
Abstract. Background: Secretin-induced duodenal
aspiration (SIDA) of pancreatic duct fluid has been
proposed for pancreatic neoplasm screening in very high-
risk patients. We sought to determine the clinical yield and
safety of commercially-analyzed SIDA samples in patients
at moderately elevated risk. Patients and Methods: A
prospectively maintained institutional database of
pancreatic fluid DNA profiles was retrospectively reviewed.
Results: Fifty-seven patients underwent SIDA testing, most
commonly for intraductal papillary mucinous neoplasms
(n=43) and not otherwise specified solitary cysts (n=9).
SIDA mutation yield was low compared to 37 concomitant
endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA) samples of pancreatic fluid: KRAS (2.5% vs. 40.0%),
GNAS (2.6% vs. 11.1%) and allelic loss of heterozygosity
(3.1% vs. 0%). Patients undergoing SIDA alone experienced
no complications while 3 patients with concomitant EUS-
FNA had post-procedural pancreatitis. Conclusion: The
genetic yield of commercially-analyzed SIDA samples was
relatively low in a moderately elevated risk cohort. SIDA
testing may have a better safety profile than EUS-FNA.

Pancreatic cancer is projected to be the 3rd leading cause of
cancer-related deaths in the United States (1). Histopathologic
precursors to pancreatic cancer include microscopic pancreatic
intraepithelial neoplasia (PanIN) and radiographically
detectable cystic lesions such as intraductal papillary mucinous
neoplasms (IPMN) (2). Predicting which of these pre-
neoplastic lesions will progress to cancer is challenging, and
preclinical detection is even more difficult. The current strategy
for managing cystic lesions is outlined by the International
Consensus Guidelines (3, 4) but lacks specificity for detecting
high-grade (HGD) or invasive lesions (5, 6). 

Because of the relatively low incidence of pancreatic
cancer, most screening studies target very high-risk
individuals with multi-generational familial pancreatic
cancer or genetic syndromes associated with pancreatic
cancer (7). EUS has been shown to be the most sensitive
modality compared to cross-sectional imaging when
detecting pancreatic lesions in asymptomatic, high-risk
patients (8). EUS-fine needle aspiration (EUS-FNA) may be
performed with subsequent fluid or tissue analysis. In
general, cytology lacks sensitivity in detecting HGD or
invasive disease (9, 10). Mutation in the KRAS oncogene
detected by pancreatic fluid DNA analysis most consistently
suggests mucinous differentiation (11), but, in combination
with tumor suppressor gene mutations, has been associated
with malignant pathology (12-16). Pancreatic fluid
carcinoembryonic antigen (CEA) is mostly useful for
determining mucinous origin rather than dysplastic grade
(17-19). However, not all patients have lesions amenable to
sampling, and the overall reported adverse event rate for
EUS-FNA of pancreatic lesions is just under 3% (20). While
this figure is relatively low, this could represent a large
number of affected patients at high-volume institutions. 
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The collection of pancreatic juice from the duodenum
after secretin stimulation (SIDA) has been suggested as a
means for fluid analysis without the risk of pancreatic
puncture. Importantly, this technique may allow pancreatic
fluid analysis in patients with no detectable lesion (but
heightened risk due to family history) or lesions too small to
viably and safely sample by EUS-FNA. Prior studies have
shown promise for duodenal fluid analysis in predicting the
development of pancreatic cancer (21-23) or pre-malignant
pancreatic cysts (24); however, these were largely from a
single institution focused on the high-risk population. 

In the present study, we evaluate the utility of commercially
available genetic analysis of SIDA samples collected from
patients at moderately elevated risk – thus lower than prior
studies – based upon the presence of either pancreatic lesions
or a family history (≥1, first degree relative) of pancreatic
cancer/genetic syndrome. Additionally, we compare the safety
of SIDA technique to that of EUS-FNA. 

Patients and Methods

Patient population and sample collection. A prospectively maintained
single-institutional database of patient pancreatic fluid DNA profiles
was retrospectively reviewed from March 2016 (start date of this
protocol) through February 2018. All patients underwent endoscopic
evaluation using a secretin-induced duodenal aspiration of pancreatic
fluid (SIDA) protocol – aspiration of all gastric contents,
administration of 16mcg of intravenous secretin, followed 10 min
later by aspiration of duodenal/pancreatic fluid at or near the ampulla
(25). All samples were sent to Interpace Diagnostics Inc. (Parsippany,
NJ, USA) for commercially available genetic analysis. Patients with
concomitant EUS-FNA of pancreatic cyst/main duct fluid were noted.
Data were gathered and recorded in accordance with the Indiana
University Institutional Review Board.

