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Evaluating Adults With Idiopathic Pancreatitis for
Genetic Predisposition

Higher Prevalence of Abnormal Results With Use of Complete Gene Sequencing
Darren D. Ballard, MD, Joyce R. Flueckiger, MSN, Evan L. Fogel, MD, Lee McHenry, MD,
Glen A. Lehman, MD, James L. Watkins, MD, Stuart Sherman, MD, and Gregory A. Coté, MD, MS
Objectives: In adults with unexplained pancreatitis, the yield of com-
plete gene versus select exosome sequencing on mutation detection and
distinguishing clinical characteristics associated with mutations requires
clarification. We sought to (1) compare frequency of mutations identified
using different techniques and (2) compare clinical characteristics between
adults with and without mutations.
Methods: This is a cohort study of adults with unexplained pancreatitis
who underwent genetic testing between January 2008 and December
2012. We compare probabilities of having a positive mutation with com-
plete gene sequencing versus alternatives and describe differences in char-
acteristics among patients with and without mutations.
Results: Of the 370 patients, 67 (18%) had a genetic mutation; 24 (6%)
were of high risk. Mutations were significantly more prevalent with use of
complete sequencing (42%) versus other approaches (8%, P < 0.0001).
Most (44/67, 66%) with a mutation had no family history. Those with
high-risk mutations were more likely to have a family history of chronic
pancreatitis (21% vs 4%, P = 0.002). Patients with pancreas divisum were
more likely to have mutations (27% vs 14%, P = 0.0007).
Conclusion: Among individuals with adult-onset pancreatic disease, the
probability of finding any mutation, including high risk, is significantly
higher using complete gene sequencing. The impact on patients and pro-
viders requires further investigation.
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P atients with adult-onset idiopathic chronic pancreatitis (CP)
and recurrent acute pancreatitis (RAP) increasingly undergo

testing to evaluate for a genetic predisposition. Genes of interest
include the cystic fibrosis transmembrane conductance regulator
(CFTR), the protease serine 1 (PRSS1), the serine protease inhib-
itor, Kazal type 1 (SPINK1), and chymotrypsin C (CTRC).1–18 In-
heritance patterns may be autosomal dominant (PRSS1), autosomal
recessive (CFTR, SPINK1), or complex (eg, heterozygous CFTR,
SPINK1, and CTRC); the latter includes gene-environment and
gene-gene (ie, compound heterozygosity) interactions.1,4

It is increasingly recognized that a genetic predisposition to
pancreatitis is not limited to a pediatric population, as some individ-
uals will develop symptoms during adulthood (age > 18 years).
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Among small series of adults with CP or RAP, pancreas divisum
has been associated with a higher prevalence of genetic muta-
tions.19–21 The clinical significance of a genetic mutation as the sole
risk factor or covariate with environmental factors (eg, alcohol and
smoking) requires clarification.22

Our objectives were 2-fold. First, although newer assays use
complete gene sequence analysis, their impact on detecting muta-
tions in an adult population as compared with other methods is
unclear. We compare the frequency of positive gene mutations
identified using different assays. Second, because genetic testing
is expensive and identifying a mutation (even one with unclear
clinical significance) may have unintended long-term implications
for patients (eg, insurability, anxiety), we sought to identify clini-
cal characteristics associated with positive genetic mutations. This
may inform physicians of at-risk groups whowould be most likely
to have a mutation.
METHODS

Study Design and Patient Selection
We conducted a retrospective cohort study of all symp-

tomatic adults who underwent pancreas-specific genetic testing
between January 2008 and December 2012. Patients were identi-
fied from our pancreatobiliary clinical practice at Indiana Univer-
sity Health University Hospital, a tertiary referral center for CP
and other pancreatic disorders. We used an institutional review
board–approved clinical database that contains prospectively en-
tered clinical data. We excluded patients younger than 18 years
at the time of genetic testing. The study received approval from
our local institutional review board before the collection of data,
and none of the authors declare any conflict of interests.

