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BACKGROUND & AIMS: Although pancreatic cystic lesions
(PCLs) are frequently and incidentally detected, it is a challenge
to determine their risk of malignancy. In immunohistochemical
and enzyme-linked immunosorbent assay (ELISA) analyses of
tissue and cyst fluid from pancreatic intraductal papillary
mucinous neoplasms, the monoclonal antibody Das-1 identifies
those at risk for malignancy with high levels of specificity and
sensitivity. We aimed to validate the ability of Das-1 to identify
high-risk PCLs in comparison to clinical guidelines and clinical
features, using samples from a multicenter cohort. METHODS:
We obtained cyst fluid samples of 169 PCLs (90 intraductal
papillary mucinous neoplasms, 43 mucinous cystic neoplasms,
and 36 non-mucinous cysts) frompatients undergoing surgery at
4 tertiary referral centers (January 2010 through June 2017).
Histology findings from surgical samples, analyzed indepen-
dently and centrally re-reviewed in a blindedmanner, were used
as the reference standard. High-risk PCLs were those with inva-
sive carcinomas, high-grade dysplasia, or intestinal-type intra-
ductal papillary mucinous neoplasms with intermediate-grade
dysplasia. An ELISA with Das-1 was performed in parallel using
banked cyst fluid samples. We evaluated the biomarker’s per-
formance, generated area under the curve values, and conducted
multivariate logistic regression using clinical and pathology
features. RESULTS: The ELISA for Das-1 identified high-risk
PCLs with 88% sensitivity, 99% specificity, and 95% accu-
racy, at a cutoff optical density value of 0.104. In 10-fold cross-
validation analysis with 100 replications, Das-1 identified high-
risk PCLs with 88% sensitivity and 98% specificity. The Sendai,
Fukuoka, and American Gastroenterological Association guide-
line criteria identified high-risk PCLs with 46%, 52%, and 74%
accuracy (P for comparison to Das-1 ELISA <.001). When we
controlled for Das-1 in multivariate regression, main pancreatic
duct dilation >5 mm (odds ratio, 14.98; 95% confidence in-
terval, 2.63–108; P < .0012), main pancreatic duct dilation �1
cm (odds ratio, 47.9; 95% confidence interval, 6.39–490; P <
.0001), and jaundice (odds ratio, 6.16; 95% confidence interval,
1.08–36.7; P ¼ .0397) were significantly associated with high-
risk PCLs. CONCLUSIONS: We validated the ability of an
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ELISA with the monoclonal antibody Das-1 to detect PCLs at
risk for malignancy with high levels of sensitivity and speci-
ficity. This biomarker might be used in conjunction with clinical
guidelines to identify patients at risk for malignancy.
 Pancreatic cystic lesions (PCLs) are frequently found but

there are a dearth of biomarkers to confidently identify
those at high risk for malignancy.

NEW FINDINGS

In a large (n¼169), multicenter, validation study of
perioperatively aspirated PCL, mAb Das-1 was 88%
sensitive and 99% specific for identifying high-risk PCL.
mAb Das-1 was significantly more accurate than all
available clinical guidelines (P<.001) in identifying high-
Keywords: Intraductal Papillary Mucinous Neoplasm (IPMN);
Mucinous Cystic Neoplasm (MCN); Pancreatic Cancer; mAb
Das-1.

ancreatic cystic lesions (PCLs) have been increas-

risk lesions.

LIMITATIONS

This was a retrospectively collected, prospectively
banked, surgical cohort, from large, tertiary care centers.

IMPACT

An ELISA with Das-1 might be used to analyze fluid from
pancreatic cysts and determine their risk for malignancy.

Abbreviations used in this paper: AGA, American Gastroenterological
Association; AUC, area under the curve; CEA, carcinoembryonic antigen;
CI, confidence interval; ELISA, enzyme-linked immunosorbent assay;
HGD, high-grade dysplasia; IGD, intermediate-grade dysplasia; IPMN,
intraductal papillary mucinous neoplasm; IPMN-G, gastric-type intra-
ductal papillary mucinous neoplasm; IPMN-I, intestinal-type intraductal
papillary mucinous neoplasm; LGD, low-grade dysplasia; mAb, mono-
clonal antibody; MCN, mucinous cystic neoplasm; NGS, next-generation
sequencing; OD, optical density; PCL, pancreatic cystic lesion.
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Pingly recognized to have malignant potential and are
readily detectable on cross-sectional imaging.1–3 The overall
prevalence of pancreatic cysts is estimated to be 2.6%–9.3%
of asymptomatic patients undergoing abdominal computed
tomography4 and magnetic resonance imaging5 scans, with
their resections accounting for up to 20% of pancreatic
resections in referral centers.6 However, while a small
proportion has malignant potential, the vast majority of
these lesions are either benign or indolent.7,8 Several clinical
guidelines have been adopted to assist clinicians in deter-
mining when a lesion should be surgically resected.7,9–11

However, validation studies have demonstrated that these
guidelines have either inadequate sensitivity (7.3%–
35.2%)9,10 or inadequate specificity (23%–30%).11 Given
the prevalence of asymptomatic cysts and possible
morbidity associated with surgical interventions, there is an
unmet need for molecular tools to risk-stratify lesions.

