Pancreatic failurein patientswith cystic fibrosis
A multimodal study of exocrine pancreatic failurein cystic fibrosis
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The pancreas is a complex organ with both exocaingé endocrine functions. Pancreatic
disease leads to more or less rapid progressiorartt®vboth exocrine and endocrine

pancreatic failure.

Exocrine pancreatic failure (EPF) has various #&mjies. In western countries the most
frequent cause is chronic pancreatitis (CP) duealtmhol abuse. CP associated with
obstruction of the pancreatic duct, hyperparatityson/ hypercalcaemia, autoimmunity,
biliary pancreatitis, trauma, inflammatory bowelsehses renal transplantation genetic
syndromes are other aetiological factors (1) Thestnfi@quent genetic cause of pancreatic
failure is cystic fibrosis (CF), caused by differ@mutations in Cystic fibrosis transmembrane

conductance regulator (CFTR)).

In this protocol we will use a multimodal, diagriosapproach to detect exocrine pancreatic
failure in cystic fibrosis patients, and to quantiie progression towards end stage pancreatic
failure in these patients.

Cysticfibrosis

Cystic fibrosis (CF) is an autosomal recessiveatiseaused by mutations in a single large
gene on chromosome 7, that encodes the cysticsfbimansmembrane conductance regulator
(CFTR) protein (3). Clinical disease requires dégeaausing mutations in both copies of the
CFTR gene. The CFTR is a complex chloride channdl r@gulatory protein found in all
exocrine tissues (3). The Cystic Fibrosis Mutatidatabase lists more than 1800 different
mutations in the CFTR gene (4). The most commoratiaut is delta F508, which is found in
approximately 70 percent of Caucasian patients Wikh (3). The majority of individual
mutations are rare. Mutations cause disturbed paahof chloride and other ions, such as
sodium and bicarbonate, and leads to thick, vissaasetions in the lungs, pancreas, liver,
intestine, and reproductive tract, and to increasdtcontent in sweat gland secretions .The
usual presenting symptoms and signs include pensigbulmonary infection, exocrine

pancreatic insufficiency, and elevated sweat ctiolevels (3)

It is the most common, fatal autosomal recessigeatie among Scandinavian population,
with a frequency of 1 to 4-5000 live births (3).€lphenotypic expression of disease varies
widely as a function of the specific mutations prés The classic form of CF combines
classical organ manifestation and abnormal swelatride. A nonclassic form exists with

classical organ manifestation, but normal or inextrate sweat chloride. Adults diagnosed



with CF are more likely to have nonclassic featufidgese patients have milder lung disease

and little or no gastrointestinal disease (5).

Diagnostic criteria for cystic fibrosis are defingdthe cystic fibrosis foundation consensus

report (6)

Pancreatic disesasein CF

Patients with cystic fibrosis develop pancreatimdge as a result of defective ductal and
acinar pancreatic secretion. The vast majority afigmts with classic CF have exocrine

pancreatic insufficiency from early life. Insuffesit secretion of digestive enzymes such as
amylase and lipase leads to malabsorption withtmrtal failure and steatorréa in late phase
(5). Endocrine pancreatic insufficiency leadinggtocose intolerance and CF-related diabetes

is also common (7).

Liver diseasein CF

Progression to liver fibrosis and hepatocellulacitema has shown to be major contributors

to mortality and morbidity in CF patients reachamges beyond 30 years (8).

Pancr eatic physiology

Exocrine pancreatic function Presence of H+, peptides and amino acids in footuktes

release of secretin and cholecystokinin from duatl@xocrine cells. Secretin stimulates
secretion of bicarbonate and other ions from duetathelium and acinar production of
pancreatic enzymes. Cholecystokinin together wathay signaling stimulates acinar secretion

of pancreatic enzymes and gallbladder contrac8yn (

Pancreatic output Pancreatic juice is a bicarbonate rich mixture atex soluble pancreatic
enzymes and ions. Its main purpose is to supplyreag for digestion of complex nutritional
molecules and optimal environment for digestioncpsses. Proteolytic enzymes are secreted
as inactive enzymes. Trypsin inhibitor preventsivation of proteolytic enzymes before

released in upper intestine (9).



Pancreatic enzymes. Chymotrypsinogen, trypsinogen, procarboxypolymEse, pancreatic
amylase, lipase, elastase and cholesterol estdi@sss: Bicarbonate, sodium and chloride

and small amounts of other iones as zink and patas®).

