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Abstract

Background and Aims: Pancreatic intraepithelial neoplasia is associated with chronic
pancreatitis (CP) changes on EUS. The objective of this study was to determine whether CP
changes were more common in high-risk individuals (HRIs) than in control subjects and whether
these changes differed among higher-risk subsets of HRIs.

Methods: HRIs and control subjects were identified from an endoscopy database. HRIs were
defined as having predisposing mutations or a family history (FH) of pancreatic ductal
adenocarcinoma. HRIs were classified as VHRIs who met Cancer of the Pancreas Screening
(CAPS) criteria for high risk and mHRIs who did not. Multivariable logistic regression was used
to adjust for confounders and CP risk factors.

Results: Sixty-five HRIs (44 vHRIs, 21 mHRIs) and 118 control subjects were included. HRIs
were included for FH (25), Lynch syndrome (5), Peutz-Jeghers syndrome (2), and mutations in
BRCA1/2(26), PALBZ2 (3), ATM (3), and CDKNZA (1). After adjustment for relevant variables,
HRIs were 16 times more likely to exhibit 3 or more CP changes than control subjects (95%
confidence interval, 2.6-97.0; £=.003). HRIs were also more likely to have hypoechoic foci
(odds ratio, 8.0; 95% confidence interval, 1.9-32.9; £=.004). vHRIs and mHRIs did not differ in
frequency of 3 or more CP changes on EUS.

Conclusions: HRIs were more likely to exhibit CP changes and hypoechoic foci on EUS
compared with control subjects. HRIs with these findings may require closer surveillance. HRIs
who did or did not meet CAPS criteria did not differ with regard to CP findings, supporting a more
inclusive approach to screening. (Gastrointest Endosc 2019;89:842-51.)

Pancreatic ductal adenocarcinoma (PDAC) is the third leading cause of cancer-related deaths
in the United States.! Prognosis has remained poor because PDAC often presents in later
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stages.12 Because survival depends on the initial stage, early detection is key. Although
most PDAC cases are sporadic, screening the general population is not feasible given
significant cost. However, some are considered high-risk individuals (HRIs) because of
either significant family history (FH) of PDAC or a pre-disposing genetic mutation or
syndrome. In these patients, screening is pursued to prevent PDAC or detect it at early stages
where prognosis is improved.

In 2013 the International Cancer of the Pancreas Screening (CAPS) Consortium published
consensus recommendations on screening HRIs.3 The CAPS consortium recommended
rigorous criteria meant to identify HRIs.3 However, other high-risk groups that are not
included in these criteria are recognized in published screening protocols.4~13 For screening
modality, magnetic resonance imaging/MRCP and EUS were recommended by the CAPS
consortium.3 Successful screening was defined as detection of TINOMO PDAC or high-
grade pre-cursor lesions, including pancreatic intraepithelial neoplasia (PanIN).3 PDAC is
detected at very low rates, ranging from 0% to 12.5%,47:911-17 and can present during
screening as metastatic disease.®? Given the known association between PanIN and PDAC!8
and the increased frequency of PanIN in familial PDAC,19 there is benefit in detecting this
precursor lesion during screening.

Chronic pancreatitis (CP) changes may be associated with underlying PanIN. EUS is the
most appropriate modality to detect these changes, which are quantified through 9 widely
used criteria.20 PanIN lesions are believed to cause localized duct obstruction leading to
lobulocentric atrophy, which, when multifocal, presents on EUS as CP changes.?!
Histopathologic studies on pancreatectomy specimens from HRIs with CP changes shows
PanIN associated with loss of acinar parenchyma and lobulocentric atrophy.21-23 Through
its relation to PanIN, the presence of CP changes may indicate a higher risk of PDAC.
Takenaka et al?4 found that among patients with sporadic intraductal papillary mucinous
neoplasms, prior CP changes on EUS were associated with invasive carcinoma.

These findings suggest that CP changes on EUS, particularly in patients without clinical CP,
may help predict PDAC risk. Among HRIs, studies have shown anywhere from 0% to 60%
of patients had CP changes on EUS,6:10-15.17.22.25 31though only 2 studies'%-22 compared
HRIs with normal-risk populations. It is unclear whether CP changes on EUS differ between
HRIs who do or do not meet the CAPS criteria for high PDAC risk. Presence of CP changes
among more “moderate-risk” HRIs who do not meet these criteria could support a more
inclusive screening approach.