PCLs can be broadly divided into non-mucinous and
mucinous lesions. Non-mucinous PCLs include pseudocysts
and serous cystadenoma that have no malignant potential,
and cystic neuroendocrine tumors and solid pseudopapil-
lary neoplasm, both of which have low-grade malignant
potential. Mucinous PCLs consist of intraductal papillary
mucinous neoplasms (IPMNs) and mucinous cystic neo-
plasms (MCNs) that are of varying malignant potential.12

IPMNs are divided into 3 broad anatomic subtypes (main
duct, branch duct, and mixed) based on the involvement of
the pancreatic duct, and 4 epithelial subtypes (gastric
[IPMN-G], intestinal [IPMN-I], pancreatobiliary, and onco-
cytic) with varying degrees of dysplasia (low [LGD], inter-
mediate [IGD], and high [HGD] grade).1–3,13 While main-duct
and mixed-type IPMNs have a 48% and 42% likelihood of
harboring invasive carcinoma, respectively, in branch duct
lesions it is only 11%.1,2 IPMN-Gs comprise the majority of
branch-duct IPMNs, and rarely exhibit HGD. Conversely,
IPMN-Is make up the majority of main-duct IPMNs and
frequently exhibit HGD/invasive carcinoma.13 Pan-
creatobiliary and oncocytic subtypes are rare, high-grade
lesions, and typically present with large cystic tumors
involving the main duct. The majority of the latter 2 sub-
types contain invasive or minimally invasive components,
respectively.2

We have previously developed a novel murine mono-
clonal antibody (mAb), Das-1, which reacts specifically with
normal non-goblet and goblet colonic epithelium, but not
with normal small intestinal enterocytes.14–17 While absent
in normal esophageal, gastric, and pancreatic epithelium, we
have demonstrated that it is present in precancerous and
cancerous conditions of these same tissues.14,15,18–20 In a
preliminary single-center study, we reported on the specific
immunoreactivity of mAb Das-1 against resected tissue and
cyst fluid from patients with high-risk IPMNs and associated
invasive carcinomas.15 Indeed, in a small cohort of patients
with resected PCLs, evaluation of mAb Das-1 in perioper-
atively aspirated cyst fluid samples by ELISA assay
demonstrated a sensitivity of 89% and specificity of 100%
in detecting high-risk lesions.15

Here, we explore the ability of mAb Das-1 to segregate
PCLs with high-risk for malignant behavior in a large,
multicenter cohort of cyst fluid samples aspirated at the
time of surgical resection. With blinded, centrally verified
pathologic review of all cases, we ensured a comparison to a
uniform gold standard. Finally, we evaluated the perfor-
mance of mAb Das-1 against current available clinical
guidelines and their constituent components.

Materials and Methods
Study Design and Subjects

The Institutional Review Boards of all centers approved this
study and it is reported in accordance with STARD (Standards
for Reporting of Diagnostic Accuracy Studies) and REMARK
(Reporting Recommendations for Tumor Marker Prognostic
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Studies) guidelines (Supplementary Statistical Checklists). Pa-
tients underwent surgical resection for PCLs with perioperative
cyst fluid collection between January 2010 and June 2017 at 4
tertiary referral centers (Massachusetts General Hospital [n ¼
94], Johns Hopkins University [n ¼ 46], Memorial Sloan Ket-
tering Cancer Center [n ¼ 37], and Washington University [n ¼
4]) with multidisciplinary PCL programs. The decision to resect
a pancreatic cyst is multifactorial, and includes not only an
assessment of the risk of the presence of HGD or invasive
cancer within a cyst, but also the presence of other features,
including symptoms secondary to the cyst, patient age, and/or
comorbidities. All pancreatic cyst fluid was aspirated, aliquoted,
and flash frozen (–80�C) at the time of surgical resection and
stored in the respective institutions’ biobanks. Retrospective
inclusion of patients into the current study was on the basis of
the availability of frozen, banked cyst fluid. Of the 181 patients
with available cyst fluid for analysis, 12 patients did not have a
sufficient quantity to analyze (Figure 1). Each institution pro-
vided clinical data on review of the enrolled patients’ records.

Pathologic Evaluation of Tissue Specimens
De-identified, coded slides of all available patients were

reviewed by one of the authors specialized in the field (MM-K).
Analysis was performed blinded to the original pathologic
diagnosis and immunoreactivity to mAb Das-1. Of those, all
cases of IPMNs were histopathologically classified by main/
branch duct involvement and by dysplastic grade. We used a
3-tiered grading system (LGD, IGD, and HGD) for the purpose of
this study, and the LGD and IGD correspond to LGD in the
recently recommended 2-tiered grading system.21 Epithelial
subtypes were determined on the basis of their epithelial
morphology on routine H&E staining and, when available,
immunoreactivity against mucin glycoproteins and/or CDX2,
according to previously established criteria.22,23 IPMN lesions
Figure 1. Flow diagram of patients evaluated. GIST, gastro-
intestinal stromal tumor; HGD/INV, high-grade dysplasia/
invasive carcinoma; LGD/INT, low-grade/intermediate-grade
dysplasia; MCN, mucinous cystic neoplasm; PC, pseudo-
cyst; PNET, pancreatic neuroendocrine tumor; QNS, quantity
not sufficient; SCA, serous cyst adenoma; SPN, solid pseu-
dopapillary neoplasm.
were classified on a per-patient basis, based on the most pre-
dominant epithelial subtype, and the highest-grade lesion
demonstrated. All cases of MCN were also classified by
dysplastic grade.

For the purposes of this study, high-risk lesions (ie, those
warranting definitive surgical management) were those path-
ologically verified to have invasive carcinoma in association
with a PCL, HGD arising in an MCN or IPMN, or IPMN-I with
IGD. IPMN-I with IGD were included in this high-risk category
as we2 and others23 have found these cases frequently harbor
multiple small foci of HGD and present in patients with
(recurrent) pancreatitis,24 both warranting surgical manage-
ment. Low-risk lesions were defined as all other PCLs, including
non-mucinous PCLs and IPMN-G and MCN with LGD or IGD. A
separate analysis, defining high-risk lesions as “advanced
neoplasia,” meaning those lesions with HGD or invasive carci-
noma (not including IPMN-I with IGD), was also performed in
parallel.

