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Value of pancreatic cyst fluid SPINK1 and glucose in
differentiating potentially malignant cysts from those of
benign nature: A prospective cohort study
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Abstract

Background: Diagnosis of malignant pancreatic cystic lesions (PCLs) is challenging as there is no investigation
that offers both high diagnostic sensitivity and specificity for a definite diagnosis. Accurate diagnosis of
cyst type is vital in order to not miss opportunities for early treatment of potentially malignant lesions and
to avoid unnecessary surgeries. Serine protease inhibitor Kazal type I (SPINK1) and glucose are promising
cyst fluid markers for differentiation of mucinous from non-mucinous cysts. We aim to validate the value
of SPINK1 and glucose in detecting potentially malignant PCLs.

Methods: A prospective study was conducted on 80 patients presenting with PCLs. Endoscopic ultrasound (EUS)
evaluation of detailed cyst morphology and EUS with fine needle aspiration (FNA) were done. Fluid analysis
for carcinoembryonic antigen (CEA), glucose and SPINK1 and cytopathology were done. We compared these
data with the final diagnosis based on cytopathological and postoperative histopathological examination.

Results: Cyst fluid SPINK1 was significantly higher in malignant or potentially malignant cysts compared
to benign cysts (0.91 vs 0.47 ng/ml; P = 0.001). Also, glucose was significantly lower in malignant or
potentially malignant cysts compared to benign cysts (21.5 vs 68.5 mg/dl; P = 0.0001). Glucose and
SPINK1 had the best sensitivity and specificity for differentiating mucinous from non-mucinous cysts
with 84.78% and 73.53% (AUC 0.76; 95% CI [0.65-0.88]; cutoff value = 42 mg/dl), and 70.59% and 65.22%
(AUC 0.72; 95% CI [0.64-0.86]; cutoff value = 0.58 ug/L) respectively. CEA level >192 ng/ml, high SPINK1
level and lymph node enlargement were the independent predictors of malignant cysts.

Conclusion: Cyst fluid SPINK1 and glucose are promising diagnostic markers for the diagnosis of potentially
malignant PCLs.
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INTRODUCTION performed for non-pancreatic indications.!"! They have wide

Pancreatic cystic lesions (PCLs) are being increasingly

differential diagnoses, ranging from absolutely benign to
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malignant.” Hence, proper diagnosis is essential to guide
the management plan and help to prevent pancreatic
adenocarcinoma. However, the current standard of
management lacks sufficient accuracy.”

Endoscopic ultrasound (EUS) offers a high diagnostic
performance in delineating malignant features and enables
EUS with fine needle aspiration (FNA) (EUS-FNA) for
cytology. However, the diagnostic yield of cytology is
limited, with a pooled sensitivity of 63% and specificity
of 88%.F Carcinoembryonic antigen (CEA), the most
widely used cyst tumor marker, can differentiate mucinous
from non-mucinous cysts with a diagnostic accuracy of
80%; however, low values do not exclude malignancy and
surveillance is possibly a better resort.*”]

Cyst fluid glucose represents a simple and cheap biomarker
for detection of mucinous cysts with 90% accuracy,
as reported in a recent study.! At a cutoff value of
66 mg/dl, it could accurately differentiate non-mucinous
from pre-malignant mucinous cysts with 94% sensitivity

and 64% specificity (AUC 0.88).")

Serine protease inhibitor Kazal type 1 (SPINKI) is a
polypeptide encoded by the SPINK1 gene and synthesized
by several cell lines and tumors.'” It has been used as a
marker for various cancers such as ovarian, bladder and
renal cancers.'"'? SPINK1 measurement in pancreatic cyst
fluid is a good marker to distinguish benign from potentially
malignant PCLs with 85% sensitivity and 85% specificity
at a cutoff value of 118 mg/L.[""

In this study, we aimed to validate the value of glucose and
SPINK1 to differentiate mucinous from non-mucinous
pancreatic cysts.

