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Cystic Fibrosis — Often Viewed as a Lung Disease
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Manifestations of Cystic Fibrosis
CF is a whole body disease!

General Lungs
-Growth failure (malabsorption) -Bronchiectasis
-Vitamin deficiency states -Bronchitis
(vitamins A, D, E, K) -Bronchiolitis
-Pneumonia
Nose and sinuses -Atelectasis
-Nasal pOI)pS .Hernoptysis
-Sinusitis -Pneumothorax
Liver -Reactive airway disease
-Hepatic steatosis -Cor pumonale
-Portal hypertension -Respiratory failure
-Mucoid impaction of the bronch
Galbladder -Allergic bronchopulmonary aspergillosis
-Biliary cirrhosis
-Neonatal obstructive jaundice Heart
-Cholelithiasis -Right ventncular hypertrophy
Bone Pumoﬂa’y artery dilaton
-Hypertrophic osteoarthropathy Spleen
-Clubbing -Hypersplenism
-Arthritis — _
-Osteoporosis Stomach
GERD
Intestines R
oCOOs I RouS ‘-D%:nccreamls
-Meconium perntonitis p
Rectal prolapse -Insulin deficiency
-Intussusception -Symptomatic hyperglycemia
Nolulus -Diabetes —
-Fibrosing colonopathy (stncures) Reproductive
-Appendicitis -Infertility

-Intestinal atresia
-Distal intestinal obstruction syndrome
-Inguinal hemia
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(aspermia, Absence of vas deferens;

-Amenorrhea
-Delayed puberty
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Progress in Pediatrics

CYSTIC FIBROSIS OF THE PANCREAS AND ITS
RELATION TO CELIAC DISEASE

A CLINICAL AND PATHOLOGIC STUDY

DOROTHY H. ANDERSEN, M.D.

Am J Dis Child. 1938; 56:344-99

* Described 49 cases of children with diagnosis of celiac
disease, but with abnormal pancreas on autopsy

* 3 groups of children:

1. <1 week old: died from inspissated mucus causing intestinal
obstruction

2. 1 week -6 months old: FTT, malnutrition, large abdomen,
diarrhea, steatorrhea, Vitamin A deficiency, chronic respiratory
infections

3. 6 months — 14 years old: malnutrition, underdevelopment,
bronchiectasis

Fig. 2—4, C. H. (case 37 [XVIII]) at the age of 1 year; B, M. D. (case
44 [XX]) at the time of admission to the hospital at the age of 22 months,
and C, M. D. at the age of 3 vears.



Cystic Fibrosis

* |ncidence: ~30,000 in U.S. and ~100,000 worldwide

— Varies based on racial/ethnic background

® Caused by gene mutations in the Cystic Fibrosis
Transmembrane Conductance Regulator (CFTR) ion channel

— Gene identified in 1989

Q Stanford Lucile Packard
WY Childrens Health | Children’s Hospital
Stanford

Science. 1989; Sep 1: 923.

News & Comment

The Cystic Fibrosis Gene Is Found

Researchers have identified the major gene defect that causes cystic fibrosis. The discovery should
lead to better diagnosis and perhaps improved therapies for the now fatal disease

not carry any such convenient tag,

unfortunately.

In 1985, however, 2 years before
Tsui and his colleagues joined forces
with Collins and his team, the Toron-
to group had provided a big boost to
cfforts to find the gene when they
mapped it to chromosome 7. Wil-

¥ liamson and Ray White of the How-
Ky !anl Hughes Medical Institute at the




CFTR

* Present in epithelial and non-epithelial tissues
* Membrane spanning anion channel
* Regulated by phosphorylation of R domain

* Permeable to Cl-and HCO5

Proximal duct

Distal duct

Welsh, M.J., Smith A.E. 1995. Scientific American, 52-59. U
Scand J Gastroenterol. 1994; 29(10):889-96

