—CQriginal Article—

Molecular analysis of pancreatic cyst fluid changes clinical
management
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ABSTRACT

Background and Objectives: DNA molecular analysis has been suggested as a tool to evaluate pancreatic cysts. This study
assesses whether the addition of DNA molecular analysis alters clinical management. Methods: This is a retrospective
review of 46 consecutive patients who underwent EUS-FNA of pancreatic cysts with DNA molecular analysis at two major
academic institutions. Cases were presented to two pancreaticobiliary surgeons first without and then with DNA molecular
analysis data. The primary outcome was the frequency with which clinical management was altered with the addition of
DNA molecular analysis. Results: Forty-six patients with a mean age of 62.0 (+13.4) years and mean cyst size of 3.2 (+£2.3)
cm were included in the study. Cyst carcinoembryonic antigen (CEA) was available in 30 patients and ranged from 0.4 to
15,927 ng/mL. DNA molecular analysis was described as benign in 23 (50%), statistically indolent in 13 (28%), statistically
higher risk in 9 (20%), and indeterminate in 1 (2%). Surgeon #1 changed the management in 13/46 cases (28%) and surgeon
#2 changed the management in 12/46 cases (26%) with the addition of DNA molecular analysis. When organized by CEA
concentration, those with an intermediate CEA (45-800 ng/mL) or without a CEA concentration had a management changed
more frequently (40%) compared to all others (P < 0.05). Conclusions: The addition of DNA molecular analysis alters the
clinical management of pancreatic cystic lesions most often when CEA levels are intermediate (45-800 ng/mL) or when no
CEA concentration is available. Use of DNA molecular analysis can be considered in this cohort. Further study of molecular

markers in pancreatic cystic lesions is recommended.
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INTRODUCTION

Pancreatic cysts are increasingly encountered in clinical
practice and have received significantly more attention
in recent medical literature as a result. Studies of
routine abdominal cross-sectional imaging have shown
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prevalence rates ranging from 1.2% to 2.4% in the
general population.l!! Despite increased detection, the
management of cystic lesions remains challenging given
the difficulty in accurately identifying a preoperative

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Arner DM, Corning BE, Ahmed AM, Ho HC,
Weinbaum BJ, Siddiqui U, et al. Molecular analysis of pancreatic cyst
fluid changes clinical management. Endosc Ultrasound 2018;7:29-33.

Address for correspondence

Dr. Bryan G. Sauer, Box 800708, University of Virginia Health System, Charlottesville, VA 22908, USA.

E-mail: bryansauer@virginia.edu

Received: 2016-06-17; Accepted: 2017-12-27; Published online: 2018-02-15

I © 2018 SPRING MEDIA PUBLISHING CO. LTD | PUBLISHED BY WOLTERS KLUWER - MEDKNOW



Arner, et al.: Molecular analysis in pancreatic cysts

diagnosis, the unknown natural history of many cystic
lesions, and our inability to predict malignant potential.
This study was designed to evaluate whether the clinical
management is altered with the addition of DNA
molecular analysis to our current diagnostic modalities.

There are a number of investigational tools to risk
stratify pancreatic cysts; however, current guidelines
provide only consensus statements on their use given a

23

lack of evidence-based data.™ Cross-sectional imaging

alone affords a highly variable preoperative diagnosis
with accuracy rates ranging from 20% to 82%.1*
Overall reported accuracy of EUS in determining
mucinous cysts remains marginal at approximately
50%. The addition of FNA with cyst fluid analysis can
be valuable. Carcinoembryonic antigen (CEA) values
>192 ng/ml are predictive of a mucinous lesion with
sensitivity of 75% and specificity of 84%; however,
CEA values have not been correlated with malignancy.
Cytology remains of limited value with sensitivities
ranging from 20% to 50%."" Needle-based confocal
microscopy may offer improved specificity (100%) in
detection of pancreatic cystic neoplasms but is limited
by low sensitivity (59%).5

Limitations of diagnostic tests, particulatly the inability
to predict malighant potential, encouraged evaluation of
molecular DNA analysis as an adjunctive tool. Khalid
et al. determined that increased pancreatic cyst fluid
DNA and loss of heterozygosity (LOH) of tumor
suppressor genes and of A-7as mutations correlate with
malignancy.”’ Furthermore, a recent study suggested
that molecular analysis more accurately determined the
malignant potential of pancreatic cysts when compared
to the Sendai 2012 guidelines.""! However, molecular
DNA analysis remains expensive and the additional
data provided by DNA molecular analysis may not
alter pancreatic cyst management. Therefore, we sought
to evaluate whether the addition of DNA molecular
analysis alters the clinical management.