PATIENTS AND METHODS

This prospective study was conducted in Kasr Al-Ainy
hospitals in the period from June 2018 to August 2020.
It assessed patients presenting with pancreatic cystic
lesions 210 mm in diameter and who were referred for
EUS-FNA. Patients unfit for endoscopy (e.g., those
with severe cardiovascular disease), those who had
contraindications to EUS-FNA such as coagulopathy,
and patients with stenosis or obstruction of esophagus
were excluded. EUS was performed in 80 patients; all of
them were included in the study. All procedures followed
were conducted with appropriate approval by the Ethics
Committee of Cairo University in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with

the Helsinki Declaration of 1975, as revised in 2008.1'4
Informed consent was obtained from all patients before
being included in the study.

All cases were subjected to history taking, full clinical
examination and laboratory investigations (CBC, INR and
total bilirubin). EUS was performed, and data regarding cyst
location, size, number, detailed morphology and pancreatic
duct diameter were collected. EUS was done under deep
sedation using Pentax echoendoscope EG-3870UTK
connected to Hitachi Avius Machine (Tokyo, Japan).
EUS-FNA was done using a 22- or 19-gauge echotip
needle (Cook medical company, NY). Cyst fluid sample
was submitted for testing for mucin stain, amylase, glucose
level, carcinoembryonic antigen (CEA), cytopathology and
SPINK1 using ELISA kits (Chongging Biospes Co., Ltd).
Cysts were considered malignant when any of the following
were present: cytopathological detection of malignancy,
presence of metastasis, presence of mural nodules that
progress in size within six months and postoperative
pathological diagnosis of malignancy, if available. Cysts
were considered benign when proved negative for
malignancy via cytopathological examination and were
followed up for at least six months without change in size,
detection of mural nodules, metastasis; or occurrence of
obstructive jaundice.

Statistical analysis

Data were coded and entered using the statistical package
STATA version 15. They were summarized using mean,
standard deviation, median for continuous variables and
using frequency and percentage for categorical data.
Comparisons between the two groups of patients were
done using independent sample 7 test or Mann—Whitney
U test, as appropriate. Logistic regression was done to
study predictors of malignant cysts. Receiver operating
characteristic (ROC) curves were constructed to assess
the discriminatory power of the study biomarkers in
diagnosing malignant lesions. P values less than 0.05
were considered as statistically significant. Multivariate
regression model was built using forward selection and
backwards elimination. Relevant predictors that revealed
significant P value (<0.05) in the univariate analysis were
included in the model.

RESULTS

A total of 80 pancreatic cyst samples were collected.
The mean age of patients was 49 + 11.75 years; 45 were
females (56.25%). Sixty eight, patients (85%) presented
with abdominal pain, 11 (13.75%) had abdominal swelling,
3 (3.75%) had weight loss, 6 (7.5%) had jaundice and
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2 (2.5%) had history of fever. In 12 patients (15%)
pancreatic cysts were incidentally detected on imaging for
unrelated symptoms.

Pancreatic cyst characteristics

Most of the cysts were single (70 patients, 87.5%), located
in the body of 37.5% of the patients. Mural nodules were
detected in 23 cysts (28.75%). The median size of the
mural nodules was 8 mm (7—11 mm). Twelve patients had
enlarged peripancreatic lymph nodes; they were mostly
small and reactive, except in 4 patients where they appeared
malignant. Dilatation of pancreatic duct was detected in
4 patients, as shown in Table 1.

Cyst fluid amylase was high (>250 U/L)!" in 4 patients

(5%). Median level of cyst fluid CEA was 90 (8.39-2750)
ng/ml. Median SPINK1 in cyst fluid was 0.56 (0.35-0.97)