Analyses of Cyst Fluid Aspirates for Monoclonal
Antibody Das-1

De-identified frozen samples were processed blinded to
their pathologic diagnosis. Fluid was assayed for total protein
concentration and all samples were normalized to equal pro-
tein amount. Sandwich enzyme-linked immunosorbent assay
(ELISA) was performed with mAb Das-1 IgM and mAb Das-1
IgG isotypes as described previously.15 All experiments were
conducted at least in duplicate and normalized with respect to
reactivity of the positive control.
Statistical Analysis
Based on our preliminary evaluation of PCL cyst fluid,15,25

we expected that both the sensitivity and specificity of the
assay would be approximately 92%. We performed sample size
calculations demonstrating that for a sample of 50 patients
with high-risk lesions and 50 with low-risk lesions, the 95%
confidence interval (CI) for an observed sensitivity or speci-
ficity of 92% would be 81%–98%. Our cohort includes 101
low-risk and 68 high-risk patients.

Optical density (OD) values are displayed with SDs and
compared across patient groups using the Mann-Whitney
test. The performance of the continuous mAb Das-1 OD
values in predicting high-risk PCLs was described through
receiver operating curves and the area under the receiver
operating curves (AUC). The optimal cut point for predicting
high-risk PCLs with mAb Das-1 was determined from the
receiver operating curves utilizing Youden’s statistic. The
performance of the dichotomized mAb Das-1 and other
clinical criteria for high-risk PCLs (Sendai guidelines,
Fukuoka guidelines, and American Gastroenterological Asso-
ciation [AGA] guidelines) is described through sensitivity,
specificity, and accuracy (the percent correctly identified by
the screen, or the sum of the true positives and true nega-
tives). Exact 95% CIs are given, and performance of these
guidelines and mAb Das-1 are compared through exact
paired-sample McNemar’s tests for proportions. All of the
tests were 2-sided and the significance level was set at .05.
The analyses were performed with STATA, version 14 (Sta-
taCorp, College Station, TX) and SAS, version 9.2 (SAS Insti-
tute, Cary, NC).
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Examination of Clinical Risk Factors Controlling
for Monoclonal Antibody Das-1

We used logistic regression to examine associations be-
tween clinical risk factors and high-risk PCL, first examining
unadjusted associations (odds ratios and 95% CIs) and then
examining associations between clinical risk factors and high-
risk PCL after controlling for the dichotomized mAb Das-1.
Clinical factors examined were cyst size, MPD dilation (>5
mm, �1 cm), enhancing mural nodule, solid component, mul-
tifocality, any symptoms, weight loss, abdominal pain, jaundice,
pancreatitis, as well as a previously validated composite clinical
marker (jaundice or MPD dilation or cyst size �4cm).26,27

Because of the high sensitivity and specificity of mAb Das-1,
which led to a small number of false positives (n ¼ 1) and
negatives (n ¼ 8), we used exact logistic regression to estimate
the adjusted associations.

k-fold Validation
We used repeated k-fold cross-validation to estimate the

sensitivity, specificity, and accuracy of the mAb Das-1 screen
when applied to an independent sample of subjects. First, we
randomly divided the sample into 10 equal-sized subsamples.
Then, for each subsample, we took the subsample as a holdout
validation data set; took the remaining subsamples as a training
data set; determined the Das-1 cutoff in the training data set
using Youden’s index; and, using the cutoff from the training
data set, determined the performance of the cutoff in the held-
out validation data set. Performance results in the 10 validation
data sets are then pooled to calculate sensitivity, specificity,
accuracy, and their 95% CIs. Because these performance esti-
mates depend on the original random sample division, we
repeated this process 100 times and present the mean sensi-
tivity, specificity, and accuracy across the 100 replications.

Results
Study Cohort

Demographic and clinical information on the examined
study cohort are displayed in Table 1. Of the 181 patients
with PCLs in the study, 169 patients had sufficient cyst fluid
for analysis. Of these PCLs, 36 were non-mucinous and 133
were mucinous (43 MCNs and 90 IPMNs) (Figure 1). As
expected, patients with MCN tended to be younger and have
a female predominance.
Table 1.Patient and Cyst Characteristics

Characteristic All samples (n ¼ 169) IPM

Female sex, n (%) 112 (66)
Age at surgery, y, mean (SD) 58.9 (15.2) 6
Symptoms, n (%) 76 (45)
Weight loss, n (%) 9 (5)
Abdominal pain, n (%) 50 (30)
Pancreatitis, n (%) 33 (20)
Jaundice, n (%) 7 (4)
Cyst size, cm, mean (SD) 5.04 (3.59) 4
Mural nodule n (%) 26 (15)
Preoperative cyst fluid carcinoembryonic antigen (CEA)
was available in 49 patients. Utilizing the previously
established threshold of 192 ng/mL to discriminate a po-
tential mucinous PCL,28 there was a 50% sensitivity (95%
CI, 0.329–0.671) and 92.3% specificity (95% CI, 0.640–
0.998) for CEA accurately identifying a mucinous lesion
(Supplementary Table 1). Cyst fluid cytology (n ¼ 57) was
not readily available in a large enough subgroup of the pa-
tients included in this cohort to provide a meaningful
evaluation of its performance in parallel.