The indications for genetic testing included idiopathic RAP,
idiopathic CP, or symptoms consistent with CP (eg, steatorrhea
responding to oral pancreatic enzymes, abdominal pain consistent
with CP). Medical records were abstracted for patient demo-
graphics, the presence of pancreatitis-related symptoms including
abdominal pain (not associated with an episode of acute pancrea-
titis), exocrine insufficiency, endocrine insufficiency, and age of
symptom onset.When available, we recorded specific morphologic
abnormalities identified by imaging (ie, computed tomogra-
phy [CT], magnetic resonance imaging [MRI], endoscopic ultra-
sound [EUS], and endoscopic retrograde cholangiopancreatography
[ERCP]): pancreas divisum, pancreatic calcifications, and main
pancreatic duct stricture/dilated main pancreatic duct, among
others. We recorded family history of acute pancreatitis, RAP,
CP, and pancreatic cancer.

Definitions
Acute pancreatitis was defined as acute abdominal pain asso-

ciated with increased serum pancreatic enzyme levels (amylase
and/or lipase) greater than 3 times the upper limit of normal value
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or imaging changes consistent with acute pancreatitis23; docu-
mentation of such findings was required in the medical records.
The RAP was defined as 2 or more discrete episodes of docu-
mented acute pancreatitis.24 Patients were diagnosed with CP
based on standard radiographic criteria, including the presence
of pancreatic calcifications on CT, EUS, or ERCP; pancreatic duc-
tal abnormalities on pancreatography obtained by magnetic reso-
nance cholangiopancreatography (MRCP) or ERCP (using the
Cambridge classification); 5 or more endosonographic criteria
on EUS; marked pancreatic atrophy on CT or MRCP; and exo-
crine insufficiency based on a history of steatorrhea.25–28 A diag-
nosis of pancreas divisum required confirmation via ERCP
or MRCP.29–31

Genetic Testing
The decision to perform genetic testing was always at the

discretion of the treating physician. During the study period, we
used several third-party assays for genetic testing (Table 1). Since
2011, we have used complete gene sequence analysis (Ambry Ge-
netics) for all of our patients. Before 2011, several other entities
were used: CFTR testing by other entities (Genzyme and Quest
Diagnostics) used enzymatic amplification of known mutations
(97 and 32, respectively); PRSS1 testing by other entities (Mayo
Clinic and University of PittsburghMedical Center) used gene se-
quence analysis for a smaller portion of the gene where mutations
were known to impact pancreatitis risk (Table 1). For descriptive
purposes in this study, “complete gene sequencing” refers to as-
says conducted by Ambry Genetics.

We defined a positive genetic test as a mutation detected for
any of the 4 genes tested. We also present the frequency of high-
risk mutations,32–34 which we defined as (1) a single copy muta-
tion of PRSS1; (2) homozygous mutations of CFTR, SPINK1,
or CTRC; or (3) compound heterozygous mutations of CFTR,
SPINK1, and/or CTRC.

Analysis Plan
The cohort was dichotomized by the presence of any genetic

mutation. Given the clinical significance of individuals having
mutations known to have high risk for leading to pancreatic dis-
ease, we also present the characteristics of this subgroup. We used
descriptive statistics (mean [SD], proportion with 95% confi-
dence intervals) to present patient and phenotypic characteristics.
To examine differences between study populations (those with
TABLE 1. Summary of Modalities for Genetic Testing Used During

Genetic Test CFTR PR

Ambry Genetics
(Aliso Viejo, CA)

DNA sequencing of
5’ UTR, 27 exons,
all introns, polyT status,
and TG repeats

DNA sequ
5’ UTR
and all

Genzyme Corporation
(Cambridge, MA)

Enzymatic amplification of
DNA for 97 mutations

Quest Diagnostics
(Madison, NJ)

Enzymatic amplification of
DNA for 32 mutations

Mayo Clinic
(Rochester, MN)

DNA sequ
exons 2

University of Pittsburgh
Medical Center
(Pittsburgh, PA)

DNA sequ
exons 2

5’ UTR, 5’ untranslated region.
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any genetic mutation vs all others and those with a high-risk mu-
tation vs all others), we used comparative statistics (Student t test
or Fisher exact test) where appropriate.