Genetic analysis. Interpace Diagnostics utilizes the classic Sanger
Sequencing method to detect oncogene point mutations; allelic LOH
is determined using capillary electrophoresis to detect microsatellite
imbalance (personal correspondence, Dr. Sydney D. Finkelstein,
Chief Scientific Officer & Medical Director, Interpace Diagnostics).
Genetic analysis of SIDA samples by Interpace Diagnostics included
the following assessments as provided on the patient report:
DNA quantity: values indicated as “low,” “mildly elevated,”

“moderately elevated,” or “greatly elevated”. All but “low quantity”
were considered elevated in this study.
DNA quality: indicated as “poor” or “good” quality. 
Oncogene mutations: KRAS (codons 12, 13) and GNAS (codon

201) mutations were assessed for presence and clonality. “High
clonality” is indicated when >75% of DNA in a sample is affected
by the mutation (26). 
Tumor suppressor gene mutations: described as allelic loss of

heterozygosity (LOH). A panel of 16 genes (VHL, OGG1, PTEN,
MXI1, TP53, SMAD4, DCC, CDKN2A, RNF43, NME1, PSEN2,
TFF1, CMM1v, MCC, APC, NF2) were assessed for presence and
clonality (27). 
No amplification: sample wass insufficient to perform genetic

mutational analysis. 

Overall behavior: genetic features combined with clinical factors
generated an overall behavior designation/risk score - Benign,
Statistically Indolent, Statistically Higher Risk, Aggressive (28).
Determination of clinical variables and outcomes. The electronic
medical record was retrospectively reviewed for additional clinical
data. Family history included any first degree relative with a known
diagnosis of pancreatic cancer, and one patient with known BRCA2
mutation. Radiographic findings were based on the most recent
cross-sectional imaging prior to SIDA sample collection. Presumed
diagnosis at the time of SIDA sampling was determined using
imaging, clinical history, prior surgical pathology, prior biopsies or
cyst fluid analysis. The presumed diagnosis of IPMN required the
presence of multifocal cystic lesions; cysts with documented
connection to the main pancreatic duct; and/or cyst fluid mucin,
KRAS/GNAS mutation, carcinoembryonic antigen (CEA)
>192ng/ml, or cytology suggestive of IPMN. Solitary cysts lacking
these features were designated as “not otherwise specified” (NOS).
Overall outcomes were determined to be benign or malignant based
on clinical follow up, available cross-sectional imaging or
endoscopic evaluation with evidence of invasive mass lesion,
surgical pathology positive for cancer, cytology or biopsy results
concerning for malignancy. 

Statistical analysis. Descriptive statistics were calculated for the
patient cohort. Continuous variables were assessed using the Mann-
U Whitney test, whereas Fisher’s Exact test was used to compare
categorical variables including mutation incidence (IBM SPSS
software version 2.4, Armonk, NY, USA).

Results 

Full cohort SIDA samples. A total of 57 patients, considered
at moderately elevated risk of developing pancreatic cancer
compared to the general population, underwent SIDA with
genetic testing of pancreatic fluid. Average age at time of
procedure was 67.0 years old, and 43 patients (75.4%) were
female. Twelve patients (21.1%) were noted to have a family
history of pancreatic cancer/genetic syndrome (≥1, first
degree relative): 3 had no pancreatic morphologic changes,
7 had likely IPMN, and 2 had “not otherwise specified”
(NOS) solitary cysts. Of the remaining 45 patients (78.9%)
with no family history of pancreatic cancer/genetic
syndrome, 36 had presumed diagnoses of IPMN, 7 had NOS
solitary cysts, and 2 had presumed diagnosis of pancreatitis.
Mean main pancreatic duct diameter at the time of
endoscopy was 2.6±1.4 mm (n=32). Mean index cyst size
was 13.3±9.1 mm (n=50). 

SIDA samples from the 57 patients were assigned overall
behavior scores of low malignant potential. Specifically, for
the 12 patients with family history (higher end of the risk
spectrum for this study), 9 (75%) were benign and 3 (25%)
were statistically indolent. For the 45 lower risk patients
without family history, 36 (80%) were benign and 9 (20%)
statistically indolent. Most patients displayed an elevated
quantity of DNA [10 of 12 (83.3%) with family history; 29
of 43 (67.4%) without family history], while 50% (6 of 12)
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and 46.5% (20 of 43) of the respective groups showed good
quality of DNA (Table I). Overall mutation yield from SIDA
samples was low. Only 1 of 40 (2.5%) samples in the no
family history group displayed a low clonality KRAS
mutation; the same sample (1of 38, 2.6%) possessed a low
clonality GNAS mutation. This patient had a presumed pre-
procedure diagnosis of IPMN based on radiographic cyst
morphology and the presence of extracellular mucin in
pancreatic fluid. Low clonality allelic LOH was detected
only in 1 of 32 (3.1%) in the no family history group.