Among the 90 patients with IPMNs examined, 44 (49%)
involved the main duct and 46 (51%) were exclusively
branch duct lesions, with all epithelial subtypes represented
(Supplementary Table 2). Preoperative assessment of main
duct involvement was observed in 42 (46%) on cross-
sectional imaging. Of the IPMN lesions, 19 harbored LGD,
21 IGD, 32 HGD, and 18 showed an invasive component.
Only 9 of the MCN harbored HGD or invasive features.
Cyst Fluid Protein Analysis
Median cyst fluid protein concentration was 4.1 mg/mL

(interquartile range, 1.61–9.56 mg/mL) and reflected the
pathology of the resected specimens with low-grade IPMN-
G/serous cyst adenoma and high-grade IPMN-I/colloid
carcinoma at the extremes. Considering the lower end of the
interquartile range, the vast majority of samples could be
processed in duplicate (requiring 200 mg protein) with
<150 mL cyst fluid.
Monoclonal Antibody Das-1 Identifies High-Risk
Pancreatic Cystic Lesions

Cyst fluid from non-mucinous PCLs (n ¼ 36) demon-
strated very little reactivity with mAb Das-1 by sandwich
ELISA assay (OD, 0.019 ± 0.032). Similarly, low-risk IPMNs
and MCNs (n ¼ 65) had minimal reactivity (OD, 0.019 ±
0.034). Conversely, high-risk IPMN and MCN lesions (n ¼
68) expressed a significantly higher amount of reactivity
(OD, 0.670 ± 0.555) when compared with low-risk IPMNs
and MCNs (P < .0001) and non-mucinous PCLs (P < .0001)
(Figure 2A). Plotting the overall sensitivity and specificity of
mAb Das-1 for high-risk PCLs as a continuous variable, AUC
was 0.965 (95% CI, 0.935–0.994) (Figure 2B).
Ns (n ¼ 90) MCNs (n ¼ 43)
Non-mucinous

cystic lesions (n ¼ 36)

43 (48) 41 (95) 28 (78)
6.6 (12.1) 48.4 (14.2) 52.3 (12.5)
44 (49) 22 (51) 10 (28)
7 (8) 1 (2) 1 (3)

24 (27) 18 (42) 8 (22)
21 (23) 7 (16) 5 (14)
7 (8) 0 (0) 0 (0)

.07 (3.23) 6.30 (4.32) 5.88 (2.72)
18 (20) 6 (14) 2 (6)



Figure 2.mAb Das-1 is highly sensitive and specific for high-risk pancreatic cystic lesions. (A) Cyst fluid immunoreactivity
against mAb Das-1 by ELISA. OD values as determined by ELISA in high-risk IPMNs (invasive IPMN, HGD of any epithelial
subtype, and IGD of intestinal subtype) and MCNs with HGD (n ¼ 68), low-risk IPMNs and MCNs (n ¼ 65), non-mucinous
cystic neoplasms (serous cyst adenoma, pancreatic neuroendocrine tumors, pseudocysts, solid pseudopapillary neoplasm,
retention cysts, and gastrointestinal stromal tumor) (n ¼ 36). Bars indicate the mean and SD in each column. Reactivity of mAb
Das-1 from fluid from high-risk IPMNs and MCNs was significantly higher than that from low-risk IPMNs/MCNs (P< .0001) and
non-mucinous cystic lesions (P < .0001). (B) Receiver operating curve analysis of mAb Das-1 for the identification of high-risk
pancreatic cystic lesions. The AUC was 0.965, which was highly significant (P < .0001). Utilizing Youden’s statistic, an optimal
binary cut point of 0.104 was selected and the sensitivity and specificity of Das-1 for segregating high-risk PCLs from low-risk
PCLs were 88.2% and 99%, respectively.
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While low-risk IPMNs (n ¼ 31) had an OD of 0.025 ±
0.042, non-invasive high-risk IPMN (n ¼ 41) had an OD of
0.610 ± 0.493 (P < .0001), and IPMN with an invasive
component (n ¼ 18) had an OD of 0.680 ± 0.555 (P <
.0001), demonstrating a progressive increase in reactivity to
mAb Das-1. The mAb Das-1 had a strong ability to segregate
IPMN-G with LGD/IGD (n ¼ 31; OD, 0.025 ± 0.042), which
represent the majority of indolent branch duct IPMNs, from
IPMN-G with HGD or invasive tubular carcinoma arising
from IPMN-G (n ¼ 14; OD, 0.636 ± 0.486) (P < .0001) or
IPMNs of any type with HGD or with associated invasive
carcinoma (n ¼ 50; OD, 0.658 ± 0.473) (P < .0001). The
reactivity of the biomarker with the various histologic
subtypes and dysplastic grades of IPMNs are displayed in
Supplementary Table 3. Among MCNs, lesions with LGD/IGD
(n ¼ 34) were non-reactive (OD, 0.014 ± 0.023) in com-
parison to MCNs with HGD (n ¼ 9; OD, 0.924 ± 0.825) (P <
.0001).
Evaluation of a Cutoff for Identification of High-
Risk Pancreatic Cystic Lesions by Monoclonal
Antibody Das-1

We have previously reported proposed preliminary OD
cutoffs in our initial descriptions of an ELISA for mAb Das-1
in IPMNs and in a subsequent pilot abstract.15,25 Our initial
report of a cutoff15 was based on the mean of only 9 sam-
ples of low-risk gastric-type IPMNs and twice their SD.
Subsequently, improving our assay and utilizing a small,
preliminary, previously reported cohort, we had initially
estimated an optimal cutoff OD for high-risk lesions to be
0.120, based on maximization of sensitivity and specificity
(data presented at Digestive Disease Week 2014).25 With
this cutoff, we reported a sensitivity of 84% and specificity
of 100% for identifying high-risk IPMNs. However, this
cohort did not include any non-mucinous cystic lesions,
MCNs, or other PCLs, and represented a single-center
experience only. Regardless, utilizing this cutoff, and the
unique cases in the current study cohort (n ¼ 126) as a
validation set, this previously suggested cutoff (0.120) had a
sensitivity and specificity of detecting high-risk lesions very
similar to the prior report: 83.0% (95% CI, 0.679–0.928)
and 100% (95% CI, 0.958–1.00), respectively.

