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ABSTRACT 

Context Pancreatic cysts raise concern because of their malignant potential. Our aims were to assess accuracy of DNA 

analysis in detecting malignant pancreatic cysts at EUS-FNA and to determine whether DNA analysis added to imaging and 

cyst fluid studies enhanced International Association of Pancreatology (IAP) guidelines for resection of pancreatic cysts. 

Methods This is a retrospective study including pancreatic cysts undergoing EUS-FNA and DNA analysis with k-ras and loss 

of heterozygosity testing. Diagnostic models of 2006 and 2012 IAP guidelines, DNA analysis alone, and DNA combined with 

2012 IAP guidelines were developed, and area under receiver operator characteristic curves (AUC) compared to determine 

the added value of DNA for detecting malignant cysts at the time of EUS-FNA. Results Two-hundreds and fifty-seven patients 

were included with 8 (3.1%) malignant cysts. Solid component (P<0.001), main pancreatic duct dilation (P=0.012), 

suspicious or malignant cytology (P=0.001), and high DNA quantity (P<0.001) were associated with malignancy. Concurrent 

high amplitude k-ras with loss of heterozygosity mutations was highly specific (98.4%) though insensitive (12.5%) for 

malignancy. The 2012 IAP guideline (AUC=0.87; 95% CI: 0.82-0.91) was superior to 2006 IAP guideline (AUC=0.54; 95% CI: 

0.47-0.60) and DNA analysis alone (AUC=0.60; 95% CI: 0.53-0.66) for detecting malignant cysts (P=0.004 and P=0.002, 

respectively). Addition of DNA did not improve performance of the 2012 IAP guideline (AUC=0.84; 95% CI: 0.79-0.88). 

Conclusions Commercial DNA analysis does not add useful information beyond imaging and cytology for detection of 

malignant pancreatic cysts. The 2012 IAP guideline better predicted malignant cysts than the 2006 IAP guideline. 

 

INTRODUCTION 

With increased use and improvements in radiologic 

imaging, pancreatic cystic lesions have been 

identified with ever increasing frequency. 

Pancreatic cystic lesions have been identified in up 

to 20% of MRI studies [1, 2]. These lesions raise 

concern because of their potential for prevalent or 

incident malignancy. The most common pancreatic 

cysts are broadly classified into mucinous cystic 

lesions including mucinous cystic neoplasm (MCN) 

and intraductal papillary mucinous neoplasm 

(IPMN) versus nonmucinous lesions such as serous 

cystadenomas. Mucinous cysts are premalignant 

while nonmucinous cystic lesions have low or no 

malignant potential. 

Traditional methods used to classify pancreatic 

cysts include cross-sectional imaging, EUS, 

measurement of cyst fluid tumor marker CEA, and 

cytology [3, 4]. Despite advances in imaging, 

refinement of clinical criteria, and the proven safety 

of EUS-FNA [5], detection of malignancy in 

asymptomatic pancreatic cystic lesions remains a 

challenge [6, 7, 8, 9, 10, 11]. DNA analysis has been 

advanced as an additional tool that may improve 

the accuracy of identifying malignancy [12, 13]. In 

the prospective, multicenter PANDA study, the 

presence of a high amplitude k-ras mutation 

followed by loss of heterozygosity in pancreatic cyst 

fluid was highly specific (96%) though insensitive 

(37%) for detection of malignancy [12]. 
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The aims of this study were to assess the accuracy 

of commercial DNA analysis for detecting 

malignancy at the time of EUS in pancreatic cysts 

presenting for EUS-FNA, and to determine whether 

DNA analysis offers additional predictive power 

compared to the widely applied International 

Association of Pancreatology (IAP) guidelines for 

resection of pancreatic cysts concerning for 

malignancy [14, 15]. 

METHODS 

Study Design 

This is a retrospective cohort study conducted at a 

tertiary care academic medical center for pancreatic 

disorders. 

Participants 

Patients undergoing EUS-FNA of a pancreatic cystic 

lesion with DNA analysis sent at the time of EUS 

from June 2006 to January 2012 were eligible for 

study inclusion. Further inclusion criteria consisted 

of availability of either pathology from surgical 

resection or at least one year of clinical follow-up 

from the time of initial EUS. Duration of follow-up 

was measured as the time from initial EUS-FNA to 

the most recent imaging study (CT, MRI, and/or 

EUS). Patients were excluded from the study if they 

only had a solid mass based on radiographic 

imaging or a history of acute pancreatitis within the 

previous six months. 