In this study our primary aim was to determine whether CP changes were more prevalent in
HRIs when compared with individuals not at high risk for PDAC. Among HRIs, we further
sought to investigate whether CP changes differed between higher and moderate-risk subsets
of HRIs.
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METHODS

Study design

We performed a single-center retrospective study from December 2012 to December 2017
examining CP changes on EUS in HRIs and control subjects. Approval for this study was
obtained from the Stanford University Institutional Review Board (IRB no. 19286).

Consecutive HRIs who underwent screening EUS at our center were included. Patients who
met the CAPS criteria were classified as very high-risk individuals (vHRIs) and included
patients with the following:

. Two or more relatives with PDAC, including 1 first-degree relative (FDR)
. Peutz-Jeghers syndrome (PJS)

. BRCAZ, FALBZ, or CDKNZ2A mutation or Lynch syndrome (LS) with at least 1
FDR with PDAC

At our center, we regularly screen high-risk groups who did not meet the CAPS criteria.
These individuals were classified as moderately high-risk individuals (mHRIs) and included
patients with the following:

. Three or more non-FDRs with PDAC

. BRCAI, BRCAZ, PALB2, CDKNZA, or ATM mutation or LS regardless of FH
of PDAC

HRIs were excluded if they had prior PDAC, pancreatic surgery, or clinical evidence of other
pancreatic disease.

Consecutive patients undergoing EUS for nonpancreatobiliary indications were included as
control subjects. Reasons for exclusion were FH of PDAC, prior pancreatic disease or
surgery, lipase/amylase elevation, CA 19-9 elevation, or prior pancreatobiliary imaging
abnormalities. For HRIs and control subjects, incomplete description of the pancreas on
EUS led to exclusion.

Data collection

We retrospectively analyzed the Stanford University Medical Center endoscopy database to
identify HRIs and control subjects who underwent EUS during our study period. EUS was
performed by 1 of 4 operators who each had at least 3 years of experience. Information on
CP changes was abstracted from EUS reports. We used the standard 9 criteria for CP:
hyperechoic strands, hyperechoic foci, lobularity, cysts, ductal dilation, ductal irregularity,
hyperechoic duct walls, visible side branches, and intraductal stones. At our center, in
agreement with consensus criteria, we defined lobularity as well-circumscribed structures
with an enhancing rim and a relatively echo-poor center.26 We further defined hypoechoic
foci to represent echo-poor foci without this enhancing rim. Beyond CP changes and
hypoechoic foci, we also documented solid pancreatic lesions. The decision to sample
pancreatic abnormalities was based on operator discretion depending on technical feasibility
and safety. For patients with more than 1 EUS, information was gathered from each
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procedure. Our primary outcome of interest was the presence of 3 or more CP changes,
which is a commonly used threshold for the diagnosis of CP.20.26-28

From the electronic medical record, we gathered information on age, gender, race, body
mass index (BMI), diabetes, and history of smoking. For patients with multiple EUS
procedures, the most recent EUS with the greatest number of CP changes was used to
determine age. We determined presence of significant alcohol use (>2 drinks per day) and
any alcohol use. We further quantified alcohol use using fluid ounces per week, where each
standard drink contains .6 fluid ounces.

Comparisons and statistical methods

RESULTS

Data are presented as mean + standard deviation or frequency (%). For univariate analyses
the Pearson 2 test or the Fisher exact test was used for categorical variables, whereas the 2-
sample ftest with unequal variances was used for continuous variables.

We first compared HRIs with control subjects. An analysis of variables was conducted by
performing univariate logistic regression analyses with 3 or more CP changes as the
outcome variable and the following independent variables: age, male gender, white race,
BMI, diabetes, smoking history, any prior alcohol use, and number of EUS procedures. Any
variable associated with being an HRI and with 3 or more CP changes ata A< .15 was a
potential confounder. Number of EUS procedures, male gender, and any alcohol use were
found to be potential confounders in our cohort. These variables were included along with
other classic CP risk factors in the final multivariable logistic regression model. Classic CP
risk factors were age, male gender, any alcohol use, history of smoking, and history of
diabetes. When comparing HRIs and control subjects, we similarly performed 5 separate
logistic regression models with the 4 most common CP changes (hyperechoic strands,
lobularity, cysts, hyperechoic duct walls) and hypoechoic foci as outcome variables.
Potential confounders differed based on outcome variable and included male gender, age,
number of EUS, BMI, and any alcohol use. Potential confounders were included with classic
CP risk factors in final multivariable logistic regression models.