Given our current much larger data set (n ¼ 169), which
encompasses all PCL subtypes, a statistically valid, optimal
cutoff was calculated by Youden’s index of �0.104. Utilizing
this cutoff, the sensitivity and specificity for segregating
high-risk PCLs from low-risk PCLs was 88.2% (95% CI,
0.781–0.948) and 99.0% (95% CI, 0.946–1.00), respectively.
In our cohort of 169 patients there was only 1 case with an
OD value between the 0.120 and 0.104 cutoffs—a patient
with a high-risk MCNs that had an OD value of 0.119. The
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small differences in sensitivity and specificity between the
cutoffs are due to this single case.

Utilizing a cutoff of 0.104, it should be noted that there is
only 1 patient who had a positive ELISA for mAb Das-1 (OD,
0.149) with a low-risk lesion. This patient had a 3-cm PCL
with a mural nodule with a gastric-type IPMN with IGD on
final surgical pathology. Similarly, there were 8 high-risk
cases non-reactive to mAb Das-1. Of these lesions, 2 had
malignant cytology identified on preoperative endoscopic
ultrasound and 5 presented with an MPD dilated >1 cm or a
focal mass on imaging.

When defining high-risk lesions strictly as those with
HGD/invasive component, mAb Das-1 continued to have
strong diagnostic performance with a sensitivity and spec-
ificity of 88.3% (95% CI, 77.4%–95.2%) and 92.7% (95% CI,
86.0%–96.8%), respectively (Supplementary Table 4).
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k-Fold Validation of Sensitivity and Specificity
To estimate the performance of mAb Das-1 on an inde-

pendent sample, we performed 10-fold cross validation with
100 replications. Cross-validated sensitivity and specificity
were 88.0% (95% CI, 77.9%–94.5%) and 97.6% (95% CI,
92.5%–99.4%), respectively.
C

Monoclonal Antibody Das-1 Is Superior to
Current Clinical Guidelines for Identifying High-
Risk Pancreatic Cystic Lesions

We next compared the performance of mAb Das-1 to the
available clinical guidelines7,29,30 (Table 2). The Sendai
guidelines had an overall sensitivity, specificity, and accu-
racy of 94.1% (95% CI, 85.6%–98.4%), 13.9% (95% CI,
7.79%–22.2%), and 46.2% (95% CI, 38.5%–54.0%),
respectively, for identifying high-risk lesions. In comparison,
the Fukuoka guidelines were significantly more accurate (P
< .012) with a sensitivity, specificity, and accuracy of 97.1%
(95% CI, 89.8%–99.6%), 20.8% (95% CI, 13.4%–30.0%),
and 51.5% (95% CI, 43.7%–59.2%), respectively. The
revised International Association of the Pancreas consensus
guidelines from 2017 have few changes for the indications
for surgery from the Fukuoka guidelines, and thus the
performance of these updated guidelines were identical to
the Fukuoka guidelines.31 The AGA guidelines were signifi-
cantly more accurate than the Sendai guidelines (P < .001),
as well as the Fukuoka guidelines (P < .001), with a
sensitivity, specificity, and accuracy of 50.0% (95% CI,
37.6%–62.4%), 89.1% (95% CI, 81.4%–94.4%), and 73.7%
(95% CI, 66.0%–79.9%), respectively. A validated compos-
ite clinical risk indicator27 was also significantly more ac-
curate than the Sendai guidelines (P < .003)
(Supplementary Table 5). However, with a sensitivity,
specificity, and accuracy of 88.2%, 99.0%, and 94.7%,
respectively, the performance of mAb Das-1 was signifi-
cantly (P < .001) more accurate than that of the Sendai,
Fukuoka, or AGA guidelines, or the composite risk indicator
(Table 2). The same was true when defining high-risk le-
sions strictly as those with a HGD/invasive component
(Supplementary Table 4).
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Evaluation of Clinical Risk Factors Associated
With High-Risk Pancreatic Cystic Lesions in
Association With Monoclonal Antibody Das-1

In performing a univariate analysis to identify high-risk
PCL in our cohort utilizing all of the component clinical in-
dicators in the current guidelines, significant predictors
included: mAb Das-1 (OR, 750; 95% CI, 91.5–6145.1; P <
.0001), MPD dilation >5 mm (OR, 13.0; 95% CI, 5.77–29.28;
P < .0001), and �1 cm (OR, 15.6; 95% CI, 4.45–54.9; P <
.0001), solid component (OR, 4.07; 95 CI, 1.77–9.34; P ¼
.0009), any symptoms (OR, 2.01; 95% CI, 1.08–3.76; P ¼
.0280), jaundice (OR, 2.41; 95% CI, 1.11–5.23; P ¼ .0260),
and the composite risk indicator (OR, 3.81; 95% CI, 1.63–
8.86; P ¼.0013) (Table 3).

We then examined the associations between clinical risk
factors and high-risk PCL after controlling for mAb Das-1
reactivity. Using exact logistic regression with only 2 inde-
pendent variables (the clinical variable of interest and mAb
Das-1), MPD dilation >5 mm (OR, 14.98; 95% CI, 2.63–108;
P < .0012) and �1 cm (OR, 47.9; 95% CI, 6.39–490; P <
.0001), and jaundice (OR, 6.16; 95% CI, 1.08–36.7; P ¼
0.0397) were still significantly associated with high risk,
even after controlling for mAb Das-1 reactivity. Given the
highly sensitive and specific nature of mAb Das-1 in being
able to detect high-risk lesions with only 9 misclassifications
in our cohort of 169 patients, a statistically valid multivar-
iate model or the creation of a risk-prediction model was
not feasible.

