between GGT and liver tumor burden in patients
with NETs. Our data show that GGT elevation is common
in those patients and is associated with a high liver tumor

@ Springer

Table 2 Association of GGT and liver tumor burden by controlling
age, gender, grading, primary tumor location, and cholestasis

GGT B Standard error p
Model 1
Age 1.1 1.2 0.356
Gender, female —40.5 31.6 0.204
Primary tumor
Small bowel —105.9 56.0 0.061
Pancreas —-51.0 56.9 0.372
Other —44.4 77.1 0.566
Liver tumor burden (%) 70.6 12.4 0.000
Model 2
Age 2.0 1.3 0.125
Gender, female —52.7 31.8 0.100
Grading
2 33.0 35.1 0.349
3 89.4 54.2 0.102
Liver tumor burden (%) 61.0 13.6 0.000
Model 3
Age 1.2 1.2 0.331
Gender, female —42.7 30.9 0.169
Cholestasis —-25.2 41.9 0.550
Liver tumor burden (%) 73.8 12.5 0.000

Statistical analysis was performed via multivariate linear regression.
Model 1: Reference category of Primary tumor: unknown primary;
Model 2: Reference category of Grading: 1. Nagelkerke’s R?: Model
1=0.109; Model 2 =0.311; Model 3 =0.296

GGT gamma-glutamyltransferase

burden (>50%). Normal values imply low or moderate liver
tumor burden, being of high negative predictive value.
Longitudinal analysis of our STZ/5FU cohort showed, that
GGT values change accordingly to the clinical course.

Why do we find elevated GGT in patients with liver
metastases?

The pathophysiology behind the rise in GGT levels in
patients with liver metastasis has not been described yet.
Interestingly, we did not observe a significant effect of
radiologically detectable cholestasis on GGT levels.
However, detectability of cholestasis on imaging depends
on the imaging modality and is much lower on CT and
PET-CT than on MRI. Furthermore, the rise of GGT could
rather be driven by cholestasis in small bile ducts, unde-
tectable in radiographic imaging. The tumor micro-
environment of NETs has already been intensively
researched. It could be shown that infiltrating immune cells
mediate an immunosuppressive microenvironment [15,
16]. Therefore, peritumoral inflammation seems to be a less
likely explanation for GGT elevations in NET liver
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Fig. 2 Levels of gamma-
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Table 3 Characteristics, outcomes, and laboratory findings of 15

patients with pancreatic NET under chemotherapy with
Streptozotocin/5-Fluorouracil
Age in years, M (SD) 63 (13)
Gender, n (%)
Female 10 (66.7)
Grading, n (%)
Gl 320
G2 10 (66.7)
G3 1(6.7)
Hepatic progression, n (%) 11 (73.3)
GGT, start of therapy [U/I] 122 +89.9
GGT, time of progression [U/l] 337.3+329.1
Follow-up time [months], M (SD) 16.3 (14.3)
Hepatic regression, n (%) 4 (26.7)
GGT, start of therapy [U/I] 271 +226.1
GGT, time of regression [U/l] 455+14.3
Follow-up time in months, M (SD) 11.3 (6.7)

M mean, SD standard deviation, G Grading, GGT gamma-
glutamyltransferase

metastases. A connection between GGT activity in the
tumor’s membrane and hepatic tumor growth has been
reported for melanoma cells [7]. As GGT expression in
NET cells has not been investigated yet, increased cell
turnover in large GGT-positive metastases would pose an
explanation for the fact that GGT elevations are so com-
mon in our NET cohort. We therefore conducted a PCR
analysis on GGT expression in four different NET cell lines
compared to HEPG2-cells as a control sample. NET cells

25-50 50-80 >

Liver tumor burden [%)]

showed very low expression levels of GGT compared to
HEPG2-cells (data not shown). Thus, NET cells do not
seem to be the source of GGT elevations, it rather the
surrounding liver tissue. Hence, NET metastases to other
organs should not lead to elevated GGT.

Association between GGT and liver tumor burden

Considering GGT as a biomarker for liver metastasis, no
data for NETs were found. For renal cell carcinoma [9],
ovarian cancer [6], and endometrial cancer [10], elevated
serum GGT was shown to be of negative prognostic value
in general. In patients with colorectal cancer, an initial
decrease in GGT under therapy was associated with
improved overall response and progression-free survival
[17]. Yet, in the mentioned studies, there were no analyses
on the presence or size of liver metastases. A correlation
between GGT and liver tumor diameter and volume has so
far only been demonstrated for hepatocellular carcinoma
[8]. Liver metastases are common in a variety of solid
neoplasms, particularly in GI cancer, and monitoring them
is usually of great clinical importance. Our study demon-
strates a significant association between GGT and liver
tumor burden caused by metastases. This should also
prompt further research in other oncologic entities. The
clinical utility of GGT as a marker for liver tumor burden is
favored by the fact that it is an established, easy-to-access
and commonly performed test for various indications. It
should be noted, however, that only half of our patients,
whom all had liver metastases, showed an increase of GGT
at the time of evaluation. Hence, GGT is not suited for
ruling out liver metastases. If liver metastases are known
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though, normal GGT values might rule out a tumor burden
>50%, according to our data. Greater clinical utility of GGT
testing might, however, be achieved in serial testing over
the course of treatment.