CF
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Making the Diagnosis

* Newborn Screening (NBS)
— Colorado was first state to include CF in NBS in 1982

— All 50 states included CF in NBS since 2010 NBS Algorithms

®* Genetic testing '““'“T' —
* Sweat testing: first introduced in 1959 and e | T | gt
remains the gold standard * i | ki

IRT Day 0-7 Day 0-7

— >60 mmol/L: CF
— 30-59 mmol/L : Indeterminate
— <30 mmol/L : Normal

cutoff varies
highest 1-5%

IRT '
IRT ~Day14 = of samples
highest 5-10% _— Shanded
of samples cFTr Analysis
utation

DNA
2 CFTR mutations

1-2 CFTR mutations
Sweat Sweat
Sweat Chloride Chloride ' | Chloride l
Q Stanford Lucile Packard

Children’s Health | Children’s Hospital o Lab Med. 2011; 42(10): 595-601.
Stanford
Quinton P. Physiology (Bethesda) 2007;22:212-25
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Making the Diagnosis

2017 CF Foundation Guidelines

Positive NBS
Signs and/or symptoms
Family History

Sweat Chloride Testing

l
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260mmol/L 30-59mmol/L <29mmol/L
' |
2 CF-causing CFTR genotype undefined or known MVCC No CFTR
s mutations
mutations
' [
CFTR dysfunction Testing Unavailable, CFTR function
Equivocal preserved

A\ 4 v v v\
CF Diagnosis CF Diagnosis Not Resolved CF Unlikely

J Pediatr 2017;181S:54-15



Normal Class | Class Il Class Il Class IV Class V

° % CFTR protein is CFTR protein CFTR protein CFTR protein Normal CFTR
e n e u a I O n S = createdpmoves to is created, is created and is created and protein is created
o the cell s'urface and No functional but misfolds, moves to the cell  moves to the cell and moves to the
B llows transfer of  CFTRis created. keeping it from surface, but the surface, but the cell surface, but
8 chloride and water. moving tothe  channel gate does  function of the in insufficient
I.ID.I ‘ cell surface. not open properly.  channel is faulty. quantities.
1 700 . .d .f. d % of people with CF 3y 88%
m who have at least one
> ) u tat I O n S I e nt I I e mutation in that class

No G542X F508del G551D D1152H 3849+10kbC-T
mutation W1282X N1303K S549N R347P 2789+5G-A
R553X 1507del R117H A455E

aka “production aka “processing aka “gating aka “conduction includes some
mutations,” which mutations” mutations” mutations” splice mutations
include nonsense

Resources for information on effects
of CFTR mutations: e
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— www.cftr2.org v t i

Mature
Channel

CFTR Faulty Not

— www.genet.sickkids.on.ca

T channel iaat:eoc:z-:: T channel eg:_L;’g?h
- : £ d o | U .
New therapies are mutation-specific, I T

so important to know genetics

WHAT’'S HAPPENING IN THE CELL
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Cystic Fibrosis CRMS CFTR-related
Disorder

* Definition of CRMS (CFTR-related metabolic syndrome):
— Sweat Cl <30 mmol/L + 2 CFTR mutations (one is not disease-causing)
— Sweat Cl 30-59 mmol/L + 1 or no disease-causing CFTR mutations

* Definition of CFTR-Related Disorder:

— A clinical entity associated with CFTR dysfunction that does not fulfill diagnostic
criteria for CF (e.g. chronic pancreatitis, congenital bilateral absence of vas
deferens)

Q Stanford Lucile Packard
WY Childrens Health Children’s HOSpi‘l'al 11 J Pediatr. 2009; 155(6 Suppl):S106-16

Stanford J Cyst Fibros. 2011; 10(S2): pS86-5102



Making the Diagnhosis — Functional Testing

Nasal Potential Difference

Measuring electrode

subcutaneous bridge

J Vis. Exp. 2018; 139: e57006, doi:10.3791/57006.
J Cyst Fibros. 2018; 17(3): 316-24.