All 57 patients were found to have a benign outcome at
the most recent follow-up. For 54 patients, the mean follow-
up with available radiographic imaging was 29.4±8.6
months. Of the remaining 3 patients, the last evaluation with
imaging was at the time of SIDA sampling, so this outcome
was determined by cytology, overall clinical suspicion, and
genetic testing results. 

Concomitant EUS-FNA samples. Of the 57 patients that
underwent SIDA sample analysis, 37 concomitant EUS-FNA
samples (n=4, family history; 33, no family history) had DNA
profiling (Table I). The overall behavior scores were almost
entirely low-risk – family history: 4 (100%) benign; no
family history: 20 (60.6%) benign, 12 (36.4%) statistically
indolent, 1 (3.0%) statistically higher risk. In EUS-FNA
samples, the frequency of high quantity (25% family history,
p=0.063; 33.3% no family history, p=0.005) and good quality
DNA (25% family history, p=0.584; 27.3% no family history,
p=0.101) was lower than that of SIDA. In the no family

history group, EUS-FNA samples demonstrated a higher
detection rate for mutated KRAS (40.0%; p<0.0001) and
GNAS (11.1%; p=0.299) compared to SIDA. In contrast to
the SIDA results, no allelic LOH was detected in this group
on EUS-FNA fluid analysis (0%; p=1.000). 

In general, SIDA and EUS-FNA DNA profiles did not
correlate. None of the KRAS or GNAS mutations detected
by EUS-FNA were noted on SIDA sample analysis.
Likewise, the patient with both low clonality KRAS and
GNAS mutations detected on SIDA fluid analysis did not
display these features on EUS-FNA sampling. The single
patient with an elevated overall malignancy risk score on
EUS-FNA (statistically higher risk) was deemed statistically
indolent by SIDA. This was the only patient to undergo
surgical resection following SIDA sampling, and was found
to have a low-grade mixed-type IPMN. 

CEA levels were examined in 14 patients with SIDA and
concomitant EUS-FNA samples simultaneously tested. Eleven
patients (78.6%) showed a lower CEA level in the SIDA
sample than that of EUS-FNA. CEA levels were similar in 2
patients and higher in the SIDA sample for 1 patient. Median
CEA levels for the paired results were significantly lower in
SIDA samples than EUS-FNA [61.0 (6.0-138.0) vs. 436.0
(2.2-102010.0) ng/ml; p=0.029] (Figure 1). 

Post-procedural adverse events. Only 3 patients had post-
procedural adverse events. Two patients were diagnosed with
pancreatitis with characteristic abdominal pain and elevated
serum pancreatic enzymes, requiring inpatient treatment for <1
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Table I. Genetic features of EUS-FNA and SIDA samples by indication for endoscopy.

                                                            Elevated quantity          Elevated quality                  KRAS                         GNAS                           LOH
                                                                       DNA                             DNA

Indication                                N         SIDA     EUS-FNA      SIDA     EUS-FNA      SIDA      EUS-FNA     SIDA      EUS-FNA       SIDA    EUS-FNA
                                                                                                                                                                                                                        