Testing of pancreatic function

Testing early stage of exocrine pancreatic failarehallenging. Many diagnostic tools have
low accuracy and are poorly validated. Some exatmins are uncomfortable for the patient
with possible risk of adverse events. Direct invasmethods collect and test volume and
content of pancreatic juice. Other indirect, novasive methods measure pancreatic enzymes

in serum or faeces (10;11).

In clinical practice the most utilized, user-friéytest, is pankreas-elastase-1 concentration in
a spot stool sample. However results can be misigadue to sample errors (11). Fat in
faeces is the gold standard to quantify fat malgiigm(12;13). But the test is complex and a
challenge to perform.

Direct pancreatic functional testing The gold standard for pancreas function testintpis
collect duodenal juice with different tubes aftermsilation with hormones (secretin,
cholecystokinin) or well defined food. Bicarbonatanylase, lipase and others enzymes in
duodenal juice are measured. However practical opegnces of the tests are not
standardized and each centre has its own referealces, based on studies with small
numbers of patients (10;11). Knowledge of platedases with peak concentrations of
pancreatic enzymes has made better timed samplgtigoghs possible (14). Endoscopic short
tests have shown promising results compared, arydo@agood enough” in clinical practice
(14-16). These tests relay on concentration teséind, only give a rough estimate of

pancreatic volume output. This may be a challengsatients with low volume output failure.

I maging modalities

Traditional methods Traditional Computer tomography and Magnetic resopaimaging
(CT, MRI) and ultrasound based imaging methods amote invasive methods like
endoscopic-retrograde-cholangio-pancreato-graphy RCE)(Cambridge  criteria) and
endoscopic ultrasound (EUS)(Rosemount criteria)ehlagen used describing parenchymal



changes, calcifications, and pancreatic ductall@lzy changes in diseases leading to EPF
(17;18).

Imaging in functional testing Imaging methods have also been used addressinghee
output question in functional testing. Secretiimstiated MRI based method is promising
(19;20).

Development of new imaging modalities. New ultrasound methods like contrast enhanced
ultrasound (21)in parenchymal visualization andiyson studies, and elastography (22) in
validation of fibrosis may add information in a mmodal diagnostic method (23). MRI

diffusion weighted (24) studies are also intergstind poorly described in EPF.

Immunhistochemical analysis. Methods are developed to quantify numbers of seceatd
cholecystokinin producing cells in duodenum (2&jclsmethods can be applied in etiological

studies of pancreatic failure.

Purpose

The purpose of this study is to develop and vadicatiltimodal testing of exocrine pancreatic
function. We will be testing exocrine pancreatiadtion in patients with cystic fibrosis.

Exocrine pancreatic function and imaging will berretated to age group, genotype,
nutritional status and quality of life. Earlier detion of exocrine pancreatic failure in the non

classical form of CF may be of therapeutically bi#ne
Hypoteses

« Endoscopic short test can be applied in diagnoamd) monitoring EPF in patients
with CF.

+ New functional testing of EPF is superior to tremtial testing with fecal elastase.
+ MRI and ultrasound methods can be used to chaizetitie affected CF pancreas.
+ MRI and ultrasound methods can give volume outptitmate in CF patients.

« Contrast enhanced ultrasound can quantify reducedelayed pancreatic perfusion

and parenchymal changes in CF patients.



» Elastography/ CEUS can be used in prediction anditoring of fibrosis development

and development of hepatocellular carcinoma irittee of CF patients.

« Immunhistochemical quantification of secretin/ C@iducing cell in duodenum can

be utilized as a model hormonal signaling in Cheoas with EPF.
Endpoints

The primary endpoint is quantification of exocrip@ncreatic failure in CF patients measured
by low secretin stimulated levels of bicarbonatmykase and lipase in pancreatic juice,

compared to other patient groups and healthy vegrst

The secondary endpoints are description of genotypiritional status, quality of life
correlated to exocrine failure. We would also litee test ultrasound methods to predict
development towards liver fibrosis and hepatocatlutarcinoma in CF patients, and to

describe pancreas perfusion in CF patients.

Material and Methods

Subjects

Healthy volunteers (age 16-67) without any gastesitinal symptoms and disorders
associated with pain. Patients included in progentultimodal approach to diagnose patients
with non-EPF-abdominal pain and chronic pancresatiti

Patients meeting the diagnostic criteria for Cysiticosis (ICD-10: E84) will be included
from the Department of Lung Diseases at Haukelamgdysity Hospital in Norway.

Exclusion criteriafor all groups

Personality disturbances or psychiatric diseaseriggpatient unable to consent.
Active intravenous drug addiction.

Alcohol consumption 24 hours prior to the study.

Any other diseases and drugs associated with nadatien.

Pregnancy or lactating women.

Heart or lung disease as a contraindication to scwjuy.