Endoscopic Technique 

EUS was performed using a curvilinear echo-

endoscope (Olympus GF-UCT140P-OL5; Olympus 

America Inc., Center Valley, PA, USA), and a 19-, 22-, 

or 25-gauge adjustable needle (Echotip Ultra 19 and 

25 gauge, Cook, Winston-Salem, NC, USA; EZ Shot, 

Olympus, Center Valley, PA, USA) was used for FNA. 

Cyst fluid studies including cytology and DNA 

analysis were performed. It was standard practice 

at our institution during the time period of this 

study to send cyst fluid routinely for DNA analysis 

in addition to the other standard testing. If the cyst 

fluid and tissue were completely used for other 

testing, cytology was not obtained. Antibiotic 

prophylaxis was administered at the discretion of 

each endosonographer. 

Commercial DNA Analysis 

Details of the technique of commercial DNA analysis 

(RedPath Integrated Pathology, Inc., Pittsburgh, PA, 

USA): are previously described [12]. In brief, the 

cyst fluid (10-200 μL) underwent measurement of 

1) DNA quantity (optical density; NanoDrop, 

Thermo Fisher Scientific, Waltham, MA, USA), 2) 

DNA quality (extent of degradation by quantitative 

PCR), 3) k-ras point mutation (first coding exon) 

(dideoxy sequencing), 4) allelic imbalance or loss of 

heterozygosity for a panel of 16 markers (GeneScan 

fragment length analysis; Applied Biosystems, 

Foster City, CA, USA) and 5) degree of clonal 

expansion of DNA alterations when present (ratio of 

peak heights). 

Primary Outcome 

Cysts with histologic or cytologic evidence of 

malignancy were defined as malignant in 

accordance with World Health Organization 

guidelines [16]. In surgical pathology specimens, 

invasive adenocarcinomas, including those arising 

in association with an IPMN or MCN, and high grade 

dysplasia were considered malignant. Malignant 

cytology was defined as positive for adeno-

carcinoma. All other cysts were defined as non-

malignant. In addition, cysts that were unchanged 

after at least 1-year follow-up were considered non-

malignant. All available glass slides from surgical 

pathology specimens were re-reviewed by a 

gastrointestinal pathologist blinded to the original 

diagnosis. 

ETHICS 

The protocol was approved by the Institutional 

Review Board of Brigham and Women’s Hospital, 

Boston, MA, USA. The study protocol conforms to 

the ethical guidelines of the “World Medical 

Association (WMA) Declaration of Helsinki - Ethical 

Principles for Medical Research Involving Human 

Subjects” adopted by the 18th WMA General 

Assembly, Helsinki, Finland, June 1964 and 

amended by the 59th WMA General Assembly, Seoul, 

South Korea, October 2008. Data were collected 

retrospectively and patient informed consent was 

waived by the Institutional Review Board. 

STATISTICS 

Test Performance 

Test characteristics including sensitivity, specificity, 

PPV, and NPV for the diagnosis of malignancy were 

calculated for the following: suspicious or malignant 

cytology, the 2006 and 2012 IAP guidelines, high 

amplitude k-ras mutation, high amplitude loss of 

heterozygosity, and combined high amplitude k-ras 

mutation with loss of heterozygosity. 

Diagnostic Value of DNA Analysis 

To quantify the added diagnostic value of DNA 

analysis beyond that from traditional clinical, 

imaging, and pathologic data, we constructed 4 

models for the detection of malignancy. Each of the 

variables in the 2006 and 2012 IAP models were 

considered high-risk features. The first model, 

based on the 2006 IAP guideline, included 

symptoms, cyst size on EUS imaging (dichotomous, 

≥3 cm), nodularity, and main duct dilatation 

(dichotomous, main pancreatic duct size ≥10 mm) 
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[14]. The second model was based on the 2012 IAP 

guideline where surgical resection is recommended 

in the presence of one of the following: obstructive 

jaundice with cyst present in head of pancreas, solid 

component, main pancreatic duct size ≥1 cm, 

nodularity, thick wall, intraductal mucin, and/or 

suspicious or malignant cytology [15]. The third 

DNA analysis model included high amplitude k-ras 

mutation, loss of heterozygosity, and high DNA 

quantity. The final model combined DNA analysis 

with the 2012 IAP guideline. Diagnostic utility was 

determined by comparing the area under the 

receiver operator characteristic curves (AUC) of the 

two IAP models, DNA analysis model, and the 

combined DNA/2012 IAP model. 

