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Abstract

Objectives: Recurrent pancreatitis is considered a rare manifestation of cystic fibrosis
transmembrane conductance regulator (CFTR) dysfunction; this case series highlights that
pancreatitis can be a presenting symptoms of cystic fibrosis (CF) or a CFTR-related disorder
(CFTR-RD).

Methods: Retrospective review of patients younger than 30 years diagnosed as having acute
recurrent pancreatitis (ARP) or chronic pancreatitis (CP) and subsequently diagnosed as having
CF or CFTR-RD.

Results: Among 18 patients, median time from diagnosis of ARP/CP to diagnosis of CF was 0.4
years (range, 0-33 years). Eight were classified as having CF by elevated sweat chloride testing
(SCT). Five had intermediate SCT (30-59 mmol/L) with 2 pathogenic mutations. Five had CFTR-
RD with intermediate SCTand 0 to 1 pathogenic mutations. Eight patients (44%) had exocrine
pancreatic insufficiency, and pancreatic fluid collections were more common in this group. Based
on the CFTR mutation, 6 patients were eligible for CFTR potentiator therapy, although none
received it during the study period. Nine of the 18 had =1 other likely CF manifestations,
including sinusitis (33%), nasal polyps (11%), pneumonia (22%), and gallbladder disease (22%).

Conclusions: Cystic fibrosis or CFTR-RD can present as ARP/CP. Complete diagnostic testing
for CFTR-RD in patients with ARP/CP will broaden treatment options and help to identify
comorbid illness.
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Cystic fibrosis (CF) is increasingly recognized as a heterogeneous disease with significant
variability in organ-specific manifestations between patients. A diagnosis of CF can be
delayed in patients who lack classic symptoms such as pancreatic insufficiency,
malnutrition, or respiratory disease. Advances in genetic sequencing technology of the CF
transmembrane receptor (CFTR) and increased availability of CFTR functional testing have
also led to the expanded diagnosis category of CFTR-related disorders (CFTR-RD).! Cystic
fibrosis transmembrane receptor— related disorders are associated with CFTR dysfunction
that does not fulfill diagnostic criteria for CF.2 As treatment options have improved,
diagnosis of CF or CFTR-RD has become increasingly key to achieving optimal clinical
outcomes.

Acute recurrent pancreatitis (ARP) and chronic pancreatitis (CP) are described as relatively
rare manifestations of CF. They have been associated with minimal or mild respiratory
disease and pancreatic sufficiency.3 However, particularly in children and young adults,
CFTR-RD may be a relatively common contributor to ARP and CP. In the largest pediatric
ARP/CP cohort, CFTR mutations were recently reported in 34% and 23% of ARP and CP
patients, respectively.?

Establishing CFTR dysfunction as a cause of or contributor to ARP and CP is critical to
adequately caring for these patients and understanding the systemic scope of their disease,
and potentially for increasing their access to treatments.

This case series describes 18 patients who first presented with ARP or CP and were
subsequently diagnosed as having CF or CFTR-RD. Our main objectives for this case series
are to highlight CF and CFTR-RD as causes for ARP/CP and to illustrate the phenotypic
spectrum of CFTR dysfunction in these patients.

MATERIALS AND METHODS

Definitions

Research study staff (M.Z. and C.B.) reviewed retrospective medical records of children and
young adults followed for ARP or CP at 2 tertiary care institutions and identified those who
were diagnosed between 2007 and 2017 with ARP/CP who were subsequently diagnosed as
having CF or CFTR-RD by sweat test and/ or genetic testing. Patients included were
diagnosed as having ARP or CP at less than 30 years of age. Clinical symptoms, imaging,
histology, and treatments were extracted from medical records. The Committees for Human
Research at the University of California San Francisco (no. 17-21962; approval date: April
20, 2017) and University of Texas Southwestern (no. STU 052017-048; approval date: May
19, 2017) approved this study.

Pancreatitis and Pancreatic Function—Acute recurrent pancreatitis and CP were
defined using the /Mernational Study Group of Aediatric Pancreatitis: /n Search for a CURE
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(INSPPIRE) guidelines.® The diagnosis of ARP required at least 2 distinct episodes meeting
2 of 3 criteria: (1) abdominal pain compatible with AP, (2) serum amylase and/or lipase
activity at least 3 times greater than the upper limit of normal, and (3) imaging findings
characteristic of AP. Chronic pancreatitis required imaging findings of chronic pancreatic
damage and at least one of the following: (1) abdominal pain compatible with AP, (2)
exocrine pancreatic insufficiency (EPI), and (3) endocrine pancreatic insufficiency. Features
of chronicity were defined by using the diagnostic criteria provided by the 2014 American
Pancreatic Association.® The EPI was defined as the presence of abnormal fecal elastase
(<100 pg/g from stool). Endocrine pancreatic dysfunction was defined by random glucose
>200 mg/dL and/or if hemoglobin Alc was >6.5%. For patients who underwent oral glucose
tolerance testing (n = 6), results were defined by the CF Foundation guidelines: normal
glucose tolerance is fasting glucose <100 mg/dL and 2-hour <140 mg/dL; impaired glucose
tolerance is fasting glucose 100 to 125 mg/dL and/or 2-hour glucose 140-199 mg/dL.
Insulin-dependent diabetes was defined by abnormal hemoglobin Alc or glucose tolerance
testing and requirement of insulin for glucose control.