Allergy against MR or ultrasound contrast agents.

Design and equipment



General: Data collection and testing of patient control igp® and healthy controls are
already in process as part of ongoing project. Rali@ction of cystic fibrosis patients will be
conducted as part of clinical scheduled comprekensbntrol. All subjects will receive
informed consent before participating in the traditer signing the, the patient is answering a

guestionnaire in written form. Anamnesis is docutedrno detect exclusion criteria.

Study test panel
Study patients will be submitted to following prdcees. Each part is commented below.
1) Registration of patient data.
2) Nutritional screening.
3) Blood tests serum and full blood.
4) Genetic testing. Registration of former testingdidnal testing if indicated.
5) Faecal spot test for analysis of elastasis-1.
6) Comprehensive contrast enhanced abdominal ultrasotithe abdomen with
elastography registration.
7) Faecal sampling in 3 days for analysis of faedal fa
8) Secretin stimulated ultrasound and endoscopic sbsiit
9) Secretin stimulated MRI and MRI of the pancreas.

10)1 year follow up with nutritional status, faecagtiasis and blood tests.

Procedures 1-5 are all part of routine testing, aitinot add discomfort for the patient.
Procedures 6-10 will be additional to routine coem@nsive control. Testing will be

performed during admittance for comprehensive neutiontrol.

Patient data

We will register age, gender, medication, year age of diagnosis, year and age of
confirmed exocrine failure by faecal elastasis,ieias, organs affected by CF, Quality of life
guestionnaire and Gl symptom scoMsual analog scale (VAS) will be used for the
assessment of pain. Nutritional screening will lmnducted according to Helse Bergen
“simple nutritional screening”

Blood tests. Sodium, potassium, magnesium, calcium, albumin, filsting glucose, HbAlc,
amylase, 25 OH vitamin D, ALAT, bilirubin, ferritirkobalamine, folate. Screening battery
purposed to register aetiology, complication agghsiof malabsorption. All tests analyzed on

approved routine laboratory.



Genetic testing. Registration of previous testing and preservatiérful blood for later
testing.
Faecal samples. Spot test of 3g faeces analysed on approved labvgrédr faecal elastase

and faecal fat quantification analysis by van @denér and modified by Arnold Berstad (26):

Ultrasound:

Transabdominal UL scanning is not time consuming ean be performed without hazards.
Multiple ultrasonography methods can be evaluated eompared with each other. The
patient is placed in a supine position, the ultasitransducer in the epigastrium (23).
Equipment

Hitachi high vision 900 scanner, Curve-linear 54id .53 linear probe. (Fundamental,
doppler/duplex, elastography). GE Logiq E9 scanrr, probe, (fundamental, contrast
ultrasound). Contrast agent for ultrasound: Song¥Wuacco S.P.A. Milano Italia.

Ultrasound modes:

Fundamental, B (brightness)-mode ultrasound: The amplitude of echoes is translated to
grey scale values (27).

Doppler: The Doppler Effect appears in all situations whezader and receiver of acoustic
waves are moving. This makes it possible to dedieag. blood flow and its direction. The
Doppler methods can show the velocity of movemexsurately; meanwhile the duplex
translates Doppler signals over an area in colbois makes it possible to detect e.g. vessels,
leakages and perfusion easily (23).

Elastography: An ultrasound imaging technique where interrefodnation in the range of
0.01-2 % is creating small tissue displacement3}. (BBese displacements are being tracked.
Tissue elements in soft tissue will move more thasue elements in harder tissue under
similar straining. Autocorrelation between conseuframes using the Extended Combined
Autocorrelation Method (ECAM) allows imaging of kElcstrain superimposed as a color
coded image over the corresponding B-mode imag@%9230).

Contrast-enhanced ultrasound (CEUS) is the application of ultrasound contrast ageats t
traditional medical sonography. Ultrasound contesggnts are gas-filled micro-bubbles that
are administered intravenously to the systemicutaton (31). Micro-bubbles are brought
into resonance by ultrasound waves producing higaemonics of the fundamental scanning

frequency suitable for imaging e.g. tissue perfusioblood flow over a time interval (23).



Secretin stimulated ultrasound and endoscopic short test

The test has been evaluated on healthy volunteaispatients with chronic pancreatitis.
(Unpublished data, the pancreas group, Haukeland)

Equipment: Endoscope: Olympus GIF 180/160. Ultrasound: GEd.8gscanner, 4c probe.
Amylase: kith list no.: 6K2201 Sentinel Lipase: lKiist no. 7D80-20. Both are analyzed in
RIA (radioimmunoassay) technique with Abbott arebitC8000 analyzer.

