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Abstract

Introduction: Neutrophil gelatinase-associated lipocalin — 25 kDa peptide — is at present one of the most fascinating and
unrecognised proteins implicated in the process of tumour development. Precise assessment of pancreatic cystic lesions is crucial
for selecting available treatment options, such as conservative therapy or surgical resection.

Aim: To determine the utility of NGAL concentration in cyst fluid obtained by endoscopic ultrasound (EUS) with EUS-guided
fine-needle aspiration (EUS-FNA) to distinguish neoplastic pancreatic cysts from pseudocysts.

Material and methods: Twenty-two patients underwent EUS and FNA of a pancreatic cystic lesion; 9 of these patients un-
derwent surgical resection, providing a histologic diagnosis of the cystic lesion. Furthermore, the final diagnosis was based on
cyst fluid cytology, cyst fluid tumour markers (CEA, CA 72-4, CA 19-9), and medical history. Patients were divided in two groups:
cystic neoplasms and inflammatory cysts (pseudocysts).

Results: The final diagnosis was pseudocyst in 7 patients, serous cystadenoma in 4, mucinous cystadenoma in 3, intra-
ductal papillary mucinous neoplasms in 6 patients, and cystic form of pancreatic adenocarcinoma in 2. Cyst fluid analysis of
these patients showed that median cyst fluid NGAL for the cystic neoplasm group (211 ng/ml; n = 15) was significantly lower
(p = 0.02) than the inflammatory cystic group (4689 ng/ml; n = 7). Correlation analysis showed that only fluid CA 72-4 was

positively related to NGAL (r = 0.8, p < 0.01).

Conclusions: In this single-centre study, pancreatic cyst fluid NGAL concentration appeared to be useful in distinguishing
neoplastic pancreatic cysts from pseudocysts. Larger studies are recommended to evaluate this role further.

Introduction

Pancreatic cystic lesions are usually found during
routine abdominal ultrasound or cross-sectional im-
aging studies. The differential diagnosis of pancreatic
cysts includes a very broad range of conditions, i.a. cys-
tic neoplasms, solid neoplasms with cystic degenera-
tion, or non-neoplastic cysts. There is no gold standard
test for pancreatic cystic lesions. However, imaging find-
ings, clinical history, and cystic fluid cytopathological
and biochemical analyses may be of help in differential
diagnosis [1].

Endoscopic ultrasound (EUS) is a source of valuable
information about pancreatic cysts [2]. Endoscopic ul-
trasound-guided fine-needle aspiration (EUS-FNA) can
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be used to collect pancreatic cystic fluid for cytopatho-
logical and biochemical analyses. In some cases, cys-
tic fluid amylase and carcinoembryonic antigen (CEA)
levels may also be useful for differential diagnosis [3].
However, there are no reliable biochemical factors or ul-
trasound criteria that would enable preoperative differ-
entiation of different types of pancreatic cysts. Specific
and sensitive cystic fluid markers for the differential
diagnosis of pancreatic cysts are still needed.
Neutrophil gelatinase-associated lipocalin (NGAL),
a 25-kDa peptide, is one of the most fascinating but
unrecognised proteins involved in the process of tu-
mour development. Its expression is dysregulated in
many benign and malignant diseases. It is now under
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investigation as a diagnostic and prognostic biomarker
in many diseases, including inflammatory conditions
and cancer, due to its small size, relative stability, and
secretory characteristics.

Until now, NGAL has been mainly studied as an
inflammatory factor and a marker of kidney damage
[4]. However, according to recent studies NGAL plays
a potential role in cancer development. It may also ex-
hibit pro-oncogenic or anti-oncogenic actions [5]. In
fact, it is the NGAL/MMP-9 (matrix metalloproteinase)
complex that is associated with the oncogenic effect
[6], while the anti-neoplastic effect of NGAL is related
to the inhibition of a pro-neoplastic factor hypoxia-in-
ducible factor 1a (HIF-1a), HIF-1a-dependent vascular
endothelial growth factor (VEGF), and focal adhesion
kinase (FAK) [7, 8].

We hypothesised that NGAL concentration in cystic
fluid is a potential diagnostic marker for a broad spec-
trum of pancreatic cystic lesions. However, there are no
studies in the literature evaluating cystic fluid NGAL
levels in pancreatic cysts.

Aim

The purpose of the study was to determine the util-
ity of NGAL concentration measurements in cystic fluid
obtained by EUS-FNA in distinguishing between neo-
plastic pancreatic cysts and pseudocysts.