Tissue/culture

Functional readout

Rectal biopsy

(_

_®_

Intestinal Current

Measurement (ICM)

12

Intestinal Current Measurement
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Forskolin-Induced Swelling

Organoid swelling
assay




Classic Gross Abnormalities in the Pancreas

Dilated ducts with
gelatinous material
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Current Diagnostic Pathology. 2002; 8: 50-59



Classic Gross Abnormalities in the Pancreas

Fibrosis and fatty
replacement

Q Stanford Lucile Packard
WY Children’s Health | Children’s Hospital 14
Stanford

Current Diagnostic Pathology. 2002; 8: 50-59



Classic Microscopic Findings

Normal CF
(3 days old) (6 days old)

Obstructed and distended pancreatic ducts with
increased eosinophils

Q Stanford Lucile Packard o
WY Children’s Health | Children’s Hospital 15 Am J Dis Child. 1938;56:344-99
Stanford Cystic fibrosis. PathologyOutlines.com website.

https://www.pathologyoutlines.com/topic/pancreascysticfibrosis.html.



Classic Imaging Findings

* Fatty replacement, atrophy, sometimes calcifications

Axial portal venous phase CT scan Axial non-enhanced CT scan
in a 29 year-old with CF in a 28 year-old with CF

Lucile Packard
Children’s Hospital 16
Stanford RadioGraphics 2015; 35(3): https://doi.org/10.1148/rg2015140110
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Pancreatic Complications in CF
Exocrine Pancreatic Insufficiency

* Incidence: ~“85% of CF children have EPI (may be less for adults)

A

F508del / GBSE F508del / G85E

* Diagnosis:

0 0 100 200 300 400 500

— Practice: fecal elastase, endoscopic pancreatic function testing

FE Value

— Research: quantification of secretin-MRCP, secretin-stimulated
transabdominal US or endoscopic US 3

®* Treatment:

— Pancreatic enzymes (~1,000-2,500 lipase units/kg/meal)
* Work with your CF dietician!

— Concomitant gastric acid suppression?

Q Stanford Lucile Packard
WY Childrens Health | Children’s Hospital 17
Stanford J Pediatr. 2013; 162:808-12



Pancreatic Complications in CF
Pancreatitis

* Incidence: ~10% of CF-PS patients will develop pancreatitis

* Pathophysiology: Pancreatic ductal flow becomes blocked = premature
enzyme activation = inflammation and damage

* Caused by altered CFTR-dependent ion transport in pancreas

— Degree of CFTR dysfunction determines risk

J Cyst Fibros. 2017; 16:579-86

Wilschanski M., Uc A. 2016. Cystic Fibrosis. In: Textbook
of Pediatric Gastroenterology, Hepatology and Nutrition.
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Pancreatic Complications in CF
Pancreatic Cystosis

* Pancreatic parenchyma is replaced by multiple cysts of various sizes

— Occurs in “8% of CF patients
— Usually identified incidentally

Macrocysts present on Ultrasound

Yes No
Proceed as
MRI - L
clinically indicated
Mass-effect No mass-effect
or hemorrhage or hemorrhage
present
Symptomatic Monitor
Yes No
Consider surgical Monitor
or endoscopic
management
J Cyst Fibros. 2017; 16:579-86 Fig. 4. Proposed decision making algorithm for pancreatic cystosis.

Case Rep Pediatr. 2016; 2016: 5321785.



Future for CF is bright

* CFTR Modulators:
— lvacaftor (Kalydeco) — FDA approved in 2012 * Increasing incidence of CFTR-related
— Lumacaftor/Ivacaftor (Orkambi) - 2015 disorders (e.g., pancreatitis)?

— Tezacaftor/Lumacaftor/Ivacaftor (Elexacaftor) —
July 22, 2019 application submitted

— Other modulators in development

—
o
o

Median Predicted Survival Age, 1986-2017 In Five Year Increments
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