Discussion
PCLs are very frequently, incidentally identified in pa-

tients,4,5 without clinical guidelines or biomarkers that can
reliably identify lesions that necessitate definitive
Table 3.Univariate and Multivariate Analysis of Monoclonal Ant
Pancreatic Cystic Lesions

Variable

Univariate ana

Sensitivity, % Specificity, %

mAb Das-1 88.2 (78.1–94.8) 99.0 (94.6–100)
Cyst size �3 cm 65.7 (53.1–76.8) 28.7 (20.1–38.6) 0
Cyst size �4 cm 47.1 (34.8–59.6) 47.5 (37.5–57.7) 0
MPD >5 mm 52.9 (40.4–65.2) 90.1 (82.5–95.1)
MPD �1 cm 32.4 (21.5–44.8) 97 (91.6–99.4)
Mural nodule 20.6 (11.7–32.1) 88.0 (80.0–93.6)
Solid component 30.9 (20.2–43.3) 90.0 (82.4–95.1)
Multifocal 28.8 (17.8–42.1) 87.1 (79–93)
Symptoms 55.9 (43.3–67.9) 61.2 (50.8–70.9)
Weight loss 5.97 (1.65–14.6) 95.0 (88.8–98.4)
Abdominal pain 32.8 (21.8–45.4) 72.3 (62.5–80.7)
Jaundice 27.9 (17.7–40.1) 85.9 (77.4–92.0)
Pancreatitis 10.3 (4.24–20.1) 100.0 (96.3–100.0)
Composite risk (jaundice

or MPD dilation or
cyst size �4 cm)

88.2 (78.1–94.8) 34.7 (25.5–44.8)

MPD, main pancreatic duct.
management. While data from long-term cohorts of PCL
have identified a small but ongoing risk to the development
of carcinoma,32,33 this must be balanced against the
increasing data demonstrating low yield and high potential
morbidity of surgical intervention in elderly patients with
non-worrisome PCLs.8,34 In our present study, we demon-
strate that mAb Das-1 reliably identifies high-risk PCLs in a
large, pathologically verified, multicenter cohort of patients.
With a sensitivity of 88.2%, specificity of 99%, and overall
accuracy of 94.7%, the biomarker was significantly more
accurate than currently available guidelines (P < .001).

There are several limitations of our study. Our study
cohort is retrospectively collected, prospectively banked
surgical specimens from large, tertiary care centers, which
introduces surgical selection, referral, and treatment access
biases. While several validation and exploration studies in
PCL biomarkers have reported larger non-pathologically
verified cohorts, few have demonstrated a similarly sized
and powered surgical resection cohort as the one utilized
herein from 4 high-volume, geographically diverse cen-
ters.35 Without a prospective cohort of patients followed, it
is impossible to assess the malignant potential of a PCL
within a patient’s lifetime, however, evaluation against a
gold standard of blinded, pathology review is ultimately
superior to surrogate end points and assumptions of indo-
lence based on clinical/radiographic follow-up. As such, this
study does not address the optimal approach of integrating
mAb Das-1 into PCL surveillance programs. We are
currently studying the utilization of this marker on a pro-
spective basis to validate its use in this fashion. With mul-
tiple promising biomarkers becoming available to risk
stratify PCL, further studies are currently ongoing, to pro-
spectively validate these various markers against one
another, in the same cohorts.
ibody Das-1 and Clinical Indicators for Predicting High-Risk

lysis
Multivariate analysis
controlling for Das-1

OR (95% CI) P value
Adjusted

OR (95% CI) P value

750 (91.5–6145.1) <.0001 — —

.738 (0.382–1.43) .3665 0.597 (0.116–3.33) .7001

.805 (0.435–1.49) .4900 1.76 (0.358–11.4) .6624
13.0 (5.77–29.28) <.0001 14.98 (2.63–108) .0012
15.6 (4.45–54.9) <.0001 47.9 (6.39–490) <.0001
1.92 (0.829–4.46) .1280 1.28 (0.084–9.76) 1.0000
4.07 (1.77–9.34) .0009 3.24 (0.384–20.3) .3258
2.26 (1.01–5.02) .0463 2.41 (0.290–14.6) .5022
2.01 (1.08–3.76) .0280 5.25 (0.946–53.9) .0604
1.20 (0.310–4.64) .7916 6.16 (0.51–49.3) .1628
1.25 (0.639–2.44) .5182 1.06 (0.154–5.62) 1.0000
2.41 (1.11–5.23) .0260 6.16 (1.08–36.7) .0397

— .9752 — —

3.81(1.63–8.86) .0019 — —



September 2019 mAb Das-1 Identifies High-Risk Pancreatic Cystic Lesions 727

CL
IN
IC
AL

PA
NC

RE
AS
While the specific identity of the antigen that mAb Das-1
is reactive to currently remains under investigation, limited
by its large molecular weight (>200 kDa) and heavy
glycosylation, previous examination of the biomarker in
fetal tissues has demonstrated expression of the Das-1 an-
tigen in organs arising from the primitive gut (oropharynx,
lung, esophagus, stomach, biliary tree, pancreas, liver, and
intestine).36 Several investigators have demonstrated that
while Das-1 is expressed in the fetal esophagus, stomach,
small bowel, and pancreas, it is lost in the respective adult
organs and reappears in precancerous and cancerous
conditions like Barrett’s esophagus/esophageal adenocar-
cinoma,14,37 incomplete-type gastric intestinal metaplasia/
gastric adenocarcinoma,18,38 small intestinal adenomas/
adenocarcinoma,19 and pancreatic intraepithelial
neoplasia/pancreatic adenocarcinoma.20 This pattern of
expression, loss, and re-emergence appears to suggest its
role as an oncofetal marker. Previous in vitro experiments
have demonstrated that the Das-1 antigen is externalized
and released from cells into the culture medium,39 which
may explain the intense staining of extracellular mucin we
have observed in colloid carcinomas previously,15 and the
abundant presence in cyst fluid here. It is also promising
that even in acellular cyst fluid aspirates, mAb Das-1 is still
readily assayable. Ultimately, the presence of Das-1 in fetal
pancreatic tissue, loss in normal pancreas and pancrea-
titis,15 and re-emergence in dysplastic PCLs suggests that
identification of this antigen may both help advance our
knowledge of pathophysiologic mechanisms of malignant
transformation and improve our diagnostic capacity for
these lesions.