RESULTS

Prevalence of Pancreas-Specific Genetic Mutations
During the 5-year study period, we identified 370 symptom-

atic adults who underwent genetic testing through the adult
pancreatobiliary practice at Indiana University. Of these, 67
(18.1%) had a genetic mutation, 24 (6.5%) of which were of high
risk (Fig. 1). A per-patient summary of mutations is available
(Supplementary Table, http://links.lww.com/MPA/A330). Among
patients who underwent testing for CFTR (n = 359), 109 (30.4%)
were via complete gene sequencing (Ambry), 249 (69.4%) were
via enzymatic amplification for 97 mutations (Genzyme), and 1
(0.3%) was via enzymatic amplification for 32 mutations (Quest).
For PRSS1 mutations (n = 267), 106 (39.7%) were via complete
gene sequencing (Ambry), and 161 (60.3%) were via DNA se-
quencing of exons 2 and 3 (Mayo Clinic and University of Pitts-
burgh). All SPINK1 (n = 107) and CTRC (n = 94) assays were
performed using complete gene sequencing (Ambry).

The probability of detecting any mutation and a high-risk
mutation significantly increased when complete gene sequencing
was performed (Table 2). Patients tested by complete gene se-
quencing had a mutation detected in 42.2% of cases as compared
with 8.1% when using any other method (P < 0.0001). Similarly,
patients having a high-risk mutation were identified in 18.3% of
cases using complete gene sequencing versus 1.5% when using
other modalities (P< 0.001). These differences remained signifi-
cant for the subgroup of individuals tested for PRSS1 or CFTR
mutations.

Clinical History
Most patients (354/370, 96%) werewhite. Therewere no sig-

nificant differences in patient characteristics of those with and
without genetic mutations (Table 3). Age of presentation was
younger for individuals with high-risk mutations (32.3 [15.4],
P = 0.05 vs all others), although those having no mutations also
presented with a mean age of less than 40 years (39.5 [16.1]). Pa-
tients with high-risk mutations were more likely to report a family
history of CP (20.8%, P = 0.002 vs all others), but there was no
significant difference between those having any mutation (7.6%)
the Study Period

SS1 SPINK1 CTRC

encing of
, exons 1–5,
introns

DNA sequencing of
5’ UTR, exons 1–4,
and all introns

DNA sequencing of
5’ UTR, exons 1–8,
and all introns

encing of
and 3
encing of
and 3
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FIGURE 1. Schema: adult individuals who underwent genetic testing for pancreas-specific mutations. *Defined as a heterozygous mutation of
CFTR, CTRC, or SPINK1.
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and no mutation (3.7%, P = 0.18). There was a greater likelihood
of having a family history of acute pancreatitis among high-risk
individuals, but this did not reach statistical significance (P =
0.17). The prevalence of a family history of pancreatic cancer
was similar in all groups. Importantly, 44 of the 67 patients
(65.7%) with a mutation had no family history of acute pancreati-
tis, CP, or pancreatic cancer. Among those with high-risk muta-
tions (n = 24), 14 (58.3%) had no family history.

Presenting symptoms (abdominal pain, steatorrhea, diabetes,
and weight loss) were similar between patients having nomutation
and any mutation, including those with a high-risk mutation
(Table 4). Patients with any mutation (67.2%) were more likely to
present with RAP compared with those without a mutation
(47.5%, P = 0.004). There was no significant difference in the rate
of CP when comparing patients with no genetic mutation with any
genetic mutations (P = 0.12) or a high-riskmutation (P = 0.13). The
prevalence of moderate/severe CP and having a history of a single
episode of acute pancreatitis were similar among all populations.