Descriptive Statistics 

Medians, interquartile ranges (IQR), as well as 

absolute and relative frequencies, were reported. 

The 95% confidence intervals (95% CI) of the 

relative frequencies were also computed. 

Tests 

Fisher exact, the linear-by-linear chi-squared and 

the Mann-Whitney tests were used for comparison 

of dichotomous, ordinal discrete and scale data, 

respectively. The method described by DeLong et al. 

was used for comparison of AUC among the 4 

models [17]. 

Package 

Statistical programming was performed in SAS 

version 9.2 (Cary, NC, USA). 

Significance 

All reported P values are two-sided with alpha value 

of 0.05 used as threshold for significance. 

RESULTS 

Study Population 

During the study period, 284 patients underwent 

EUS-FNA with DNA analysis sent for a pancreatic 

cyst at our institution. Twenty-seven of these cases 

were excluded due to lack of histology, inadequate 

DNA sample, or insufficient follow-up. The final 

study cohort consisted of 257 cases. Baseline 

demographic, clinical and imaging characteristics of 

the study population are presented in Table 1. 

Median age at the time of evaluation was 66 years 

(IQR: 57-74 years) and 168 patients (65.4%) were 

women. The majority of cysts (n=241, 93.8%) were 

detected incidentally. Median duration of follow-up 

was 19 months (IQR: 12-33 months). 

Outcomes 

During the study period, 33 (12.8%) patients 

underwent surgical resection with histologic 

diagnoses including IPMN with invasive 

adenocarcinoma (n=4), IPMN with high grade 

dysplasia (n=1), IPMN with low or intermediate 

grade dysplasia (n=15), MCN with low grade 

dysplasia (n=1), serous cystadenoma (n=2), 

pseudocyst (n=3), lymphoepithelial cyst (n=1), 

chronic pancreatitis (n=4), autoimmune 

pancreatitis (n=1), and neuroendocrine tumor 

(n=1). At least one high-risk feature was present in 

17 patients who underwent resection. Overall, 8 

cases (3.1%) met criteria for a malignant lesion (5 

from surgical pathology and 3 from cytology). 

Diagnoses included 7 IPMN with invasive 

adenocarcinoma and 1 IPMN with high grade 

dysplasia. No additional patients developed a 

malignant cyst during the study period. Presence of 

symptoms was not associated with malignancy 

(data not shown). 

Endoscopic Ultrasound Imaging Features 

One or more high-risk cyst features were present in 

77 patients on EUS (30.0%): 58 (22.6%) with cyst 

size ≥3 cm (12 resected), 6 (2.3%) with main 

pancreatic duct dilation (size ≥1 cm) (2 resected, 1 

main duct IPMN not surgical candidate, 3 with 

chronic pancreatitis), 10 (3.9%) with thick wall (2 

resected), 11 (4.3%) with mural nodules (4 

resected), and 6 (2.3%) with solid component (4 

resected, 2 malignant but not surgical candidates). 

Six of the 8 malignant cysts (75.0%) had high-risk 

features of cyst size ≥3 cm, main pancreatic duct 

Table 1. Demographics and clinical characteristics. 

 Malignant cysts (n=8) Non-malignant cysts (n=249) P value 

Age: median (IQR) 66 (65-78) 66 (57-74) 0.118 a 

Gender: female/male 6 (75.0%) / 2 (25.0%) 162 (65.1%) / 87 (34.9%) 0.718 b 

Ethnicity (Caucasic) 6 (75.0%) 200 (80.3%) 0.660 b 

Symptomatic 1 (12.5%) 15 (6.0%) 0.406 b 

Thick wall 1 (12.5%) 9 (3.6%) 0.275 b 

Cyst size: median (IQR); mm 19 (16-25) 19 (14-26) 0.722 a 

Nodule 0 11 (4.4%) 1.000 b 

Solid component 4 (50.0%) 2 (0.8%) <0.001 b 

Pancreatic duct size: ≥10 mm 2 (25.0%) 4 (1.6%) 0.012 b 

IQR: interquartile range 
a Mann-Whitney U-test 
b Fisher exact test 
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dilation, thick wall, and/or solid component. Median 

cyst size among malignant lesions was 19 mm (IQR: 

16-25 mm) which did not differ significantly from 

non-malignant cysts (median=19 mm, IQR: 14-26 

mm; P=0.722). Thick wall (P=0.275), and nodularity 

(P=1.000) were not significantly associated with 

malignancy while solid component (P<0.001) and 

main pancreatic duct dilation (P=0.012) predicted 

malignancy (Table 1). 