Family history                        12     (10/12)       (1/4)          (6/12)         (1/4)          (0/12)         (0/3)          (0/9)          (0/4)           (0/11)        (0/3) 
                                                           83.3%        25.0%         50.0%        25.0%           0%              0%             0%             0%               0%            0%
  No morphologic changes     3          (3/3)         (0/1)           (2/3)          (0/1)           (0/3)          (0/1)          (0/3)          (0/1)           (0/3)         (0/1) 
                                                           100%           0%           66.7%          0%              0%              0%             0%             0%               0%            0%
  IPMN                                    7          (5/7)         (1/3)           (2/7)          (1/3)           (0/7)          (0/2)          (0/5)          (0/3)           (0/6)         (0/2) 
                                                           71.4%        33.3%         28.6%        33.3%           0%              0%             0%             0%               0%            0%
  Not otherwise specified        2          (2/2)         (0/0)           (2/2)          (0/0)           (0/2)          (0/0)          (0/1)          (0/0)           (0/2)         (0/0) 
  solitary cyst                                      100%           0%            100%           0%              0%              0%             0%             0%               0%            0%
No family history                   45     (29/43)     (11/33)       (20/43)       (9/33)         (1/40)       (12/30)       (1/38)        (3/27)         (1/32)      (0/24) 
                                                           67.4%       33.3 %        46.5%        27.3%          2.5%          40.0%         2.6%         11.1%           3.1%          0%
  IPMN                                   36       (24/35)      (8/29)        (17/35)       (7/29)         (1/33)       (11/26)       (1/31)        (2/23)         (1/26)      (0/20) 
                                                           67.4%        27.6%         48.6%        24.1%          3.0%          42.3%         3.2%          8.7%            3.8%          0%
  Not otherwise specified        7          (3/6)         (3/4)           (3/6)          (2/4)           (0/6)          (1/4)          (0/6)          (1/4)           (0/6)         (0/4) 
  solitary cyst                                       50%         75.0%         50.0%        50.0%           0%           25.0%          0%           25.0%            0%            0%
  Pancreatitis                           2          (2/2)         (0/0)           (0/2)          (0/0)           (0/1)          (0/0)          (0/1)          (0/0)           (0/0)         (0/0) 
                                                           100%           0%              0%             0%              0%              0%             0%             0%               0%            0%

Elevated quantity DNA: All but low quantity DNA; Good quality DNA: all but poor quality DNA. Results only include patient samples that were
amplified or tested.



week. The third patient had a presumed diagnosis of pancreatitis
with characteristic abdominal pain and anorexia; however,
serum pancreatic enzymes were not examined until 2 weeks
post-endoscopy and were found to be normal at that time. Of
note, each of these patients had concomitant EUS-FNA of
pancreatic cyst or duct fluid at the time of SIDA. None of the
20 patients with SIDA alone experienced an adverse event.

Discussion

In the current study, we present a single-institution series of
commercially-available SIDA fluid analyses. Much of the
existing work examining duodenal collection of pancreatic fluid
is from a single group using highly specialized sequencing
technologies. Furthermore, these reports focus on a very high-
risk population (patients with multi-generational family history
of pancreatic cancer or genetic syndromes), leaving a gap in
knowledge regarding patients with moderately elevated risk.
Overall, the rate of mutation detection in the present study was
much lower than that of the published literature. 

Specifically, mutated KRAS was detected in only 1 (2.5%)
of 40 SIDA samples with no family history of pancreatic
cancer or germline mutation, in an individual with a presumed
diagnosis of IPMN. This is significantly lower than the KRAS
mutation rate, between 49.5%-63.9%, reported for high-risk
individuals (defined by multi-generational family history or

germline mutation with predisposition to pancreatic cancer)
undergoing screening (21, 29). For low-risk individuals with
no significant familial predisposition, the rate of KRAS
mutation depended on pancreatic morphology and ranged from
18.2% for normal pancreas to 44.4% for patients with chronic
pancreatitis (21). Our results were most concordant with Iguchi
et al., showing a low rate of KRAS mutation (2.4%) in patients
with benign pancreatic disease (30).

GNAS mutations were detected in the present study at a
similarly low rate (1 of 38 patients tested, 2.6%). In patients
with a presumed diagnosis of IPMN, the reported rate of
GNAS mutation ranged from 53%-64.1% (23, 24). For
individuals undergoing screening for high-risk family
history, but without a presumed diagnosis of IPMN, the
incidence of GNAS mutation was lower (11.1%-19.2%) (21,
24). In a study by Kanda et al., 45.5% of small cysts <5mm
(not meeting their designated size criteria for IPMN) and 0%
of controls (without family history or IPMN diagnosis)
revealed GNAS mutations (24). 

Two main differences in study design may contribute to our
observed lower mutation detection rate. First, our definition of
family history (≥1, first degree relative) differs from prior studies
with much more stringent inclusion criteria defining “high-risk”
(i.e. multi-generational family history of pancreatic cancer).
Second, different sequencing techniques were employed. In the
present study, commercially available genetic analysis by
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Figure 1. CEA concentrations (ng/ml) for concomitant SIDA (gray dot) and EUS-FNA (black dot) samples by individual patient. Median CEA levels
were significantly lower in SIDA samples than EUS-FNA [61.0 (6.0-138.0) vs. 436.0 (2.2-102010.0) ng/ml; p=0.029]. 