Phenotypic Characteristics
Despite similarities in age of symptom onset, age of presen-

tation, and clinical history, therewere important phenotypic differ-
ences between those with and without a pancreas-specific genetic
TABLE 2. Probability of an Abnormal Genetic Test

Gene Mutation

Proportio

Complete Gene Sequencing (N = 109),

Any mutation 46 (42.2)
High-risk mutation 20 (18.3)
PRSS1 (N = 266)† 8 (7.5)
SPINK1 (N = 107)† 15 (14.0)
CFTR (N = 359)† 29 (26.6)
CTRC (N = 94)† 7 (7.5)

*Fisher exact test.
†No patients were found to have a homozygous mutation.
‡All patients who underwent testing for SPINK1 and CTRC mutations used
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mutation (Table 5). In the entire cohort, there were 59 patients
(15.9%) with pancreas divisum, of whom 48 (81.4%) were diag-
nosed by ERCP and 11 (18.6%) by MRCP. Patients without
a mutation were less likely to have pancreas divisum (13.6%)
compared with 26.9% of those with any mutation (P = 0.01)
and 33.3% of those with a high-risk mutation (P = 0.04). This
remained significant when the analysis was limited to the sub-
group (n = 279) that underwent ERCP. Pancreatic calcifications
and main duct strictures were more frequently diagnosed among
patients with genetic mutations, particularly those classified as
high risk.

DISCUSSION

Genetic Mutations Among Adults With
Unexplained Pancreatic Disease

Consistent with previous studies, the prevalence of genetic
mutations in a cohort of adult individuals with pancreatic disease
undergoing genetic testing is substantial (18.1%),1–3,5,6,8–11,13–18

although high-risk mutations are identified less frequently (6.5%).
Importantly, use of a test that sequences the entire gene(s) of in-
terest identified significantly (greater than 5-fold) more
mutations, including those classified as high risk (greater than
n With Mutation

n (%) Other Tests (N = 261), n (%) P*

21 (8.1) <0.001
4 (1.5) <0.001
3 (1.9) 0.029
N/A‡

20 (8.0) <0.0001
N/A‡

complete gene sequencing.
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TABLE 3. Patient Characteristics

Variable
No Mutation
(N = 303)

Any Mutation
(N = 67)

High-Risk Mutation*

(N = 24)
P (No vs Any
Mutation)

P (High-Risk Mutation
vs All Others)

Age of symptom onset,
mean (SD)

39.5 (16.1) 35.5 (17.5) 32.3 (15.4) 0.08 0.05

Age of presentation,
mean (SD)

44.5 (15.5) 43.0 (16.8) 42.5 (13.9) 0.48 0.57

Male sex, n (%) 102 (33.7) 25 (37.3) 8 (33.3) 0.57 1.0
BMI, mean (SD) 27.8 (6.7) 26.8 (6.9) 27.1 (6.1) 0.30 0.69
Smoking status, n (%) 0.91 0.10
Current 93 (31.5) 22 (33.9) 12 (52.2)
Former 55 (18.6) 11 (16.9) 2 (8.7)
Never 147 (49.8) 32 (49.2) 9 (39.1)

Alcohol use, n (%) 0.23 0.18
Current 61 (20.6) 10 (15.4) 5 (21.7)
Former 91 (30.7) 27 (41.5) 11 (47.8)
Never 144 (48.7) 28 (43.1) 7 (30.4)

Family History, n (%)

Acute pancreatitis 51 (17.2) 16 (24.2) 7 (29.2) 0.22 0.17
CP 11 (3.7) 5 (7.6) 5 (20.8) 0.18 0.002
Pancreatic cancer 28 (9.4) 7 (10.6) 3 (12.5) 0.82 0.72

*Defined as any PRSS1 mutation, compound heterozygote mutation, or homozygous mutation for SPINK1, CFTR, or CTRC gene.