In a similar fashion, we performed logistic regression analyses investigating 3 pairwise
comparisons: control subjects versus mHRIs, control subjects versus vHRIs, and mHRIs
versus VHRIs. Outcome variables of interest were 3 or more CP changes, hyperechoic
strands, lobularity, cysts, hyperechoic duct walls, and hypoechoic foci. Potential confounders
varied based on comparison and outcome variable and included male gender, number of
EUS, any alcohol use, age, and BMI. Classic CP risk factors and potential confounders were
included in final multivariable logistic regression models.

All statistical analyses were performed with the Stata/IC 15.1 statistical package (StataCorp
LP, College Station, Tex). A £< .05 was considered to be statistically significant.

We identified 65 HRIs and 118 control subjects meeting our inclusion criteria. Table 1
describes FH and mutation information for HRIs. Among HRIs, reason for high-risk status
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included FH (25), BRCA1 (6), BRCA2 (19), PALB2(3), ATM (3), BRCA2and ATM (1),
CDKNZA (1), LS (5), and PJS (2). Forty-four vHRIs met CAPS criteria and 21 mHRIs did
not. Of 118 control subjects, EUS indications included pathology of the esophagus (16),
stomach (32), liver (1), gall-bladder (2), spleen (1), duodenum (27), regional lymph nodes
(22), mesenteric/retroperitoneal mass (7), and pre-transplant evaluation (1). No HRIs and 17
control subjects were excluded for incomplete description of the pancreas on EUS.

CP changes in HRIs and control subjects

Table 2 shows baseline demographics of control subjects and HRIs. HRIs were more likely
to be women (72% vs 49%; P =.002) and have any alcohol use (58% vs 36%; P =.003) than
control subjects. HRIs also underwent more EUS procedures than control subjects (1.6 vs
1.1; P<.001).

Table 3 shows the results of univariate and multivariable analyses comparing HRIs and
control subjects. Twelve of 65 HRIs (18%) had 3 or more CP changes, compared with 2 of
118 control subjects (2%). After controlling for potential confounders and classic CP
factors, HRIs had 16 times the odds of having 3 or more CP changes compared with control
subjects (odds ratio [OR], 15.8; 95% confidence interval [CI], 2.6-97.0; A= .003). HRIs
were more likely to exhibit individual CP changes, including hyperechoic strands (OR, 15.4;
95% Cl, 4.3-55.1; P<.001), lobularity (OR, 7.6; 95% CI, 2.0-28.8; P=.003), cysts (OR,
36.2; 95% Cl, 4.1-318; P=.001), and hyperechoic duct walls (OR,37.2; 95% ClI, 6.6-209; P
<.001). HRIs were also more likely to have hypoechoic foci on EUS (OR, 8.0; 95% CI,1.9—
32.9; P=.004). These differences between HRIs and control subjects persisted in subsets of
HRIs who did or did not have any alcohol use (Supplementary Table 1, available online at
www.giejournal.org). Representative EUS images of hypoechoic foci and lobularity are
shown in Figure 1.

CP changes in vHRIs and mHRIs

Table 4 shows baseline demographics of control subjects, mHRIs, and vHRIs. Female
gender was more common in mHRIs and VHRIs compared with control subjects but did not
differ between mHRIs and vHRIs. vHRIs were more likely to have any alcohol use than
control subjects. vHRIs underwent more EUS studies than control subjects (1.8 vs 1.1; P<.
001), but there was no difference in this finding between vHRIs and mHRIs or mHRIs and
control subjects.

Table 5 shows results of univariate and multivariable analyses comparing EUS changes in
VvHRIs, mHRIs, and control subjects. Nine of 44 vHRIs (20%) and 3 of 21 mHRIs (14%)
had 3 or more CP changes. When adjusted for potential confounders and classic risk factors,
mHRIs had 61 times the odds (OR, 60.9; 95% CI, 3.3-1129; = .006) and vHRIs had 17
times the odds (OR, 16.6; 95% CI, 1.8-151; £=.013) of having 3 or more CP changes
compared with control subjects. When comparing vHRIs with mHRIs, there was no
difference in this finding even after multivariable adjustment (OR, .35; 95% ClI, .4-3.5; P=.
374).