Material and methods

We evaluated patients who had been admitted to
the pancreatic outpatient clinic and diagnosed with
cystic pancreatic lesions between August 2011 and
September 2012. Patients were included in the study
when EUS-FNA was indicated. We excluded patients
who had not consented to the study or patients with
too little cystic fluid obtained for analysis. We gath-
ered the following information: EUS characteristics
of the cystic lesions, location, and number of lesions.
The EUS-FNA was performed with curvilinear echo-en-
doscopes. Standard 19- or 22-gauge needles were used.
We noted the characteristics of the aspirated cystic flu-
id: volume, colour, and viscosity. Cystic fluids collected
with EUS-FNA were sent for cytopathological, biochem-
ical, and NGAL analyses. All patients had estimated glo-
merular filtration rate (eGFR) within the reference range.

Twenty-two patients underwent EUS-FNA of a pan-
creatic cystic lesion: nine of those patients underwent
surgical resection with subsequent histological exam-
ination of the cystic lesion. Furthermore, the final di-
agnosis was based on cystic fluid cytology, cystic fluid
tumour markers (CEA, CA 72-4, CA 19-9), and medical
history. Patients were divided into two groups: cystic
neoplasms and inflammatory cysts (pseudocysts).

The value of cystic fluid NGAL was correlated to
corresponding cytological examination, surgical histo-
pathology (when available), and levels of tumour mark-
ers in the cystic fluid. Cystic fluid CEA, Ca19-9, CA 72-4,
and amylase levels were measured with an automated
analyser in the reference clinical biochemistry labora-
tory. Some of the cystic fluid was stored before NGAL
analysis.

The NGAL assays were performed using a stan-
dardised clinical platform (ARCHITECT analyser). The
ARCHITECT® assay was characterised by functional
sensitivity < 2 ng/ml (20% coefficient of variation (CV),
95% confidence).

Statistical analysis

Student’s t-test was used to compare average val-
ues across groups with p-value of 0.05 determining
significance. The Spearman correlation coefficient was
used to evaluate the relationship between NGAL, tu-
mour markers and amylase. In all analyses, the level of
significance was set at a = 0.05.

Results

A pseudocyst was diagnosed in 7 patients, serous
cystadenoma in 4, mucinous cystadenoma in 3, intra-
ductal papillary mucinous neoplasms in 6 patients, and
cystic forms of pancreatic adenocarcinoma were iden-
tified in two individuals (Table I).

Cystic fluid analysis of these patients showed that
median cystic fluid NGAL for the cystic neoplasm group
(211 ng/ml; n = 15) was significantly lower (p = 0.02)
than in the inflammatory cyst group (4689 ng/ml;
n=7) (Figure 1).

Correlation analysis showed that only fluid CA 72-4
was positively associated with NGAL (r= 0.8, p < 0.01).
Other correlations were as follows: CEA r = 0.006, CA
19-9 r =-0.01, and amylase r = -0.11 (Table Il).

Discussion

Increased detection of cystic lesions of the pancreas
has led to a rise in the number of pancreatic surgical
resections [9]. However, since many cystic lesions are
known to be benign, resection may be unjustified in
many cases. Thus, it is of the utmost importance to
characterise cystic neoplasms and to distinguish cystic
neoplasms of the pancreas from pseudocysts.

The NGAL has been suggested as a protein playing
an important role in carcinogenesis of various neo-
plasms and a key player in the development of dif-
ferent cancer types [10, 11]. In the main part of the
analysed dataset NGAL transcripts were significantly
higher in most solid tumours compared to the corre-
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Table 1. Clinical and pathological features of pancreatic cystic lesions

Parameter Pseudocysts Serous cystadenoma Mucinous Intraductal papillary Cystic form
cystadenoma mucinous neoplasms of pancreatic
adenocarcinoma
N 7 4 3 6 2
Age, mean 54 56 60.6 75 70
[years]
Sex Women: 2 Women: 4 Women: 1 Women: 6 Women: 1
Men: 5 Men: O Men: 2 Men: O Men: 1
Site Head: 2 Head: 1 Body: 1 Head: 1 Head: 2
Body: 1 Head/body: 1 Body/tail: 1 Head/body: 1
Body/tail: 2 Body: 2 Tail: 1 Body: 1
Tail: 1 Body/tail: 1
Tail: 2
Size (a x b) 2112 1005 1222 243 1022
[mm’]
Signs Acute and chronic Pain, acute Pain, acute Pain, weight loss Anaemia, weight loss

pancreatitis, pain,
weight loss

pancreatitis

5000
4500 +
4000 +
3500+
3000+
2500+
2000 4
1500 +
1000
500+

NGAL concentration [ng/ml]

Cystic neoplasm group IInflammatory cystic group

Figure 1. Pancreatic cyst fluid NGAL concentration

sponding normal tissues. Moreover, concordance of
NGAL at both mRNA and protein levels was observed
in various types of cancer: colorectal, lung, liver,
ovarian, and pancreatic [10]. All metastatic tumours
showed reduction in NGAL expression compared to
matched primary lesions. The NGAL can also be de-
tected in bile and might be useful as a novel biomark-
er distinguishing between benign and malignant bili-
ary obstruction [12].