BMI indicates body mass index.
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12-fold). Previous studies using genetic sequencing of either the
entire gene or a large percentage of it have also shown high
rates of finding genetic mutations with 45% to 49% of rate of
mutations found in the CFTR, PRSS1, and SPINK1 genes in
similar patient populations.1,5,35 Alternative analytics for muta-
tions such as high-resolution DNA melting may provide rapid
and accurate diagnostics at a lower cost.36 Other genetic testing
modalities used in our cohort either sequenced a smaller portion
of the gene or used other techniques such as enzymatic ampli-
fication of predefined mutations. The rate of detected mutations
in our cohort likely would have been higher if all individuals
had undergone gene sequence analysis of all 4 genes. The
clinical significance and impact of identifying many of these
mutations will require further clarification, and not all mutations
identified to date have been associated with the development
of pancreatic disease. Specifically, counseling of patients and
relatives, screening for pancreatic cancer, and impact of potential
TABLE 4. Clinical Presentation

Variable
No Mutation
(N = 303)

Any Mutation
(N = 67)

Acute pancreatitis 210 (69.3) 53 (79.1)
RAP 144 (47.5) 45 (67.2)
CP 184 (60.9) 48 (71.6)
Moderate/severe CP 93 (30.7) 27 (40.9)

Symptoms
Abdominal pain 261 (86.1) 58 (86.6)
Steatorrhea 82 (27.1) 14 (20.9)
Diabetes 68 (22.4) 10 (14.9)
Weight loss 131 (43.2) 29 (43.3)

Values are n (%) for all variables. Fisher exact test was used for all compari
*Defined as any PRSS1 mutation, compound heterozygote mutation, or hom
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therapies (both endoscopic and surgical) in patients with genetic
mutations and pancreatic disease such as CP will require further
investigation. Furthermore, the pathogenic significance of some
mutations (eg, c.592–24C > T) is unknown; future studies may
impact the classification of high-risk and unknown-risk muta-
tions presented in this article.

Clinical Factors do not Distinguish Adults With
Pancreas-Specific Genetic Mutations

Age of symptom onset, age of clinical presentation, and
presenting symptoms were not associated with having a genetic
mutation; those having a high-risk mutation developed overt
symptoms in their early 30s (mean age, 32 years), whereas those
with no mutation were in their late 30s (mean age, 39 years). Be-
cause we limited our analysis to individuals who underwent ge-
netic testing, our study is susceptible to a selection bias so this
High-Risk Mutation*

(N = 24)
P (No vs Any
Mutation)

P (High risk
vs All Others)

20 (83.3) 0.14 0.24
17 (70.8) 0.004 0.06
19 (79.2) 0.12 0.125
10 (41.7) 0.11 0.22

20 (83.3) 1.0 0.76
5 (20.8) 0.36 0.64
4 (16.7) 0.19 0.80
12 (50.0) 1.0 0.53

sons.

ozygous mutation for SPINK1, CFTR, or CTRC gene.
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TABLE 5. Phenotypic Characteristics

Variable
No Mutation
(N = 303)

Any Mutation
(N = 67)

High-Risk Mutation*

(N = 24)
P (No vs Any
Mutation)

P (High Risk
vs All Others)

Pancreas divisum 41 (13.6) 18 (26.9) 8 (33.3) 0.01 0.04
Confirmed by
ERCP (N = 279)*

32 (14.2) 14 (26.4) 6 (35.3) 0.04 0.04

Pancreatic calcifications 41 (18.1) 14 (26.4) 7 (41.2) 0.18 0.05
Pancreatic duct stricture 46 (20.4) 16 (30.2) 8 (47.1) 0.14 0.029

Values are n (%) for all variables. Fisher exact test was used for all comparisons.
*279 of the 370 patients underwent ERCP as part of their diagnostic and treatment plan. These proportions represent the subgroup that underwent ERCP.
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observation should be interpreted with caution: the treating physi-
cian suspected a genetic abnormality based on family history, age,
and/or idiopathic nature of their illness. Nevertheless, these demo-
graphic and clinical factors were similar among those with and
without mutations. Furthermore, the absence of a family history
in more than half of individuals with a mutation (including those
deemed high risk) highlights their variable penetrance: autosomal
dominant (minority), autosomal recessive (1 parent with 2mutations
or 2 parents each with a single mutation), and complex genetic-
environment interactions. Our cohort represents a “real-world”
adult population that would be considered for genetic testing.