Cytology 

Cytology was sent in 228 (88.7%) cases. In 123 

cases (53.9%) cytology was nondiagnostic due to 

insufficient material. Among 105 cases with a 

cytologic diagnosis, 78 were benign (74.3%), 23 

atypical (21.9%), 3 suspicious (2.9%), and 1 

malignant (1.0%). Three of the 8 malignant cysts 

had suspicious (n=2) or malignant (n=1) cytologic 

diagnoses, which would have met criteria for 

surgical resection; cytology was associated with 

malignancy, which included suspicious and 

malignant diagnoses (P=0.001). 

DNA Analysis 

Sixty-one cases (23.7%) had evidence of k-ras 

mutation of which 17 (27.9%) were high amplitude; 

83 (32.3%) had loss of heterozygosity with 5 of 

them (6.0%) high amplitude, and 6 cases (2.3%) 

had high amplitude k-ras followed by loss of 

heterozygosity mutations. The presence of a high 

amplitude k-ras mutation was not significantly 

associated with malignancy (2/8, 25.0% of 

malignant versus 15/249, 6.0% of non-malignant 

lesions; P=0.091) having 25.0% sensitivity, 94.4% 

specificity, 12.5% PPV, and 97.5% NPV. One 

malignant cyst had both high amplitude k-ras and 

LOH mutation to yield 12.5% sensitivity, 98.4% 

specificity, 20.0% PPV, and 97.2% NPV. No high 

amplitude loss of heterozygosity mutations were 

present in the malignant cysts. High DNA quantity 

was significantly associated with risk of malignant 

lesion: 1.4% (2/147) of low quantity was malignant, 

2.5% (2/81) of moderate quantity, and 23.5% 

(4/17) of high quantity (P<0.001; Figure 1) with 12 

cases without reported DNA quantity. DNA quality 

was not significantly associated (P=0.115) with risk 

of malignancy (3/168, 1.8%, for poor and 

borderline quality vs. 5/79, 6.3%, in good quality) 

Sensitivity and specificity for DNA mutations in 

pancreatic cyst aspirates as well as cytology, 2006 

and 2012 IAP guidelines for detecting malignancy 

are presented in Table 2. 

Performance of Malignancy Prediction Models 

Receiver operator curves for the 4 prediction 

models described in the Methods are presented in 

Figure 2. The AUC for the 2006 IAP guideline was 

0.54 (95% CI: 0.47-0.60), 2012 IAP guideline 0.87 

(95% CI: 0.82-0.91), DNA analysis alone 0.60 (95% 

CI: 0.53-0.66), and DNA analysis with 2012 

guideline 0.84 (95% CI: 0.79-0.88). Comparisons 

among these 4 models demonstrated that the 2012 

IAP guideline is superior to the 2006 IAP guideline 

and DNA analysis alone for predicting malignancy 

(P=0.004 and P=0.002, respectively), while 

comparable to the combined DNA with 2012 IAP 

guideline model (P=0.052). The combined DNA and 

2012 IAP model was superior to both the 2006 IAP 

and DNA alone (P=0.001 and P=0.004, respectively). 

DNA analysis alone and the 2006 IAP guideline 

were not significantly different from each other 

(P=0.676). 

Malignant Cysts 

By imaging criteria alone, 6 of the 8 (75.0%) 

malignant cysts met criteria for surgical resection. 

Figure 1. DNA quantity and malignancy. 

Table 2. Performance characteristics of cytology, imaging, and DNA analysis for detecting malignancy. 

 Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) 

Cytology n=3/8 

37.5% (9.0-75.3%) 

n=96/97 

99.0% (94.4-99.8%) 

n=3/4 

75.0% (20.3-95.9%) 

n=96/101 

96.2% (90.5-98.9%)

2006 IAP 

(1st model) 

n=3/8 

37.5% (9.0-75.3%) 

n=178/249 

71.5% (65.4-77.0%) 

n=3/74 

4.1% (0.9-11.4%) 

n=178/183 

97.3% (93.8-99.1%)

2012 IAP 

(2st model) 

n=7/8 

87.5% (47.4-97.9%) 

n=223/249 

89.6% (85.1-93.1%) 

n=7/33 

21.2% (9.0-38.9%) 

n=223/224 

99.6% (97.5-99.9%)

DNA analysis 

(3rd model) 

n=2/8 

25.0% (3.2-65.1%) 

n=234/249 

94.0% (90.3-96.6%) 

n=2/17 

11.8% (1.3-37.4%) 

n=234/240 

97.5% (94.6-99.1%)

DNA analysis with 2012 IAP 

(4th model) 

n=7/8 

87.5% (47.4-97.9%) 

n=204/249 

81.9% (76.6-86.5%) 

n=7/52 

13.5% (5.6-25.8%) 

n=204/205 

99.5% (97.3-99.9%)

CI: confidence interval; IAP: International Association of Pancreatology; LOH: loss of heterozygosity; NPV: negative predictive value; PPV: 

positive predictive value 
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One additional cyst was resected because of 

malignant cyst cytology, and the final cyst was 

identified from malignant cytology of a 

peripancreatic lymph node. Four malignant cysts 

had DNA changes: 1 with both high amplitude k-ras 

and loss of heterozygosity mutations and high DNA 

quantity and 3 with only high DNA quantity. The 

patient with both k-ras and loss of heterozygosity 

mutations had a solid mass visualized on EUS with 

nondiagnostic cytology and would have undergone 

surgery based on the 2012 IAP criteria. Of the 3 

patients with the only DNA finding of high DNA 

quantity, one patient had dilated main pancreatic 

duct over 1 cm, another patient had suspicious cyst 

fluid cytology, and the last patient had a malignant 

peripancreatic lymph node. Therefore, all patients 

with DNA changes would have been diagnosed with 

malignancy based on imaging and/or cytology 

findings. 

DISCUSSION 

In our experience of primarily incidental pancreatic 

cysts, commercial DNA analysis in the presence of 

high amplitude k-ras with loss of heterozygosity 

mutations yielded high specificity (98.4%) with low 

sensitivity for detecting malignancy in any 

pancreatic cystic lesion undergoing EUS-FNA. From 

DNA analysis, only high DNA quantity was 

associated with malignant cysts. Furthermore, DNA 

analysis did not add significant information beyond 

the 2012 IAP guideline, and in fact, the 2012 IAP 

guideline was superior to DNA analysis and the 

2006 IAP guideline in detecting malignancy at the 

time of EUS-FNA. 

Our results extend the findings from the PANDA 

study as well as two other smaller retrospective 

studies evaluating commercial DNA analysis in 

pancreatic cysts [12, 18, 19]. While the 

retrospective studies demonstrated increased 

frequency of k-ras mutation in malignant cysts, the 

prospective PANDA study concluded that both high 

amplitude k-ras and loss of heterozygosity 

mutations were needed to predict malignancy. 

Studies that evaluated DNA quantity also concluded 

its association with malignancy. In contrast to a 

recent study examining the ability of DNA analysis 

to predict long-term outcome of pancreatic cysts 

with a nonbenign course defined as not only 

development of malignancy, but also the diagnosis 

of a mucinous cyst or increase in cyst size [20], our 

study focuses on the value of commercial DNA 

analysis in determining the presence of malignancy 

at the time of EUS-FNA. Our study also uniquely 

examines the additional value of DNA analysis 

beyond the current standard of care with imaging 

and cytology. 

In clinical practice, a pre-operative pathologic 

diagnosis of pancreatic cystic lesions is often not 

possible as evidenced by the high frequency of 

nondiagnostic cytology results (53.9%) present in 

the current study, which is consistent with previous 

reports [7, 10, 11]. Physicians therefore rely on 

imaging findings (CT, MRI, EUS) and the IAP 

guidelines to assess malignant potential of 

pancreatic cysts. However, studies have exposed the 

weaknesses of the 2006 guideline. Firstly, the IAP 

guidelines apply to mucinous cysts, and therefore 

assume the ability to distinguish preoperatively 

mucinous from non-mucinous cysts. A recent study 

demonstrated only 68% accuracy for preoperative 

diagnosis compared to surgical pathology [21]. In 

addition, while the negative predictive value of the 

2006 IAP guideline for surgical resection of branch 

duct-IPMN and all pancreatic cysts ranges from 

86% to 100%, the positive predictive value ranged 

from 14% to 21% [22, 23, 24]. Therefore, while the 

2006 IAP guideline enables physicians to identify 

most branch duct-IPMN that can be followed 

without surgical resection, many patients will 

undergo unnecessary surgery. No currently 

published studies have evaluated the 2012 

guideline. 