Of the most common CP changes, VHRIs were more likely than control subjects to exhibit
all changes. mHRIs were more likely than control subjects to have hyperechoic strands (OR,
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10.8; 95% Cl, 1.4-83.4; P=.022), lobularity (OR, 29.5; 95% CI, 2.6-332; £=.006), and
hyperechoic duct walls (OR, 13.2; 95% CI, 1.5-119; £=.022) but did not differ from
control subjects with regard to cysts. When comparing vHRIs with mHRIs, vHRIs were
more likely to exhibit hyperechoic strands (OR, 4.4; 95% ClI, 1.02-19.0; £=.047) but did
not differ from mHRIs with regard to lobularity, cysts, or hyperechoic duct walls.

vHRIs were more likely to exhibit hypoechoic foci than control subjects (OR, 10.7; 95% ClI,
2.5-46.1; P=.001). There was no difference between mHRIs and control subjects or mHRIs
and vHRIs with regard to this finding.

Solid lesions

FNA was performed on 4 HRIs and 2 control subjects for incidental pancreatic cysts, from
which no cancers were diagnosed. Two additional HRIs exhibited solid pancreatic lesions on
EUS and had FNA performed. In 1 case, PDAC was found in a 59-year-old white woman
classified as an mHRI with a pathogenic BRCAZ mutation and no FH of PDAC. Before
PDAC screening, the patient had no symptoms. Baseline EUS showed a diffusely
hyperechoic pancreas suggestive of fatty infiltration with 1 CP change of lobularity. The
patient was lost to follow-up and presented 2 years later with liver function test elevation and
magnetic resonance imaging showing a new pancreatic tail lesion and liver lesions
concerning for metastases. FNA of liver lesions confirmed stage 1V metastatic PDAC. The
patient subsequently underwent radiation and chemotherapy but had progressive disease and
died 2 years after cancer diagnosis. We re-reviewed the available images from the baseline
EUS and found no evidence of a missed solid lesion at that time.

The other case was a 71-year-old white man classified as a vHRI with 2 FDRs with PDAC
and no known genetic mutation. Baseline EUS showed a 14 x 10 mm cyst communicating
with the main pancreatic duct. There was a small solid nodule at the side of the cyst, which
was too small to perform biopsy sampling. FNA showed elevated carcinoembryonic antigen.
Given imaging and carcinoembryonic antigen results, there was concern for high-risk
intraductal papillary mucinous neoplasm. Distal pancreatectomy was recommended, but the
patient moved to another state and was lost to follow-up.

DISCUSSION

In this study, we found that HRIs had 16 times the odds of having CP changes on EUS
compared with control subjects without pancreatobiliary disease. This association persisted
even after controlling for potential confounders and classic CP risk factors. When examining
specific EUS findings, HRIs were more likely to exhibit hyperechoic stranding, lobularity,
cysts, hyperechoic duct walls, and hypoechoic foci. When comparing vVHRIs who met the
CAPS high-risk criteria with mHRIs who did not, there was no difference in frequency of 3
or more CP changes, and both high-risk groups exhibited this more frequently than control
subjects.

CP changes in asymptomatic HRIs may reflect lobulocentric atrophy associated with PanIN.
Brune et al?! examined 8 pancreatectomy specimens obtained from HRIs with CP changes
on EUS and found a high density of PanIN lesions associated with lobular units affected by
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atrophy and loss of acinar cells. Meckler et al?9 examined 11 HRIs who underwent
pancreatectomy and similarly found multifocal PanIN associated with lobules containing
fibrocystic atrophy. This progressive acinar dropout and atrophy is similar to changes seen in
animals after pancreatic duct ligation.30 This implies that in HRIs, diffuse PanIN leads to
multifocal small duct obstruction resulting in lobulocentric atrophy that is reflected on EUS
as CP changes. Although the mechanism of obstruction may be physical in advanced PanIN,
obstructive atrophy is seen in flat, low-grade lesions. This suggests alternative mechanisms
for obstruction, such as altered expression of mucins3! causing more viscous secretions.

Given its relationship with PanIN, CP changes may be a risk factor for PDAC. LeBlanc et
al32 found that increasing CP changes on EUS is associated with advancing PanIN grade.
Takenaka et al?4 described 69 patients with sporadic intraductal papillary mucinous
neoplasms who underwent resection and found that having at least 1 CP finding on EUS was
associated with a higher prevalence of invasive carcinoma. These findings suggest that HRIs
with CP changes are at higher risk for PDAC and may require closer monitoring.