Family History is Not a Prerequisite for
Pancreas-Specific Genetic Mutations

Previous studies have shown that 4% of patients with familial
(nonautosomal dominant) CP have a mutation in the CTRC
gene,14 and up to 86% have a mutation in the SPINK1 gene.12

Whereas patients with high-risk mutations in our cohort were
more likely to have a family history of CP (20.8%), most individ-
uals with high-risk or any mutations had no known family history
of CP; therefore, the absence of a family history should not dis-
suade the physician from pursuing a genetic evaluation.

Previous reports have shown that patients with RAP have an
increased rate of mutations in the CFTR gene, ranging from 12%
to 32%,1,15,16 as well as an increased rate of compound heterozy-
gosity.1 Numerous studies using a variety of methods for genetic
testing have reported more mutations in patients with CP, in-
cluding CFTR (18%–44%),1,4–7,17 PRSS1 (2%),1 SPINK1
(5%–23%),1,5,6,10–12,18,37,38 and CTRC (3%–12%).13,14 In our co-
hort, 67% of patients with a mutation had RAP (71% of high-risk
patients). We also found that patients with a high-risk genetic
mutation had 79% of probability of having CP. Thus, our findings
are in agreement with previous studies that the presence of RAP
or CP as opposed to a single attack of acute pancreatitis alone
increases the chances of having a positive genetic test.

Pancreas Divisum is More Prevalent Among
Patients With Genetic Abnormalities

Consistent with previous studies, we found a higher inci-
dence of mutations among individuals with pancreas divisum.
Previous studies reported high rates of CFTR (47%–70%), PRSS1
(16%), and SPINK1 (16%)mutations among patients with CP and
pancreas divisum.19–21 Therefore, pancreas divisum is an impor-
tant phenotypic clue that a patient is at risk for a genetic mutation
(although most patients with divisum were still negative for a
mutation). Previous studies evaluating the effectiveness of minor
papilla endotherapy in the setting of both RAP and pancreas
divisum suggest that therapy is more beneficial in patients who
have not yet developed CP.39,40 Genetic testing was not evaluated
© 2014 Lippincott Williams & Wilkins
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in these studies, and future work evaluating RAP and pancreas
divisum should consider whether the presence of a genetic muta-
tion correlates with response to minor papilla endotherapy.

Summary
Our study is limited by its retrospective design and potential

for detection or recall bias, particularly when looking at issues
such as family history. In addition, our study population included
individuals with pancreatic disease who underwent genetic test-
ing; therefore, the treating physician suspected a genetic abnor-
mality in all cases, and so, our results do not represent the
prevalence of mutations in a general population of adults with
pancreatic disease. Nevertheless, our observations are important
because the sampling frame represents a “real-world” cohort of
adults who are likely to undergo genetic testing. A history of
RAP, CP, and pancreas divisum increases the likelihood of a
high-risk mutation, whereas the absence of a family history of
RAP or CP does not rule out its possibility. Finally, the prevalence
of both high-risk and any pancreas-specific mutation significantly
increased with the use of complete gene sequence analysis. The
clinical implications of this increase require further investigation.

In conclusion, patient characteristics that are associated with
a pancreas-specific genetic mutation include a personal history of
RAP, CP, family history of CP, and the presence of pancreas
divisum. However, most adults with a positive test had no signif-
icant family history. We have also shown that complete gene se-
quence analysis increases the probability of all and high-risk
genetic mutations, keeping in mind that not all mutations have
been characterized for their clinical significance or association
with pancreatitis. The potential clinical implications of identifying
a genetic mutation are several: response to medical, surgical, or
endoscopic therapy may differ in this population, and physicians
should push more aggressively for lifestyle modifications includ-
ing smoking and alcohol cessation. Future prospective studies
should evaluate differences in outcomes of individuals with pan-
creatic disease and genetic mutations, and specific medical thera-
pies that compensate for genetic abnormalities are awaited.
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