Diagnosis of CF and CFTR-RD—Using 2017 guidelines from the CF Foundation, a
diagnosis of CF was based on a positive sweat chloride test (SCT; =60 mmol/L) with clinical
manifestations such as pancreatitis or chronic sinusitis,! or clinical manifestations, an
indeterminate SCT (30-59 mmol/L), and 2 CF-causing mutations. A diagnosis of CFTR-RD
was applied to individuals who had a monosymptomatic clinical entity of CFTR
dysfunction, that is, pancreatitis, but with intermediate SCT (30-59 mmol/L) and fewer than
2 pathogenic CFTR mutations in trans.!

Genetic Testing—~Patients underwent comprehensive genetic testing for CF7TR, along
with additional 4 gene testing for hereditary pancreatitis including CTRC, PRSS1, and
SPINKI. Depending on availability of testing at the time of diagnosis, if less than 2
pathogenic mutations for CFTR in the presence of abnormal sweat testing, additional testing
with CFTR gene deletion/duplication analysis (165 variant panel including intronic variants)
was performed. Mutations were interpreted with the assistance of CFTR2 database.’

Anthropometric Data—Patients’ body mass index (BMI) percentiles were calculated for
seX, age, height, and weight at the time of ARP or CP diagnosis and Centers for Disease
Control and Prevention standard growth charts.8 For our pediatric patients, nutritional
categories were based on BMI percentile: nutritional failure (<10th), at risk (10th-25th),
acceptable (25th—49th), optimal (>50th).%10 Our adult patients’ nutritional status was
defined as underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-24.9 kg/m?), over-
weight (BMI 25-29.9 kg/m?), or obese (BMI >30.0 kg/m?) 8

Lung Function—Lung function was evaluated at the time of CF diagnosis by clinical
history of pulmonary disease and evaluation of pulmonary function testing, including
percent of forced expiratory volume in 1 second (FEV1) and forced vital capacity.
Appropriate lung function was defined as FEV1% predicted greater than 80%.

Abnormal Imaging Findings—We reviewed reports of chest imaging (computed
tomography or chest x-ray). Abnormal findings included bronchial wall thickening,
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bronchiectasis, atelectasis, pulmonary nodules, or findings consistent with pneumonitis or
emphysema.

Pancreatic fluid collections (PFCs) were classified based on duration and presence of
necrosis. Acute peri-PFCs were defined as pancreatic or peripancreatic fluid seen within 4
weeks of pancreatitis onset without signs of necrosis.1! Pancreatic pseudocysts were
classified as clearly defined, walled-off fluid collections, without signs of necrosis, typically
after 4 weeks of onset. If necrosis was noted on imaging after 4 weeks of PFC development,
fluid collections were described as walled-off necrosis, which requires presence of necrosis
after 4 weeks of onset with signs of a walled-off collection.1!

Demographics and Presentation With Pancreatitis

We identified 18 patients who presented with ARP/CP and were subsequently diagnosed as
having CF or a CFTR-RD. Eight patients qualified as CF based on elevated SCT (>60
mmol/L), and 5 patients qualified as CF based on an intermediate SCTwith 2 disease-
causing mutations. Five were classified as having a CFTR-related disorder. Fifteen were
diagnosed as children (8-17 years) and 3 as young adults (21-27 years; Table 1). The
median age at ARP/CP diagnosis was 15.0 years. Among the 15 diagnosed as children, only
2 (13%) had low BMI percentiles (9th and 13th). Both of these patients had intermediate
sweat tests and 2 disease-causing mutations. The 3 adult patients were all overweight or
obese at ARP/CP diagnosis (Table 1).

Diagnosis of CF and CFTR-RD

As stated, 8 (44%) patients qualified as CF based on elevated SCT (>60 mmol/L) and 5
(28%) patients based on an intermediate SCT with 2 disease-causing mutations. The
remaining 5 (28%) were classified as having a CFTR-RD. The 2 patients without SCT each
had 2 pathogenic CFTR mutations. The median time from diagnosis of ARP/CP to diagnosis
of CF was 0.4 years (range, 0-33 years). Newborn screens for CF were not available for any
of the patients.