Hormonal stimulation: Secrelux® 10U/ml. ProducBanochemia Diagnostics Deutschland

GmbH Germany.

Procedure:

The patients are fasting over night.

The examination starts with a scanning of panaregéind. Visibility is registered as good =
1, Intermediate = 2 and Poor = 3. Calcificationd ayst formation are registered.

A dose of secretin (Secrelux®) 1 U/ kg, max 70diigen i.v.

Ultrasound measures of pancreatic volume, ductahdter, duodenal diameter, antral area
and gallbladder longitudinal diameter are at 1,18, and 15 minutes after secretin are
registered. Endoscopy starts 25 minutes after adtration of secretin. Local pharyngeal
anaesthesia with topical xylocain is given. Pasieate given Midazolam i.v until good
sedation if required. Gastroscopy is performed. pathology is registered.

All fluid is emptied from ventricle. PH is registst. Tip of endoscope is placed in proximity
to papilla Vateri. Aspiration of duodenal fluid s¢arted 30 minutes after administration of
secretin. Duodenal secretion is collected in 3isassof 5 minutes. Aspirate is analyzed for
pH, bicarbonate, amylase and lipase. Aspirate velum registrated. Test portions are

preserved by adding protease inhibitor and freeamgquid nitrogen (-196°C).

Secretin stimulated MR
Equipment:_1.5T Siemens Avanto (lab 5)

MRI Protocol and measures according to standardsasmtetin stimulated MRI protocol,
locally modified is performed (19;20)

Data collection

Department of lung diseases at Haukeland Univetsitgpital perform regular follow up on
approx 40 CF patients in the age group above l@sydatients are recruited from this

group. They are informed about the possibility aftgipating in a scientific research project,



and receive written participant information. On a&hion patients will be further informed of

the project. After signing the informed consentipgrant screening can be carried out.

The healthy volunteers are recruited by postingssameading of the word among employees

and students at Haukeland University Hospital.

The collection of personal data is performed bgrview and record onto a registration form.
Other data will be collected after permission fratectronic patient journal. Ultrasound and
MRI data are stored as DICOM files.

Statistical analysis

The results will be expressed as mean + SD unligswise indicated. Continuous data will
be analyzed using t-tests, or Mann-Whitney’s tédtse data is not normally distributed. For
multiple comparisons, two-way repeated measuretysineof variance (ANOVA) can be

used with the factors: 1) Different values of paatic function. 2) Patients versus contréls.

< 0.05 is considered significant. The software packag8SRill be used.

Ethics The study is presented for regional ethics commitied the experiments will be

conducted according to the Helsinki Il Declaration.

Side effects, risks and drawbacks. In this study hazards for the patients are keptaon
minimum. Ultrasound methods are harmless and psnfer the patients, and already
performed on clinical indication. SonoVue contragent for ultrasound is proven safe and

has few reported side effects (32).

Endoscopy and biopsy of the duodenum is a safeedwse. It will be performed by skilled
endoscopists to keep patient discomfort as low @ssiple. Contraindications in form of

severe lung and heart dysfunction will be takea adcount.

Secretin is approved by FDA and legemiddelverkele &ffects are rare. Patient discomfort is

minimal.

Collection and handling of data The survey, data collection and processing of salia
follow the guidelines of "International ConferenaeHarmonization Good Clinical Practice
(ICH-GCP)".
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Economy The investigations will form the basis for a PhDdst, and several project staff will
be financed accordingly. A fund is sought from tagional cooperative body for research in
Western Norway Health District (Helse Vest) to aDPprogram on the basis of these

experiments. Further economical means will be sbughational and international funds.

Patients are expected to participate without firlr@mpensation, but may be paid for lost
earnings and get transportation expenses covehedh@&althy subjects are provided financial

compensation for participation by an amount of ra@@ NOK.

Presentation of data The results of this research project will be préseénn national and
international meetings and published in internatiomedical journals with external
professional assessmdpeer review). Both positive and negative results will be
published. All publication rights accrue to the jpod manager. Collaborators are people who

have actively participated in the project.

Ethical consider ations

Functional testing of exocrine pancreatic failwesiill challenging. In this project we aim to
apply new testing modalities on cystic fibrosisi@ats. The results are expected to shed light
on the development of exocrine failure in CF paseifhe participants will be informed of
the results of the investigations and any condgtiwill be treated according to the relevant
department's standard clinical guidelines. Theep## right to opt-out of information about
their health status will be respected. We hope tiratproject may bring new knowledge to
benefit future patients, and this gain is expettedearly exceed the risk and inconvenience

which may occur in connection with investigations.
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