Table 1: Baseline characteristics of pancreatic cysts

Number %
Type of pancreatic cyst and
number of loculations
Cyst type
Simple 35 37.75%
Complex 45 56.25%
Loculations
Unilocular 36 45%
Bilocular 1 1.25%
Multilocular 43 53.75%
Characteristics of cyst contents
Fluid content
Turbid 25 31.25%
Thick 42 52.5%
Mural nodules 23 28.75%
Calcification 7 8.75%
Enlarged lymph nodes 12 15%
Pancreatic duct dilation 4 5%
Doppler signal 2 2.5%
Number Percentage
Cytopathological diagnosis of
pancreatic cysts
Pseudocysts 29 (36.25%)
Mucinous cystadenoma 16 1
Serous cystadenomas 13 (16.25%)
IPMNs with high-grade dysplasia 8 (10%)
IPMNs with low-grade dysplasia 6 (7.5%)
Pancreatic adenocarcinomas 3 (3.75%)
with cystic breakdown
Cystic lymphangiomas 3 (3.75%)
Mucinous cystadenocarcinoma 1 (1.25%)
Duplication cyst with multiple 1 (1.25%)
pancreatic retention cysts
Biochemical analysis of cyst fluid
High amylase* 4 5%
Positive mucin stain 31 38.75%
Median Range
CEA (ng/m 90 (8.78-1560) (5-100000)
SPINK1 (ng/ml) 0.56 (0.35-0.97) (0.1-2.32)
Glucose (mg/dl) 50 (10-84) (2-171)
CEA (ng/ml) 90 (8.78-1560) (5-100000)
Amylase (U/L) 515 (0-1185)

*High amylase level>250 U/L

ng/ml. Median glucose level was 50 mg/dl, as shown in
Table 1.

According to EUS examination, and cytopathological
and biochemical analysis, the most common type was
pseudocysts followed by mucinous cystadenomas.
Table 1 shows the final cyst diagnosis. Fifteen patients
underwent surgery for various indications (7 IPMN, 3
pancreatic adenocarcinomas, 3 pseudocysts, 1 mucinous
cystadenoma, 1 serous cystadenoma). We followed all
non-operated cysts, whether mucinous or non-mucinous,
for at least 18 months with no change in the size of the
cysts, and there was no development of high risk stigmata
or metastasis.

Cysts were classified into non-mucinous (mostly benign cysts)
and mucinous cysts (malignant or potentially malignant
cysts). Malignant or potentially malignant cysts
(34; 42.5%) included intraductal papillary mucinous
neoplasms (IPMN) with low- and high-grade dysplasia,
mucinous cystadenoma, mucinous cystadenocarcinoma
and pancreatic adenocarcinoma with cystic breakdown.
Benign cysts (46; 57.5%) included serous cystadenomas,
pseudocysts and cystic lymphangioma.

Comparison between mucinous and non-mucinous
cysts

Mucinous cysts were mostly of complex nature, more likely
to contain intramural nodules and enlarged peripancreatic
lymph nodes compared to benign cysts (P < 0.001). There
was no statistical difference regarding the cyst size and
the presence of intramural doppler signals between the
two groups. Pancreatic duct dilation was only found in
potentially malignant cysts, as shown in Table 2.

Cyst fluid biochemical analysis revealed that, mucinous cysts
were more likely to have positive mucin stain and elevated
CEA levels (P < 0.0001, P = 0.001 respectively). Cyst
fluid SPINKT1 was significantly higher in mucinous than in
non-mucinous cysts (0.91 vs 0.47, P = 0.001). Glucose was
lower in mucinous compared to non-mucinous cysts (21.5
vs 68.5, P = 0.0001).

Accuracy of CEA, SPINKI1 and glucose

ROC curves revealed that area under the curve (AUC) was
comparable for CEA, glucose and SPINK1 (0.75, 0.76
and 0.72, respectively). Cyst fluid glucose had the highest
sensitivity, specificity and accuracy (84.8%, 73.5% and 80%,
respectively) as shown in Table 3.