The 2012 IAP guideline was superior to the 2006 

guideline in detecting malignancy with higher 

sensitivity. This may be primarily due to cyst size no 

longer being a mandatory indication for resection. 

Nodularity was not associated with malignancy; 

however, most of the endoscopic ultrasounds in this 

study were performed before a recent study 

defining criteria to distinguish nodules from mucus, 

which demonstrated improvement in diagnostic 

accuracy of the endosonographers from 57% to 

79% after education [25]. The majority (88%) of 

our malignant cases did meet 2012 IAP consensus 

Figure 2. Receiver operator curves for models predicting 

malignancy in pancreatic cysts. 

IAP: International Association of Pancreatology 



JOP. J Pancreas (Online) 2014 Mar 10; 15(2):182-188. 

JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 15 No. 3 – March 2014. [ISSN 1590-8577] 187 

guidelines for resection. The addition of commercial 

DNA analysis to the 2012 IAP guideline did not add 

significantly useful information beyond that already 

available through imaging and cytology, while 

supporting malignancy in 50% of cases, mainly 

from presence of high DNA quantity. An interesting 

finding of our study is that only 3.1% of our 

pancreatic cystic lesions were malignant. Therefore, 

the economics of applying the costly commercial 

DNA analysis to all pancreatic cystic lesions, 

especially incidental cysts, is uncertain when most 

of these lesions encountered in our clinical practice 

are benign. commercial DNA analysis should not be 

routinely used in evaluating all pancreatic cysts as it 

did not add clinically useful information beyond 

standard of care for detecting malignant cysts. 

There were several limitations to the current study. 

First, as mentioned, not all patients had a confirmed 

histologic diagnosis. Our study design reflects the 

reality of clinical practice in which a precise pre-

operative classification of cysts is often not possible. 

We classified cysts without imaging evidence of 

progression after 1-year follow-up as benign 

lesions, which may have missed some potentially 

slow growing or premalignant lesions. However, the 

aim of our study was to evaluate the ability of DNA 

analysis to detect prevalent malignant (not 

premalignant) cysts at the time of EUS-FNA, as this 

would be a major determinant in the decision to 

pursue surgery as opposed to a surveillance 

strategy. Furthermore, a recent study confirmed 

that most asymptomatic pancreatic cysts referred 

for EUS do not undergo malignant transformation 

over 1 to 15 year follow-up with only 1 of 57 

patients developing malignancy at 7 years [26]. We 

also applied the IAP guidelines to all pancreatic 

cysts and not only mucinous cysts, which again 

reflect the clinical reality that accurate preoperative 

distinction of cystic lesions is not necessarily 

feasible. While our number of malignant cysts is 

low, the fact that the 2012 IAP guidelines performed 

statistically significantly better than DNA analysis 

even with these small numbers, which reflects the 

clinical reality of managing primarily incidental 

pancreatic cysts, renders strong support for the 

guideline over DNA analysis. 

Previous studies that have evaluated the accuracy of 

commercial DNA analysis for detection of malignant 

pancreatic cysts have primarily included only 

patients with histologic diagnoses confirmed by 

surgery [18, 19, 27]. This introduces a significant 

selection bias. The present study differs from 

previous reports by including outcomes from all 

patients that underwent cyst DNA analysis through 

use of longitudinal clinical data. A benefit of this 

approach is that the current study design reflects 

clinical practice and presents a more balanced 

assessment of the performance of DNA analysis. 

In summary, in our large single center series of 

pancreatic cysts with imaging, cytology, cyst fluid, 

and commercial DNA analysis, we determined that 

while the rate of malignant cysts is low, nearly all 

these malignancies were diagnosed by current 

imaging criteria and cytology, which was superior 

to the older IAP guideline. Commercial DNA analysis 

offered confirmatory, but not additional useful 

information when combined with imaging and 

cytology as per the 2012 IAP guideline in 

determining presence of malignancy within 

pancreatic cysts. 
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