METHODS

We performed a retrospective review of all patients
who had undergone EUS with FNA of pancreatic
cysts and DNA molecular analysis at two major
academic institutions from May 2010 to June 2011
and included follow-up of the lesions through 2015
when available. Exclusion criteria included age <18 or
malignant cells visualized on cytology. IRB approval
was obtained. All patients had undergone routine

cross-sectional imaging with abdominal computed
tomography (CT) or magnetic resonance imaging as
part of their preprocedure workup. EUS procedures
were performed with a linear echoendoscope by
dedicated endoscopic ultrasonographers with advanced
EUS training. FNA was performed with a 22- or
25-gauge needle. Cyst fluid was obtained and sent to
the laboratory for CEA and amylase when sufficient
fluid was available. DNA molecular analysis was
performed on all cyst aspirates (RedPath Integrated
Pathology, PathFinder TG"™; Pittsburgh, PA, USA).
Results included DNA quality, quantity, presence of
K-ras point mutation, and allelic imbalance LOH.
Reports included interpretation as benign, statistically
indolent, aggressive, or indeterminate.

Each case was then reviewed by two experienced
pancreatobiliary surgeons (RBA, TWB) with and
without the DNA molecular analysis to evaluate
the impact of molecular analysis on clinical
decision-making. Both surgeons as standard of
practice follow Sendai criteria for recommendation
of management. Blinded to patient identifiers, both
reviewers were independently given a brief clinical
history, cross-sectional imaging, EUS reports, cyst
CEA, cyst amylase, and cytology results. They were
then asked to provide management recommendations
in each case (surgery, observation, other). One
month later, the cases were randomly represented
to both surgeons with the addition of cyst aspirate
DNA molecular analysis results and management
recommendations recorded. We then compared the
surgeons’ recommendations with and without DNA
molecular analysis. Ten repeat cases were included
with each group to assess for intraobserver variability,
totaling 56 expertly reviewed cases (46 with DNA
molecular analysis, 46 without DNA molecular analysis,
and 10 repeat cases) per surgeon.

Multivariate analysis was performed on predictors of
recommending surgery including age, gender, location
of lesion (head/uncinate versus body/tail), CEA level
>192 ng/mlL, size 23.0 cm, and DNA molecular
analysis of aggressive or indeterminate (ie., not benign
or statistically indolent). For multivariate analysis,
recommendations for surgery by two surgeons were
combined (7 = 92).

Statistical analysis
All P values were two-sided, and a P = 0.05 or less was
considered statistically significant. All statistical analysis
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was performed using SAS, version 9.4 (SAS Institute,
Inc., North Carolina, USA).

RESULTS

Cases

A total of 46 patients (19 males and 27 females) with
a mean age of 02.0 £ 13.4 years (range 27-79 years)
were reviewed [Table 1]. The average cyst size was
3.2 cm (range 0.7-10.0 cm). Fourteen patients (30%)
had cystic lesions in the head of the pancreas, 15 (33%)
in the body, 10 (22%) in the tail, and 7 (15%) in the
uncinate process. CEA concentrations were available
in 30 cases, amylase values in 26, and cytology results
in 45 of 46 cases. There was insufficient cyst fluid to
perform CEA and amylase analyses in cases without
these values. On follow-up in 2015, 24 (52%) did not
have any further evaluation documented, 13 (28%) had
surveillance imaging without significant changes, 5 (11%)
underwent surgical therapy for the pancreas cyst, and
4 (9%) were deceased (3 from unrelated causes, 1 from
pancreas cancer). The one person who developed
pancreatic cancer had a cyst >3 cm in the pancreas head
with “statistically higher risk” DNA molecular analysis.

Effect of molecular analysis on management
recommendation

Excluding molecular analysis results, surgeon #1 chose
surgical resection in 21 cases (45.6%), observation in
23 cases (50%), and other in 2 cases (4.4%) (CT-guided
biopsy and cyst gastrostomy). With the addition of
DNA molecular analysis, surgeon #1 changed his
management in 28% of the cases (13/406), 10 of
which were to recommend observation instead of
surgery. Excluding molecular analysis results, surgeon
#2 opted for surgical resection in 14/46 (30.4%) cases,
observation in 29/46 (63%), and other in 3/46 (6.5%)
including 2 recommendations to have informed
discussion with patient and family regarding observation
versus surgery and 1 request for EUS/FNA at region
of duct caliber change. With the addition of DNA
molecular analysis, surgeon #2 changed his management
in 26% of cases (12/46), 8 of which were to
recommend observation instead of surgery. Molecular
analysis tended to change management decisions toward
a more conservative approach (ie., observation) as
18/25 (72%) of the changes in recommendations were
to pursue observation rather than surgery [Table 2].