Laboratory biomarkers for NETs

Due to the slow growth dynamics of NETs and con-
secutively long treatment and follow-up periods, there is a
clinical need for therapy monitoring with laboratory mar-
kers. A whole range of biomarkers are known for NETsS,
although some are only applicable to specific entities [18].
Measurement of 5-hydroxyindoleacetic acid in either urine
or plasma may be of use as a biomarker in functionally
active NETs of the small intestine, yet it has not shown to
be a reliable prognostic marker [19]. Chromogranin A
(CgA) is a protein found in cells of neuroendocrine origin
and has been the most widely used biomarker for neu-
roendocrine neoplasms in general to date [20]. It has shown
to be predictive of disease-free survival after surgery as well
as therapeutic response and is associated with a high liver
tumor burden [21-23]. A recent study found that CgA is
associated with disease progression in pancreatic NETs and
predictive of negative outcome in patients with small
intestine or cecum NETS, however, the results were limited
to these subgroups [24]. Regarding its role as a follow-up
parameter, a review and meta-analysis showed that it has
sufficient accuracy, especially when baseline values are
impaired [25] Other authors conclude that the sensitivity
and specificity of CgA are insufficient for its use as a
clinical biomarker [26]. For example, it has been shown that
CgA is also elevated in chronic liver diseases such as cir-
rhosis, hepatitis and hepatocellular carcinoma [27]. Fur-
thermore, not all NETSs reliably express and secrete CgA,
limiting its use in routine clinical practice [28]. NETest is a
novel diagnostic tool based on mRNA detection in the
patient’s blood [29]. Recent studies have shown it to be of
high diagnostic accuracy and predictive of disease pro-
gression or stable disease, respectively [30]. In comparison
to CgA, it was found to be far more accurate in predicting
therapy response or progression free survival [31]. How-
ever, NETest is still not in routine clinical use and costs are
estimated to be very high (3000-4000$/year). Like GGT,
alkaline phosphatase (AP) is a widely used laboratory
marker for cholestasis. Studies have shown it to be a
negative predictor of survival in patients treated for NETs
[32, 33]. Another recent study retrospectively analyzing 49
NET patients confirmed the negative prognostic value of
AP, but it found no correlation between AP levels and the
quantity or size of metastases [34]. Since AP elevation was
detected in only one in three patients and no correlation
with the disease extent was found, it may be less suitable as
a laboratory follow-up marker for NET patients.

@ Springer

To date, no study has focused on the potential role of
GGT for therapy monitoring in patients with neuroendo-
crine liver metastases. However, since GGT testing is often
performed, clinicians tended to attribute a rise in GGT with
hepatic progression. Hence, our study poses an evaluation
of an until then common clinical practice. The results sup-
port this assumption, showing that there is indeed an
association between GGT and liver tumor burden. It should
be noted, though, that low or moderate liver tumor burden
may not be detected by GGT testing. In patients with a low
liver tumor burden, the serial testing of GGT, therefore,
seems to be helpful only insofar as an increase in GGT can
indicate progression of the disease. Normal values do not
exclude progression, as in our analyses the GGT values
only rise reliably above a tumor burden of 50%. Accord-
ingly, serial GGT tests may be of less utility in these
patients. However, from a clinical point of view, close
surveillance is of greater importance in patients with high
tumor burden, as these patients have a worse prognosis [35].
In case of a sudden increase in GGT, liver tissue damage
due to other conditions should be considered. Change
dynamics might help to distinguish between liver tissue
damage or malignant progression, as GGT due to NET
progression appeared to increase slowly and steadily,
matching the clinical course of the patients.

When directly comparing GGT and the current standard
CgA as biomarkers for neuroendocrine tumor disease, there
are some important points to consider. Whereas CgA is of
prognostic value for intra- and extra-hepatic disease, GGT
has only been evaluated for liver tumor burden. Using CgA
as a biomarker is only possible in tumors expressing and
secreting CgA. In contrast, GGT is not dependent on tumor-
specific features and might be of value in all different kinds
of NETs with liver involvement. However, a larger study
addressing this point is warranted. As GGT determination is
part of routine laboratory diagnostic, results are often
immediately available, whereas CgA determination is
restricted to specialized laboratories and is often performed
only once a week or even less frequently, thus causing a
delay in response to changing values.

Limitations and strengths

There were several limitations to this study. This was a
single-center study with relatively small sample sizes, espe-
cially in the longitudinal cohort. Due to the retrospective
design, no causal conclusions can be drawn from the data. In
addition, retrospective studies carry the risk of selection bias.
Patients usually had multiple GGT testing with matching
radiographic evaluation. The time of evaluation was therefore
chosen individually for each patient, avoiding confounding
factors such as liver or biliary duct interventions, operations,
or other causes for GGT increase. However, we did not
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collect data on patients’ concomitant diseases (e.g., diabetes,
metabolic syndrome) or the use of medication, which might
have confounded the results. In addition, as GGT is not a
specific lab test, there may have been unknown confounders
facilitating GGT elevations. Imaging evaluation was done on
a visual scale, a method which has been established in similar
studies but to which a certain degree of subjectivity is
inherent. This approach was chosen because a very large
number of liver metastases were present in our patient col-
lective, so volumetry of each one would not have been fea-
sible. However, since readers were blinded to clinical
information and laboratory findings, the subjectivity of the
method does not create any systematic error. Regarding the
longitudinal analysis, which was conducted exploratively, no
direct conclusions can be drawn for clinical practice due to
the small sample size. However, to our knowledge, this study
is the first to investigate GGT as a biomarker for clinical
follow-up of liver metastases.

Implications

The association between GGT elevations and liver metas-
tases demonstrated in this study should raise physicians’
awareness of possible disease progression when detected in
a routine examination. Further research in larger long-
itudinal series is required to assess the utility of GGT as a
follow-up parameter. If confirmed in future studies, GGT
can be implemented in clinical practice as a very cost-
effective tool for therapy monitoring of liver metastases
under systemic treatment for NETSs to trigger radiographic
evaluation, thereby allowing timely detection of disease
progression and adaptation of therapy.
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