The best sensitivity and specificity for CEA in predicting
mucinous cysts were at a threshold of 21.62 ng/ml (80% and
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Table 2: Comparison between malignant or potentially
malignant and benign cysts, regarding patients’ and cysts’
characteristics

Malignant or Benign cysts P
potentially (n=46)
malignant cysts
(n=34)

Age 49.53 (10.42) 48.60 (12.74) 0.7
Mean (SD)
Gender 16/18 18/28 0.6
Male/female 47.1%/52.9% 39.1%/60.9%
Type 7/27 26/20 0.001
Simple/Complex 20.6%/79.4% 56.5%/43.5%
Size 48.20 (19.95) 56.5(23.29) 0.1
Mean (SD)
Contents 21/13 34/12 0.2
Clear/turbid 61.8%/38.2% 73.9%/26.1%
Mural nodules 17 (50%) 6 (13%) <0.0001
Nodule size (mm) 8 (7-10) 8 (7-11) 0.9
Median (IQR)
Calcifications 2 (5.9%) 5 (10.9%) 0.4
Lymph nodes 11 (32.4%) 1(2.2%) <0.0001
Duct dilation 4 (11.8%) 0 (0%) 0.017
Doppler signal 2 (5.9%) 0 (0%) 0.09
Positive mucin stain 30 (88.2%) 1(2.2%) <0.0001
SPINK1 (ng/ml) 0.91(0.41-1.45) 0.47 (0.3-0.72) 0.001
Median (IQR)
Glucose (mg/dl) 21.5 (4-45) 68.5 (47-87) 0.0001
Median (IQR)
CEA (ng/ml) 84.65 (3.31- 2.86 (0.98-11.45) 0.0002
Median (IQR) 5540)
CEA (> 192 ng/ml) 15 (44.1%) 5 (10.9%) 0.001

60%, respectively) (AUC 0.75; 95% CI [0.61-0.89]; LR+ =
2.0000, LR— = 0.33) with overall accuracy of 71.11%, as shown
in Figure 1. At a threshold of 242 mg/dl, glucose excluded
mucinous cysts with sensitivity of 80%, specificity of 73.53%
and overall accuracy of 80% (AUC 0.76; 95% CI [0.65-0.88];
LR+ = 3.20, LR— = 0.207), as shown in Figure 2.

SPINKI1 level = 0.58 ug/L, in any cyst size, had a sensitivity
of 70.59% and specificity of 65.22% detection of mucinous
cysts with overall accuracy of 67.50% (AUC 0.72; 95%
CI [0.64-0.86]; LR+ = 2.0294, LR— = 0.451), as shown
in Figure 3. In the subcohort of small pancreatic cysts
(<3 cm in size), the best sensitivity and specificity were at
a cutoff value 0.95 ug/L (60% and 100%, respectively).
For cysts larger than 3 c¢m, a cutoff value of 0.58 mg/L
had the best sensitivity and specificity (72.41% and 64.29%,
respectively) with overall accuracy of 67.61% (AUC 0.73;
LR+ = 2.0276, LR— = 0.4291).

Predictors of malignant or potentially malignant cysts
In univariate logistic regression analysis, the presence
of complex cysts, mural nodules and lymph node
enlargement were shown to be highly predictive of
mucinous cysts, as shown in Table 4. Pancreatic duct
dilation was only associated with malignant cysts.
Mucin stain was positive in 30/34 of mucinous cysts.
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Figure 1: ROC curve analysis of cyst fluid CEA level
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Figure 2: ROC curve analysis of cyst fluid glucose level
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Figure 3: ROC curve analysis of cyst fluid SPINK1 level in any cyst size

An increase in cyst fluild CEA and SPINKI, increased
the probability of having a mucinous cyst. Low glucose
level was significantly related to malignant cyst nature,
as shown in Table 4.
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Table 3: Diagnostic accuracy of cyst fluid CEA, glucose and SPINK1

Cut off AUC Sensitivity Specificity Accuracy Positive LR Negative LR 95% CI
CEA (ng/ml) >21.62 0.75 80% 60% 71.11% 2.00 0.33 0.61-0.89
Glucose (mg/dl) <42 0.76 84.78% 73.53% 80% 3.20 0.207 0.65-0.88
SPINK1 (ug/L) >0.58 0.72 70.59% 65.33% 67.5% 2.0294 0.451 0.64-0.86

In multivariate analysis, CEA level >192 ng/ml, high
SPINKT level and lymph node enlargement were the
independent predictors of malignant cysts, as shown in
Table 4.