Six (33%) patients in our cohort had CFTR mutations eligible for treatment with CFTR
modulator therapy, specifically ivacaftor (Table 1). No patients were treated with a CFTR
modulator during the study period.

Pancreatic Function at Diagnosis

Eight (44%) of our patients had EPI at ARP/CP diagnosis. Five (28%) of these also had
impaired glucose tolerance. Of the 3 (17%) insulin-dependent patients, 2 were diagnosed as
having type 2 diabetics before detection of CFTR dysfunction and one was insulin
dependent after total pancreatectomy with islet autotransplantation (TPIAT). The 2 patients
who were diagnosed as having adult-onset type 2 diabetes mellitus were also diagnosed as
having recurrent pancreatitis as adults, at age 26 and 27 years, respectively. They also both
had a BMI >30 kg/m? at the time of ARP/CP diagnosis.

Pancreas. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Baldwin et al.

Page 5

Several patients were discordant with regards to pancreatic endocrine and exocrine function.
Of the 11 with normal endocrine function at ARP/CP diagnosis, 3 (27%) had exocrine
insufficiency. Conversely, 3 (30%) of 10 patients with normal exocrine function had
abnormal endocrine function.

Of the 8 exocrine-insufficient patients, 4 (50%) had a pathogenic CFTR mutation; of the 10
exocrine sufficient patients, 3 (30%) had a severe CF7R mutation (Table 1). Two patients
also had SP/NK1 mutations; both had EPI at ARP/CP diagnosis.

Treatment and Course of Pancreatitis

Documented episodes of pancreatitis per patient during the follow-up period ranged from 1
to >10. Pancreatic fluid collections were particularly common among patients with
pancreatic insufficiency at diagnosis (63%; n = 5), as compared with those who were
pancreatic sufficient (10%; n = 1). Thirteen (72%) patients underwent endoscopic retrograde
cholangiopancreatography (ERCP) for diagnostic or therapeutic purposes. Of these, 31%
(4/13) had PFCs and 77% (10/13) had imaging features of chronicity.

The therapeutic options available to our patients included endoscopic and surgical
interventions, including ERCP and TPIAT. Two of the patients underwent TPIAT. The other
patient, who also underwent identical genetic testing, was found to have one pathogenic and
the most common CFTR mutation, ¢.1521 1523del, and another CFTR mutation that, when
combined with another pathogenic mutation, can cause CF.” This patient did have a complex
course with features of chronicity on imaging as well as pancreatic pseudocyst, exocrine
insufficiency, and elevated glucoses.

Other CF Manifestations

There was a low prevalence of significant lung impairment, with only 4 patients having
FEV1% less than 80% predicted. The values of SCT for these patients ranged from 38 to 104
mmol/L; their genetic testing was also quite variable. Of the 4 patients with FEV% <80,
only one had history of pneumonia. This patient had the highest SCT of the 4, at 104
mmol/L, but had only 1 severe (class I) mutation detected (Table 1). Nine of the 18 patients
had at least one other organ system with disease suggestive of CF, including sinusitis (33%),
nasal polyps (11%), history of pneumonia (22%), and gallbladder disease (22%).

DISCUSSION

This is one of the largest reported series of patients who presented with acute recurrent or
CP and were subsequently diagnosed as having CF or CFTR-RD. It highlights the
challenges of diagnosis and treatment in these patients (Table 2). This diverse group of
patients varied in respect to age of diagnosis, nutritional status, CFTR genotype, and
pancreatic function. However, at least 50% of our patients had at least one other symptom or
finding supportive of CFTR dysfunction.

Previous case reports2-26 have described similar patient presentations consisting of single
patients or smaller groups of patients with recurrent pancreatitis and detected CF7R
mutations (Table 2). To date, the most comprehensive data on risk factors associated with
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pediatric recurrent or CP come from the INSPPIRE consortium data. In that cohort of
children 18 years or younger at ARP/CP diagnosis, 34% of the 155 ARP patients and 23%
of the 146 with CP were positive for at least one CFTR mutation. Mutations in CFTR were
most common among patients with ARP. In addition, 6 (33.9%) of the 155 ARP patients and
2 (1.4%) of the 146 CP patients were diagnosed as having CF as determined by having 2
disease-causing mutations and/or abnormal SCT.# This demonstrates the importance of
CFTR functional testing and genetic analysis in pediatric patients with recurrent pancreatitis
or a severe episode of pancreatitis particularly if they have endocrine or exocrine
dysfunction, chronic changes on imaging, or a PFC.