Interpace Diagnostics uses the classic, gold-standard method of
Sanger Sequencing to detect oncogene point mutations. Prior
studies utilized specialized methods such as pyrosequencing (21,
22, 24, 29), single-strand conformation polymorphism analysis
(30), or digital next generation sequencing (23). 

There are few studies examining the presence of tumor
suppressor gene mutations in SIDA fluid. Yu et al. report the
rate of tumor protein p53 (TP53) or SMAD4 mutations in
patients with IPMN reached 30.4% (23). Another study found
a positive association between TP53 mutation incidence and
grade of dysplasia; no patients with low-grade IPMN or
pancreatic intraepithelial neoplasia 1 (PanIN1) revealed TP53
mutations (22). We detected allelic LOH of tumor suppressor
genes (Chr 17q) in only one patient with presumed diagnosis
of IPMN, consistent with our lower-risk patient cohort. 

In the present study, the rate of high quantity DNA was
significantly greater for samples gathered via SIDA
compared to EUS-FNA. This is expected, as DNA from the
pancreas, duodenum and biliary tree is collected during
SIDA, compared to pure pancreatic fluid during EUS-FNA.
Sadakari et al. have also reported higher concentrations of
DNA from fluid collected in the duodenum versus directly
from the pancreas. They propose that a higher level of non-
pancreatic DNA may obscure the detection of low frequency
pancreatic mutations (29). This may contribute to the low
rate of mutations detected in our analysis. 

Beyond genetic indicators, carcinoembryonic antigen
(CEA) is the current leading biomarker in distinguishing
between mucinous and non-mucinous cysts (17-19). We
examined CEA levels in 14 patients with both SIDA and
EUS-FNA pancreatic fluid tested for this biomarker. The
majority of cases revealed the expected trend of diluted
concentrations of CEA in SIDA fluid compared to EUS-FNA
fluid. Taken together, based upon the higher yield of
molecular and protein information, our findings support the
continued use of EUS-FNA over commercially analyzed
SIDA fluid for patients at moderately elevated risk due to
potentially preneoplastic cystic lesions or family history. 

Overall, we observed no correlation between genetic profiles
detected on SIDA fluid versus concomitant EUS-FNA fluid
analysis. Sadakari et al. performed a similar comparison but
detected 79.3% of KRAS and 33.3% of GNAS mutations in
both duodenal fluid and direct pancreatic duct fluid collections
(29). We propose several explanations for the weaker correlation
observed in our study. First, the majority of cyst/duct fluids
(n=31 of 37 total, 83.8%), were fine-needle aspirated just before
SIDA sampling, potentially depleting mutated DNA available
for collection by SIDA. This simultaneous collection contrasts
with that of Sadakari et al., in which the two collections were
often separated by several days (29), theoretically allowing
reconstitution of mutation-rich fluid within the pancreas. In
addition, multiple cysts with unique mutations may be missed
by cyst-specific EUS-FNA analysis but detected by SIDA fluid

analysis. Similarly, a mutation in the main ductal system rather
than a side branch/cyst, may be detected on SIDA fluid analysis
but not on EUS-FNA. Finally, inadequate or unequal “flushing”
of the side branches or cysts during secretin administration may
occur, resulting in inadequate fluid collection. 

Unique to Interpace Diagnostics fluid analysis is the
provision of an overall malignancy risk score, combining
clinical data with mutational data to predict the chance of
cancer development (28). While our rate of mutation
detection was lower than those of existing studies, all study
patients were in fact overall predicted to have a “benign” or
“statistically indolent” course. At the most recent follow-up,
these predictions held true, as no patients had developed an
overtly malignant lesion. Thus, the overall risk score that
combines clinical and genetic data may be more predictive
and clinically valuable than mutational data alone. 

Our study has several limitations. Though DNA profile data
were collected and stored retrospectively, other clinical,
radiographic, and outcome data were gathered retrospectively.
We used all available clinical information up to the time of
SIDA fluid analysis to develop a most likely diagnosis;
however, without surgical pathology, a true diagnosis cannot
be certain. Similarly, outcome designation was dependent on
clinical follow-up with radiographic imaging; without surgical
pathology, one cannot be certain of the absence of malignancy. 

The diagnostic yield of commercially-analyzed SIDA
samples in the present study was relatively low, reflecting a
population at only moderately elevated risk for pancreatic
cancer. Importantly, these results represent those obtainable
to the clinician without access to a specialized laboratory
with advanced sequencing technologies. The safety profile
of SIDA testing may be better than that of EUS-FNA with
no reported complications for SIDA-only patients. Taken
together, the clinical utility of commercially-analyzed SIDA
samples in this population warrants further study.
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