CP changes on EUS in HRIs have been previously reported, as summarized in Table
6.6.10-1517.22.25 |y agreement with our findings, Canto et al?2 and Mizrahi et al'C reported
these changes more frequently in HRIs when compared with control subjects. Canto et al22
defined HRIs as having an FH of PDAC or PJS, whereas Mizrahi et all® examined BRCAZ2
carriers. Our cohort included individuals with an FH of PDAC, PJS, and LS and BRCA1/2,
PALB2, CDKNZA, and ATM carriers. In this diverse group, we found that 18% of HRIs had
3 or more CP changes on EUS. A similar frequency was reported by Verna et al® (6/31;
19%) and Langer et al# (17/76; 22%). By contrast, CP changes were more frequently seen
in HRIs screened by Canto et al?2 (47/78; 60%). Control subjects in this study also had a
higher rate of CP changes (23/138; 17%)22 than our control subjects (2/118; 2%) despite
meeting similar inclusion criteria. This discrepancy could be related to differences in CP risk
factors. HRIs screened by Canto et al?2 were more likely to be men (44% vs 27%) or ever
smokers (45% vs 33%) than our cohort. In terms of individual CP changes, we found that
22% of HRIs had lobularity and 34% had hyperechoic strands on EUS, which is similar to
the 18% and 37% of BRCAZ carriers, respectively, described by Mizrahi et al0 with these
findings.

In the original description of CP features on EUS by Wiersema et al 2 “focal regions of
reduced echogenicity” was considered a CP change. In subsequent validation studies,33
whereas lobularity, defined as echo-poor structures with an enhancing rim, 26 is a CP criteria,
foci without this surrounding rim are not included. In our study these findings, which we
termed hypoechoic foci, were found in 20% of HRIs and were more commonly observed in
HRIs than control subjects. Brentnall et al?3 reported hypoechoic nodules accompanying CP
changes in 7 of 14 HRIs who underwent EUS and noted widespread dysplasia in the 6 who
then underwent pancreatectomy. Harinck et al'3 found hypoechoic lesions in 8 of 139 HRIs;
in the 2 of 8 who underwent resection, pathology revealed multifocal grade 2 pancreatic
intraepithelial neoplasia. Studies in dogs further indicate that hypoechoic foci, like CP
changes, are seen with ductal obstruction.3* Considering these findings, hypoechoic foci
may reflect PanIN-induced duct obstruction and should therefore be documented along with
standard CP changes during screening.
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In 2013 the CAPS consortium published guidelines for PDAC screening and described
rigorous criteria for high-risk groups.3 Within these criteria, individuals with BRCAZ,
PALBZ, and CDKNZA mutations or LS had to have an FDR with PDAC to be considered
high risk.2 Consensus on screening BRCAI carriers was not achieved, and screening ATM
carriers was not commented on.3 A Markov model simulating PDAC screening found that
life expectancy gains are achieved if relative risk of PDAC exceeded 2.4 (in men) or 2.7 (in
women).3% PDAC risk in BRCAI and BRCAZ carriers is 2 to 43637 and 4 to 6,37:38
respectively, compared with the general population. Data are limited for ATM carriers, with
1 study showing a nonsignificant PDAC risk of 4.39 Similarly, risk in PALBZ carriers is
unclear, perhaps because of low mutation prevalence.*0 For LS patients, studies have shown
up to an 11-fold elevated PDAC risk.#! Given the risk profile of these groups, many centers,
including our own, screen HRIs who do not meet the CAPS criteria (Table 7).4-13.15.17

In this study we classified HRIs as vHRIs who met the CAPS criteria and mHRIs who did
not. Twenty of 21 mHRIs were BRCA1/2, FALBZ, and ATM or LS patients with no FDRs
with PDAC. After adjusting for potential confounders and classic CP risk factors, there was
no difference in frequency of 3 or more CP changes on EUS between vHRIs and mHRIs and
both groups were more likely to exhibit this finding than control subjects. When examining
specific CP changes, VHRIs were more likely to have hyperechoic strands than mHRIs but
did not significantly differ in other CP changes. Given the relationship between CP changes
and PanlIN, these findings indicate potential benefit in broadening screening guidelines to
include mHRIs. Of note, the only patient in our cohort who developed PDAC was a BRCAZ
carrier who did not meet CAPS criteria.