The original paradigm of CF as a disease of chronic respiratory failure and malnutrition is
evolving as we discover the spectrum of CFTR dysfunction and its manifestations. In our
cohort, most of our patients had normal BMI or BMI percentiles for age. Furthermore, most
of our patients, despite having significant pancreatic disease, had mild respiratory disease.
However, a few patients did have unexpectedly significant pulmonary disease. Evaluation for
sinopulmonary disease should be done at least at baseline in patients with pancreatitis and
CFTR dysfunction, with pulmonary function testing and chest imaging. Chest imaging can
detect early pulmonary disease in patients who may not have any clinical symptoms or have
normal pulmonary function testings.2’

Early case reports, even before identification of the CFTR gene, described the relationship
between a delayed diagnosis of CF and recurrent attacks of pancreatitis, concluding that CF
patients who develop pancreatitis are typically diagnosed later in life and do not present with
pancreatic insufficiency,28 a contributing feature of CF diagnosis. However, our series and
smaller ones previously published suggest that there is an underdiagnosed population of
patients with a spectrum of CFTR dysfunction. These patients may not present with classical
symptoms of CF; thus, there may be low clinical suspicion for CF evaluation.

Characterization of CFTR mutations and their translational effects have advanced our
understanding of and ability to treat CF, but our ability to predict disease phenotype from
genetics remains limited because of multiple factors, including other genetic modifiers and
environmental factors.2® In our patient population, we detected several notable patterns. Our
patients, who all had recurrent pancreatitis, were overall well nourished and had adequate
lung function. In addition, patients who had findings of chronic damage on pancreatic
imaging were more likely to already have been EPI at the time of discovery of CP. Patients
who were older at the time of diagnosis of CP tended to develop insulin dependence. Several
patients in our series were diagnosed as having chronic pancreatic structural changes on
imaging and exocrine insufficiency even at first presentation of pancreatitis. Patients with
less severe CFTR dysfunction and a milder CF phenotype are associated with pancreatitis as
well EPI. In this series, patients with EPI had greater than 10 episodes of pancreatitis
reported before testing, chronic features of pancreatitis, or PFCs near the time of fecal
elastase testing. This emphasizes the importance of functional screening even in early on
after diagnosis of CP.3 In addition, patients who meet the criteria for CF or a CFTR-RD but
who have normal exocrine and endocrine pancreatic function at the time of diagnosis should
be monitored for loss of pancreatic function due to continued pancreatic inflammation and
damage over time.
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In regard to initial screening for CF in infancy, the patients in this series were not identified,
despite widespread newborn screening for CF.1 Given the expanding options for preventative
therapy and treatment in CF, testing guided by clinical suspicion remains critical for
diagnosis. In states that perform both blood testing for elevated immunoreactive trypsinogen
and genetic screening, the mutations screened for are limited to the most common.30

Six of 18 patients had a CFTR genotype predicted to be responsive to CFTR modulators
based on available genetic testing information. During the duration of the study period, no
patients were started on modulatory therapy. Genetic sequencing and expanded
characterization of CFTR mutations give providers the opportunity to use gene-specific
therapy and preserve respiratory and pancreatic function, with CFTR modulators, such as
ivacaftor. Modulator efficacy has been studied in CF patients with pancreatitis and showed
not only improvement in FEV% but also decreased episodes of pancreatitis and elevation in
fecal elastase.3132 Providers should take caution when considering modulator use, as there
is a theoretical risk that, by improving exocrine secretion by means of a modulator, enzyme
activity would also be increased in the duct and worsen pancreatitis. These agents have also
been suggested to be effective in other scenarios such as reversing the negative effects of
cigarette and ethanol within the pancreas.33:34

If CFTR dysfunction is detected early through genetic testing, revealing mutations eligible
for modulator therapy, then there may be greater potential for preservation of pancreatic
function in ARP and CP patients, a population with currently extremely limited therapeutic
options.

This study was limited by its retrospective nature, limiting available data. Another limitation
was the varied type of CFTR testing and testing for hereditary pancreatitis (SP/INK1, CTRC,
and PRSSI). Larger, prospective cohort studies, like that of the INSPPIRE consortium, may
provide additional insight on genotype-phenotype correlations and disease progression.
Prospective studies are still needed to assess the impact of interventions on changing the
progression of disease and to limit the variability in methods of diagnosis and management.

Timely diagnosis of CF or CFTR-RD in these patients could provide therapeutic options for
maintaining function and health in the pancreas and other organs. A diagnosis of CF should
be considered early when a young patient presents with ARP or CP. Clinical history must
include inquiry about other manifestations of CF in these children. Although larger and
prospective studies remain critical to fully understanding the role of CFTR in pediatric ARP
and CP, our series highlights the utility of screening individuals for CF to optimize treatment
of their pancreatic disease and overall health.
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