IPMNs progress from LGD and IGD to HGD (carcinoma in
situ) and invasive carcinoma. We have previously demon-
strated in a cohort of 94 patients with resected IPMNs that
by immunohistochemistry, mAb Das-1 expression was
preferentially expressed in higher-grade lesions.15 We
confirmed in our present study our initial observation that
mAb Das-1 is minimally reactive to IPMN-G with LGD/IGD
(3% [1 of 31]), which most frequently represent indolent,
branch duct lesions. In addition, among the 43 MCNs in the
current cohort, mAb Das-1 had a 100% sensitivity and
specificity for identifying MCNs harboring HGD. While
guidelines typically recommend the resection of all MCN
lesions, the ability to reliably assess the development of
dysplasia in MCNs may prospectively improve the timing of
surgical intervention and avoid morbid interventions in
those with significant comorbidities. Of the 8 high-risk le-
sions that were non-reactive with mAb Das-1, there was no
clear bias to histologic subtype, and of these cases, 2 had
preoperative endoscopic ultrasound/fine-needle aspiration
with positive cytology and 5 of the lesions had an MPD >1
cm or a focal mass on imaging. Thus, in practice, 7 of 8 of
these would have likely been referred to resection on clin-
ical grounds alone, given the very high specificity of positive
cytology and severe MPD dilation for high-risk lesions
(cytology >90%,40 MPD �1 cm 97%).

Classically, CEA has been utilized to discriminate
mucinous from non-mucinous PCLs, traditionally with a
cutoff of 192 ng/mL28 though there has been considerable
controversy regarding an optimal cutoff value, with only
moderate reported accuracy.41,42 In our available cohort,
CEA was only 50% sensitive for identifying mucinous le-
sions. Other techniques, including cyst fluid glucose43 and
combinations of clinical indicators,27 have been utilized to
distinguish mucinous from non-mucinous lesions. While
specific genetic alterations identified with next-generation
sequencing (NGS) can subtype PCLs with moderate accu-
racy,26,44,45 mAb Das-1 is completely non-reactive with
the entire gamut of non-mucinous PCLs by ELISA
(Figure 2).

Given the high prevalence of PCL in clinical practice,
clinical guidelines have been adopted7,29,30 to aid clinicians
in attempting to risk stratify patients in the absence of
adequate biomarkers. Validation cohorts have proven
these to be inadequate in either their sensitivity or speci-
ficity, especially among branch duct lesions.9–11 While
these guidelines are not meant to be applied retroactively
to surgical series, given the inherent biases associated with
this, ideally a clinical risk model would have reasonable
accuracy even in these cohorts. In our cohort of 169
resected PCLs, as expected, while the Sendai guideline had
a high sensitivity (94.1%), it was non-specific (13.9%) for
high-risk lesions, which were improved upon in the
Fukuoka guidelines (specificity 20.8%) without sacrificing
sensitivity. Given their similarity, the performance of the
2012 Fukuoka guidelines and the 2017 International As-
sociation of Pancreatology updated guidelines in identi-
fying high-risk lesions was identical. The AGA guidelines
(AUC 0.696) were considerably more specific (89.1%), but
at the cost of reduced sensitivity (50.0%). Overall, the AGA
and Fukukoa guidelines were significantly more accurate
than the Sendai guidelines and the AGA guidelines were
more accurate than the Fukuoka guidelines (Table 2). In
comparison, mAb Das-1 reactivity was significantly more
accurate than any of the available guidelines (P < .001).
Utilizing univariate regression modeling, several of the
same clinical factors that are constituent elements of the
current clinical guidelines remained significant predictors
of risk (MPD dilation, MPD involvement, solid component,
symptoms, and jaundice). While several of these traditional
high-risk clinical features like dilated MPD >1 cm, mural
nodule, solid component, pancreatitis, jaundice, or weight
loss were highly specific (97.0%, 88.0%, 90.0%, 100.0%,
85.9%, and 95.0%, respectively), they were highly insen-
sitive (32.4%, 20.6%, 30.9%, 10.3%, 27.9%, and 5.97%,
respectively). Therefore, their presence clinically should
not be discounted, but they are insufficient to identify all
high-risk lesions. Multivariate regression modeling con-
trolling for mAb Das-1 and these clinical indicators
demonstrated the presence of MPD dilation or jaundice to
still be significantly associated with high-risk PCLs, inde-
pendent of mAb Das-1 reactivity. Interestingly, in exam-
ining patients without any high-risk features (no dilated
pancreatic duct >1 cm, weight loss, jaundice, pancreatitis,
mural nodule, or solid component [n ¼ 84]), the sensitivity,
specificity, and AUC of mAb Das-1 are 94.7% (95% CI,
74.0–99.9), 100.0% (95% CI, 94.5–100.0), and 0.97 (95%
CI, 0.92–1.00). Therefore, among these lesions without
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obvious clinical high-risk features, mAb Das-1 may be of
particular benefit.