The oncogenic effect of NGAL may be related to the
NGAL/MMP-9 complex. NGAL’s ability to form a dimeric
complex with MMP-9 protects MMP-9 from autodegra-
dation and, consequently, leads to increased gelatino-
lytic action of MMP-9 on the extracellular matrix [13].
It has been shown that NGAL may promote cancer de-
velopment in a variety of different cancer types through
this mechanism [14, 15]. Conversely, it has been demon-
strated that the anticancer actions of NGAL are related
to its ability to inhibit the pro-neoplastic HIF-1a factor,
synthesis of HIF-1a-dependent VEGF, and phosphoryla-
tion of FAK kinase [8].
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pancreatitis

Table Il. Correlation coefficient between NGAL and
tumour markers

NGAL CEA CA 19-9 CA72-4 Amylase

r —-0.006 -0.01 0.8 (p < 0.01) -0.11

The NGAL is also an acute-phase protein [16], it
plays a role in inflammation [17], and it becomes upreg-
ulated in the lung under inflammatory conditions [18].
Numerous factors ranging from proinflammatory cyto-
kines, such as interleukins, tumour necrosis factor-a,
and interferons, to vitamins, like retinoic acid, regulate
NGAL expression. NGAL is also known as a protective
factor in oxidative stress [19].

Numerous factors ranging from proinflammatory cy-
tokines, such as interleukins, tumour necrosis factor-a,
and interferons, to vitamins, like retinoic acid, regulate
NGAL expression.

The NGAL is a sensitive marker of ischaemic dam-
age to renal tubular epithelium and thereby indicates
NGAL as an early, next-generation predictor of acute
kidney injury [20, 21] as well as other diseases, such as
acute pancreatitis [22, 23].

Our results show that the concentration of NGAL
in cystic fluid was significantly elevated in inflam-
matory cysts (pseudocysts) compared to cystic neo-
plasms. This observation may be explained by the
fact that NGAL is a proinflammatory molecule and its
expression can be induced by several cytokines and
growth factors, including interleukin-1 [24], transform-
ing growth factor a (TGF-a) [25], and tumour necrosis
factor a. (TNF-a) [26]. Results suggest that NGAL may
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be helpful in distinguishing pancreatic cystic lesions
and is a candidate marker for identification of pseudo-
cysts.

Our results show that only cystic fluid CA 72-4
correlated positively with NGAL. No other significant
correlations involving CA 19-9, CEA, or amylase were
observed.

This is the first study investigating cystic NGAL levels
in a broad spectrum of pancreatic cystic lesions. Howev-
er, it has some important limitations, e.g. selection bias
because we included only patients who had undergone
EUS-FNA. Those patients represent a subset of a popula-
tion with suspicious or atypical lesions on initial evalu-
ation. Our results may not reflect the entire population
of patients with pancreatic cysts. The second limitation
concerns the small number of patients in some subsets
of the study group because some cystic lesions, including
cystic form of pancreatic adenocarcinoma, were very rare.
EUS-FNA was performed only in atypical pseudocysts
without clear history of pancreatitis or during EUS-guided
cystogastrostomy. Finally, although we measured cystic
NGAL levels, we did not measure serum NGAL levels for
comparison and correlation analyses.

Although NGAL elevation in cystic fluid lowered the
suspicion of neoplastic cyst, when a high concentration
of NGAL is present, this is admittedly still not sufficient-
ly reassuring in lots of patients. This implies that cau-
tion should be used in these cases. Further studies are
needed to assess factors that confirm (hypothetically
combined with tumour markers such as Ca 72-4) the
high risk of neoplastic pancreatic tumours.

Conclusions

In this single-centre study, NGAL concentration
in pancreatic cyst fluid appeared to be useful for dis-
tinguishing between neoplastic pancreatic cysts and
pseudocysts. Larger studies are recommended to fur-
ther evaluate this role.
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