Certain limitations merit further discussion. Our outcome of interest was CP changes on
EUS, and although this might indicate PanIN and PDAC risk, these changes are also more
common with age, male gender, smoking, and alcohol use.? To address these issues, we
compared EUS changes in HRIs with control subjects. When selecting control subjects, we
did not match based on CP risk factors. However, we did adjust for classic CP risk factors
and potential confounders. In our study, we abstracted data from EUS reports and did not re-
review EUS images. Therefore, there was a potential for interobserver variability, which is a
recognized limitation of EUS.#3 Furthermore, because our endoscopists were aware of high-
risk status, there was a potential for observer detection bias in reporting CP changes.
Detection bias may have also arisen from the relative lack of attention devoted to the
pancreas by our endoscopists in control subjects who were undergoing EUS for
nonpancreatobiliary indications. These limitations highlight the need for future verification
of our findings with carefully designed prospective trials that account for observer bias and
interobserver variability. In this study, our sample size did not allow for comparisons of EUS
findings between patients with specific mutations. Nonetheless, we provided EUS data on
perhaps the most diverse groups of HRIs that has been described to date and further
investigated the CAPS recommendations by comparing EUS findings among HRIs who did
or did not meet these criteria. Finally, follow-up for HRIs and control subjects after our
study period was not available, and future studies examining the long-term outcomes of
HRIs with and without CP changes are eagerly awaited.
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In conclusion, we found that HRIs were more likely to exhibit CP changes and hypoechoic
foci on EUS compared with control subjects. Given the potential relation of these findings to
PanIN, we recommend documentation of CP changes and hypoechoic foci during PDAC
screening. Individuals with these findings may represent a higher risk subset requiring closer
monitoring. In this study we also found no significant difference in nearly all CP changes
between HRIs who did or did not meet CAPS criteria. This supports a more inclusive
approach in selecting HRIs for screening. Future studies should aim to identify additional
biomarkers for risk stratification. Pancreatic juice DNA mutation concentration in humans**
and EUS imaging with targeted contrast microbubbles®® has promise in detecting PDAC.
The role for these modalities in the screening of HRIs must still be determined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BMI body mass index

CAPS Cancer of the Pancreas Screening
CP chronic pancreatitis

Cl confidence interval

FDR first-degree relative

FH family history

HRI high-risk individual

LS Lynch syndrome

mHRI moderately high-risk individual
OR odds ratio

PanIN pancreatic intraepithelial neoplasia
PDAC pancreatic ductal adenocarcinoma
PJS Peutz-Jeghers syndrome

VHRI very high-risk individual
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Figure 1.
Representative images of hypoechoic foci and lobularity taken from the pancreas body using

a GF-UE160-ALS5 radial array echoendoscope (Olympus America, Center Valley, Pa). A,
Hypoechoic foci (white asterisks), defined as echo-poor foci without enhancing rim; the
main pancreas duct (PD) is labeled. B, Area of lobularity (white arrows), defined as well-
circumscribed >5-mm structures with enhancing rim and relatively echo-poor center.
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TABLE 1.
Characteristics of HRIs (n = 65)

No. of cases  Percent of total

HRI with FH 25 38.46
HRI with mutation 40 61.54

BRCA1 6

BRCAZ 19

PALB2 3

ATM 3

CDKNZA 1

BRCA2+ATM 1*

Lynch syndrome 5

PJS 2
VHRIs 44 67.69
VHRIs with FH 24

2+ FDRs 12

1 FDR and 1+ non-FDR 12
VHRIs with mutation 20

BRCAZand 1+ FDR 127

PALBZand 1+ FDR 1

CDKNZ2A and 1+ FDR 1

Lynch syndrome and 1+ FDR 4

PJS 2
mHRIs 21 32.31
mHRIs with FH 1

0 FDR and 3+ non-FDRs 1
mHRIs with mutation 20

BRCA1 and 1+ non-FDR

BRCA1 with no FH

BRCAZand 1+ non-FDR

BRCAZ with no FH

PALBZ2with any/no FH

CDKNZA with any/no FH

Lynch syndrome with any/no FH

wWwlrRrlJlOolNM]IWlO | W] w

ATM with any/no FH

HRI, High-risk individual; FH, family history; vHR/, HRIs who meet the Cancer of the Pancreas Screening consortium criteria; mHR/, HRIs who
do not meet the Cancer of the Pancreas Screening consortium criteria; FDR, first-degree relative.

*
One VHRI had A7TMand BRCAZ mutations
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