When grouped by CEA concentration and combining
surgeons #1 and #2 management recommendations,
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Table 1. Patient characteristics
Characteristic Value
n 46

Age (years) 62.0+13.4
Gender (%)
Female 27 (59)
Male 19 (41)
Cyst size (cm) 3.2+2.3
Cyst location (%)
Tail 10 (21)
Body 15 (33)
Head 14 (30)
Uncinate 7 (15)

Cyst fluid CEA (ng/mL), median (range)
Cyst fluid amylase (U/L)
DNA molecular analysis (%)

75.9 (0.4-15,927.3)
907 (6-437,296)

Benign 23 (50)
Indeterminate 1(2)

Statistically indolent 13 (28)
Statistically higher risk 9 (20)

CEA: Carcinoembryonic antigen

cases with low CEA (0-45 ng/mL) or high CEA
(>800 ng/mL) had recommendation changes in
5/42 (11.9%) after the addition of DNA molecular
analysis. However, those with intermediate CEA levels
(45-800 ng/mlL) or no CEA available had management
recommendations change in 20/50 (40%) cases after
the addition of DNA molecular analysis (P < 0.05).
DNA molecular analysis had the highest rate of
recommendation change in those with intermediate
CEA levels (54%) which was statistically higher
(P < 0.05) than all other groups [Table 2].

Predictors of recommendation for surgery

Location of a cystic lesion did not seem to play a
significant role in either initial clinical management
or management with the addition of DNA analysis.
Surgery was recommended in 42% of lesions
involving the body, 32% involving the head, 14%
involving the uncinated process, and 38% involving
the tail. Management changes were made in 17%
of lesions involving the body, 36% involving the
head, 14% involving the uncinate process, and
35% involving the tail (P = NS). On multivariate
analysis, cyst fluid CEA >192 and cyst 23.0 cm
were predictive of recommendation for surgical
management [Table 3]. Age, gender, and cyst
location did not predict recommendation of surgery.
With the addition of molecular analysis, cyst size
>3 c¢m remained statistically significant in predicting
recommendation for surgery. A molecular analysis
that was not benign or statistically indolent trended
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Table 2. Change in pancreatic cyst management with the addition of molecular analysis stratified by

carcinoembryonic antigen level

Cases with CEA
<45 ng/mL (n=16)

Cases with CEA
>700 ng/mL (n=5)

Cases with intermediate CEA
45-700 ng/mL (n=13)

All cases Cases without CEA
(46 cases, values (n=12)
2 surgeons)
Change in management  25/92 (27.2) 6/24 (25)
recommendations (%)
Change to observation 18 2
Change to surgery 6 4
Change to “other” 1 0

2/32 (6) 14/26 (54) 3/10 (30)
2 11 3
0 2
0 1 0

CEA: Carcinoembryonic antigen

Table 3. Multivariate analysis of recommendation
for surgery

Without With
molecular molecular
analysis analysis
OR Cl OR Cl
Age 1.0 0.9-1.1 1.0 0.9-1.1
Gender 1.9 0.5-7.5 2.7 0.6-12.4
Lesion location*® 3.4 0.6-21.6 1.5 0.3-8.3
Cyst fluid CEA>192 ng/mL  13.6 1.9-96.3 3.3 0.5-21.4
Size 3.0 cm 6.2 1.6-24.5 5.7 1.3-26.3
DNA molecular analysis N/A N/A 4.4  0.8-24.1

other than benign/
statistically indolent

*Head/uncinate versus body/tail. OR: Odds ratio, Cl: Confidence interval,
N/A: Not available, CEA: Carcinoembryonic antigen

toward recommendation of surgery although was not
statistically significant [Table 3].