DISCUSSION

The management of PCLs is a common problem in
clinical practice."”! Mucinous pancreatic cysts may harbor
or develop invasive malignancy.'” Pancreatic ductal
adenocarcinoma (PDAC) is a deadly cancer, with an overall
survival of less than 8%.'¥ Thus, accurate classification
of PCLs is crucial in the prevention and early detection
of pancreatic cancer.!"” Due to limitations in diagnostic
accuracy with the current diagnostic modalities, there
remains a growing research interest in discovering novel
cyst fluid biomarkers that may improve the diagnostic
accuracy. The present study was designed to determine the
value of cysts fluid SPINK1 and glucose level in detecting
cysts with malignancy.

Mucin staining has been used for mucinous cyst
differentiation with sensitivity and specificity of 80% and
40%, respectively.” In our study, positive mucin stain
was significantly more frequent in potentially malignant
cysts (P < 0.0001). Another two studies have shown higher
sensitivity and specificity (85.45% and 86.05%, and 85%
and 95%, respectively) with PPV of 72.31% and 92%.1"-*

The most widely used pancreatic cyst fluid biomarker

is CEA. In our study, median cystic CEA level was
84.65 ng/ml in malignant PCLs which is significantly

Table 4: Predictors of malignant or potentially malignant cysts

higher than the levels in benign PCLs which was
2.86 ng/ml (P value = 0.0002). At the standard
threshold value of >192 ng/ml., CEA can differentiate
mucinous from non-mucinous cysts with an accuracy
of 77%, according to a large multi-institutional study of
1861 patients.” In our study, CEA >113 ng/mL had an
accuracy of 68.75% with high specificity at 86.96%, but
sensitivity was low at 44.12%. Thus, an alternative threshold
of 221.62 ng/ml was chosen to maximize the diagnostic
performance (sensitivity, specificity and accuracy was 80%,
60% and 71.11%, respectively). This threshold value is
similar to that chosen by Carr ez a/l; CEA 226 ng/mL
had relatively higher sensitivity, specificity and accuracy of
85%, 85% and 86%, respectively. However, CEA alone is
not accurate enough for routine identification of mucinous
cysts.*

Cyst fluid glucose represents a simple and cheap biomarker
for detection of mucinous cysts, that requires a small
amount of fluid with a relatively lower cost than CEA. Our
findings confirm the previously reported high diagnostic
performance of glucose.®*! Glucose was markedly
consumed in malignant or potentially malignant cysts that
was significantly lower than the glucose level of benign
cysts (21.5 vs 68.5, P = 0.0001). At <42 mg/dL, glucose
diagnosed mucinous pancreatic cysts with 80% overall
accuracy (84.78% sensitivity and 73.5% specificity). Carr
et al® found that median cyst fluid glucose was lower in
mucinous versus non-mucinous cysts (19 vs 96 mg/dL;
P < 0.0001). With a threshold of <50 mg/dL, cyst fluid
glucose was 92% sensitive, 87% specific, and 90% accurate
in diagnosing mucinous pancreatic cysts.

Univariate regression analysis

Multivariate regression analysis

OR (95% Cl) P OR (95% Cl) P
Age 1.007 (0.97-1.04) 0.7
Gender (Female) 0.83(0.33-2.06) 0.7
Recurrent pancreatitis 0.30 (0.06-1.50) 0.14
EUS cyst characteristics
Cyst size (largest diameter) 0.98 (0.96-0.99) 0.03
Type of cyst Complex 5.01 (1.82-13.84) 0.002 1.48 (0.31-7.03) 0.6
Presence of mural nodules 6.67 (2.24-19.83) 0.001 3.20 (0.49-20.45) 0.2
Lymph nodes enlargement 21.52 (2.61-177.14) 0.004 20.72 (1.11-385.17) 0.04
Multilocular cyst 1.61(0.65-3.98) 0.3
CEA>192 ng/ml 6.47 (2.05-20.42) 0.001 14.12 (2.39-83.22) 0.003
SPINK1 9.09 (2.62-31.59) 0.001 23.65 (3.10-180.62) 0.002
Glucose 0.97 (0.96-0.99) <0.001 0.99 (0.97-1.01) 0.48
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In our study, cyst fluid glucose performed better than cyst
CEA level in detection of mucinous cysts; glucose was
80% accurate compared to 71.11% for CEA. However,
AUC for glucose and CEA were similar, that is, 0.76 and
0.75 respectively.