There have been several studies attempting to identify
new biomarkers for high-risk PCLs, including microRNAs,
NGS, and telomerase activity.45–48 Singhi et al44 reported a
panel of NGS targets with specific thresholds of mean allele
frequency that demonstrate high accuracy for advanced
neoplasia. Similarly, targeted mass spectrometry analysis of
cyst fluid for mucin-5AC and mucin-2 has been reported as
accurate in identifying advanced neoplasia.49 While these
are promising initial studies, their results need to be
confirmed by multicenter validation cohorts. In this study,
we conducted multicenter validation on mAb Das-1 as a
biomarker for high-risk PCL. As mAb Das-1 is non-reactive
to normal gastric mucosa and duodenal mucosa,16 it is not
susceptible to contamination that can affect cytology inter-
pretation or even mean allele frequency in NGS. Also, in
comparison to the technical expertise required for NGS or
targeted mass spectrometry, ELISA is simple, highly repro-
ducible, and inexpensive. Indeed, the non-commercialized
cost of performing the assay for an entire plate (40 sam-
ples) is $50–$100. In addition, we found that the vast ma-
jority (81%) could be analyzed with as little as 125 mL cyst
fluid, and 94% could be completed with 500 mL. As the
ELISA assay is further refined, it is likely that smaller vol-
umes of fluid will be required.

In conclusion, mAb Das-1 is a sensitive and highly spe-
cific biomarker for the detection of high-risk and malignant
PCLs. The inclusion of the Das-1 marker into the analysis of
cyst fluid may aid in the preoperative diagnosis and risk
stratification of patients with PCLs.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2019.05.014.
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Supplementary Table 1.Performance of Carcinoembryonic
Antigen (>192 ng/mL) in Assessing
Mucinous vs Non-Mucinous
Pancreatic Cystic Lesions (n ¼ 49)

Variable Data

Sensitivity for mucinous
cystic lesions, % (95% CI)

50.0 (0.329–0.671)

Specificity for mucinous
cystic lesions, % (95% CI)

92.3 (0.64–0.998)

AUC (95% CI) 0.712 (0.6–0.824)
Positive predictive value, % (95% CI) 94.7 (74–99.9)
Negative predictive value, % (95% CI) 40.0 (22.7–59.4)
Likelihood ratio (95% CI) 6.5 (0.961–43.9)

Supplementary Table 2. Intraductal Papillary Mucinous
Neoplasm Cohort Characteristics

Characteristic n (%)

IPMN location
Head/uncinate 37 (41)
Neck 12 (13)
Body/tail 13 (15)
Multifocal 28 (31)

Anatomic subtype
Main duct 14 (16)
Branch duct 46 (51)
Mixed type 30 (33)

Preoperative main duct involvement 42 (46)
Epithelial subtype

Gastric 39 (43)
Intestinal 24 (27)
Pancreatobiliary 5 (6)
Oncocytic 4 (4)
Invasive 18 (20)
Invasive tubular 6 (33a)
Invasive colloid 9 (50a)
Invasive with concomitant adenocarcinoma 3 (17a)

Dysplastic grade
Low 19 (21)
Intermediate 21 (23)
High 32 (36)

aPercent of invasive.
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Supplementary Table 5.Performance of Composite Clinical Parameters in Assessing High-Risk Pancreatic Cystic Lesions

Variable
Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

LR
(95% CI)

PPV, %
(95% CI)

NPV, %
(95% CI)

Composite high riska (jaundice,
MPD dilation, or cyst �4 cm)

88.2 (78.1–94.8) 34.7 (25.5–44.8) 1.35 (1.14–1.59) 47.6 (38.7–56.7) 81.4 (66.6–91.6)

Composite high riskb (jaundice,
MPD dilation, or cyst �4 cm)

86.3 (73.7–94.3) 43.6 (27.8–60.4) 1.53 (1.14–2.06) 66.7 (54–77.8) 70.8 (48.9–87.4)

LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
aConsidering high risk as IPMN/MCN with HGD and/or invasion or IPMN-I with IGD.
bConsidering high risk as only IPMN with HGD and/or invasion, excluding other PCLs.

Supplementary Table 3.Monoclonal Antibody Das-1 Reactivity by Epithelial Subtype and Dysplastic Grade of Intraductal
Papillary Mucinous Neoplasm

Variable n mAb Das-1–positive, n (%)

Gastric type
Low grade 19 0 (0)
Intermediate grade 12 1 (8.3)
High grade 8 7 (88)

Intestinal type
Intermediate grade 9 6 (67)
High grade 15 14 (93)

Oncocytic type
High grade 4 3 (75)

Pancreaticobiliary type
High grade 5 4 (80)

Invasive IPMN
Tubular carcinoma 6 6 (100)
Colloid carcinoma 9 8 (89)
Invasive IPMN with concomitant pancreatic adenocarcinoma 3 3 (100)

Supplementary Table 4.Performance of Monoclonal Antibody Das-1 and Clinical Guidelines in Assessing High-Risk Lesions,
Defined as Those With Invasive Component or High-Grade Dysplasia of Any Epithelial Subtype

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

mAb Das-1 88.3 (77.4–95.2) 92.7 (86.0–96.8) 86.9 (75.8–94.2) 93.5 (87.1–97.4)
Sendai guidelines 95.0 (86.1–99.0) 13.8 (7.91–21.7) 37.7 (30.0–46.0) 83.3 (58.6–96.4)
Fukuoka guidelines 96.7 (88.5–99.6) 19.3 (12.3–27.9) 39.7 (31.7–48.1) 91.3 (72.0–98.9)
AGA guidelines 53.3 (40.0–66.3) 88.1 (80.5–93.5) 71.1 (55.7–83.6) 77.4 (69–84.4)

NPV, negative predictive value; PPV, positive predictive value.
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