Interobserver and intraobserver agreement

Interobserver agreement for the recommendation
of  surgery  wversus  observation/other  was
moderate (kappa = 0.60) without molecular analysis and
moderate (kappa = 0.43) with molecular analysis. Out of
the 10 repeat cases presented to the surgeons to assess
for intraobserver variation, only one case differed in

management resulting in a 95% intraobserver agreement.
DISCUSSION

DNA molecular analysis has been used as a tool
to help differentiate premalignant and malignant
lesions from those with low or no oncogenic potential;
however, it remains unclear if the addition of this
information changes management.'" There are
currently no consensus guidelines on the use of DNA
molecular analysis in the evaluation of pancreatic cysts
and its use is often based on personal or institutional
preferences. One recent study suggests that use of
molecular analysis is a reliable predictor of benign and
potentially malignant lesions. When compared to the use
of Sendai 2012 guidelines, molecular analysis was more

accurately in determining the malignant potential of
pancreatic cysts. However, a selection bias likely exists
in this comparison as all patients in this recent study
had EUS with FNA and molecular analysis.!")

Our study was designed to determine the likelihood of
molecular analysis altering immediate clinical management
of cystic pancreatic lesions when cytology did not reveal
malignancy. Overall surgical recommendations were
changed in 25/96 (26%) individual cases of pancreatic
cystic lesions with the addition of molecular analysis.
However, a majority of these changes occurred in the
setting of intermediate CEA levels.

In the landmark publication, Brugge ¢ /! reported
a mean CEA level of 8400 ng/mL for mucinous
pancreatic cysts with malignancy, 683.9 ng/mL for
benign mucinous cysts, 36.8 ng/ml. for inflammatory
cysts, and 2.7 ng/mL for serous cysts. Although the
study reported a sensitivity and specificity of 75%
and 84% for the diagnosis of mucinous cysts when
CEA >192 ng/mL, it also reported wide ranges
of CEA concentrations and considerable overlap
among each cyst group. Other studies have shown
optimal CEA levels >300 ng/mL, >400 ng/mL,
and >800 ng/mL in distinguishing mucinous from
nonmucinous lesions.l'*!% Therefore, we defined
intermediate CEA values as 45 ng/mL to 800 ng/mL.
Our study included 13 cases with CEA values within
this range. Of these, DNA molecular analysis changed
the management with greatest frequency (54%).

In clinical practice, obtaining CEA and amylase values
requires >1 mL of fluid which may not always be
possible either because of cyst size or viscosity; whereas
DNA molecular analysis only requires 0.2 mL of cyst
fluid to perform. In 12/46 of our cases (26.1%),
no CEA concentration was available. This seems to
be consistent with one of the larger trials evaluating
DNA molecular analysis of cyst fluid in which
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CEA data were not available in 33% of patients
enrolled.” Among those 12 cases without CEA values,
management changed in 6/24 cases (25%) compared
with 5/42 (12%) cases with either low (<45 ng/mlL) or
high (>800 ng/mL) CEA concentration. These results
suggest the use of DNA molecular analysis in patients
with intermediate CEA values and those without fluid
CEA concentrations may be useful.

Interobserver concordance with management
recommendations was only moderate in this study.
This is not surprising given the frequent inability to
make a definitive preoperative diagnosis which often
translates into ambiguity in treatment recommendations.
It is also worthy to note that location of cystic lesions
did not seem to affect surgical decision-making.
Distal pancreatectomy is technically less challenging
and may influence surgeons to be more aggressive
in their management of distal lesions. In this
study, surgical removal of 38% of tail lesions was
recommended compared to 37% of lesions involving
the head/body of pancreas. The predictors of a
recommendation for surgery included cyst size >3 cm
and CEA >192 ng/ml. without molecular analysis.

There are several limitations to this study. First, the design
was to evaluate the change in management afforded
by the addition of DNA molecular analysis; however,
management recommendations are often complex and
include factors such as patient age, medical comorbidities,
and malignant potential. All of the patients included were
consecutively seen and evaluated at a time when each
institution was performing DNA analysis on all cyst fluid.
In this way, we attempted to create a patient population
similar to those encountered in clinical practice. The
conclusions of this study ate limited by its size (46 cases)
and number of reviewers for surgical management two
although both are experienced pancreatobiliary surgeons
with over 10 years of clinical experience. Furthermore,
there is a possibility of memory bias on review with
DNA molecular analysis 1 month after initial exposure.
We attempted to account for this by randomly changing
the order that the cases were presented.

CONCLUSIONS

Our current ability to preoperatively predict the
malignant potential of pancreatic cystic lesions is
limited. To our knowledge, this is the first study to
demonstrate a change in clinical management with the
addition of DNA molecular analysis. Those patients
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with intermediate CEA or no CEA concentrations had
management changed significantly more often. DNA
molecular analysis should be considered in patients
when cyst aspirate has an intermediate CEA level and
when insufficient fluid is aspirated for CEA and amylase
investigation. Further study as to the utility of molecular
markers in pancreatic cyst fluid is recommended.
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