Rity et alP) were the first to evaluate the role of cyst
fluid SPINKT1 in differentiating potentially malignant
from benign PCLs. They found that the patients with
a malignant or potentially malignhant cystic lesion had
significantly higher SPINKT1 levels than those with a benign
lesion (1609 £ 418 vs 46 + 21 ug/L; P = 0.0001). The
authors concluded that SPINK1 was a promising marker
and better than other markers (e.g., CEA and CA 19-9).

Our study supports the evidence for these previous
observations. We found that the median level of SPINK1
was significantly higher in malignant or potentially
malignant cysts compared to benign cysts (0.91 [0.41-1.45]
vs 0.47 [0.3-0.72], P = 0.001). The best sensitivity (70.59%)
and specificity (65.22%) of SPINKI1 to differentiate
potentially malignant from probably benign cysts were
at a cutoff value of 0.58 ug/L (AUC 0.72; LR+ =
2.0294, LR— = 0.451). We found that in small pancreatic
cysts (less than 3 cm in size), the best sensitivity (60%) and
specificity (100%) to differentiate potentially malignant
from benign cysts were at a cutoff value of 0.95 ug/L
(LR+ = 2.0276, LR— = 0.4291). For cysts larger than 3 cm,
a cutoff value of 0.58 mg/L had the best sensitivity and
specificity (72.41% and 64.29%) with overall accuracy of
67.61% (LR+ = 2.0276, LR— = 0.4291; AUC 0.73).

The cyst fluid SPINK1 measurements in our study are
lower than those in previous studies. This may be due to
the different laboratory techniques used. In our study, we
used ELISA technique (SPINK1 ELISA kits, Chongging
Biospes Co., Ltd), while in the studies by Rity ¢ 4/ in
20041 and Raty e al. in 2013, SPINK1 levels were
quantitated with a time-resolved immunofluorometric
assay (TR-IFMA) which is characterized by lower detection
limits and greater specificity and reproducibility.*’)

In our study, CEA >192 ng/ml, high SPINK1 and low
glucose measurements in cyst fluid were highly predictive
of malignancy in univariate analysis. Of these three markers
measured in cyst fluid, only CEA and SPINKI1 were
independent predictors of malignancy. This suggests that
these markers could be helpful in differentiating potentially
malignant cysts from benign cysts.

Our study should be viewed in the context of some
limitations that include the lack of a gold standard

postoperative histopathological diagnosis to all of the
PCLs and a lack of some important markers such as
cyst fluid DNA analysis that could have added more
diagnostic benefit. Further studies addressing new
markers are awaited. Also, this sample of patients were
mostly symptomatic, which may not represent other
clinicians' experience as many patients are asymptomatic
when presenting for medical attention.

In conclusion, this study has shown that EUS examination
of cyst morphology along with cytological analysis and
cyst fluid analysis for CEA, glucose and SPNK1 improve
the differentiation between different types of pancreatic
cysts. We suggest that SPINK1 and glucose measurements
may be good additional tests to disease history and
imaging, to detect cysts that possibly should be resected.
Cyst fluid glucose level at cutoff value of 42 mg/dl had
the highest sensitivity (84.78%), specificity (73.5%) and
accuracy (80%) for differentiating potentially malignant
cysts from benign cysts. However, the area under curve
was similar for all the three markers, CEA, glucose and
SPINKI. Larger comparative studies are still needed to
confirm these results.
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