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Cydtic Fibrosis or CF is a disease caused by an inherited genetic defect of the exocrine
glands, primarily affecting the GI and respiratory systems, but symptoms can vary

between patients. It is amonogenetic disorder that presents as a multi- system disease.
The firgt sgns and symptoms typicaly occur in childhood.

Each year approximately 3,200 white babies are borninthe U.S. with CF. Thediseaseis
much less common among blacks and Asart American children. Two-thirds of the
infants born with CF will be diagnosed in the first year of life. CF affects approximately
30,000 persons each year, 30% are adults. The life expectancy for CF patientsis
markedly shortened with many patients dying in their 20°'sand 30's. The median

surviva age of CF patients has risen sgnificantly in the past 35 years. Inthe 1940's, CF
patients rardly lived past the age of ten. In 1969, the median age rose to 14. Now, the age
is much higher due to the development of improved medication and aggressive therapy.

Pathogenesis
CF isan autosomd recessve disease resulting from mutations in a gene located on
chromosome 7. The most common mutation in the CF gene is a 3-bp deletion that results
in an absence of phenyldanine a amino acid position 508 (delta F508) of the CF gene
protein product, known as the CF transmembrane regulator (CFTR). The CFTR protein
isasingle polypeptide chain containing 1480 amino acids that gppears to function both as
acyclic AMP-regulated CF channd and aregulator of other ion channds. In normal cell,
CFTR is synthesized in rough endoplasmic reticulum (RER), is in the golgi gpparatus,
and functions as a chloride channd and regulator of other ion channels when located in
the plasma membranes.
If amutation, such as Delta F508 is present, CFTR is degraded intracellularly so no
protein is trangported to the plasma membrane. With other mutations, the abnorma
protein is processed to the plasma membrane but functions abnormally at that Site.

Epithdid Dysfunction

The epithdia affected by CF exhibit different functionsin their native date. Some are
volume-absorbing (airways and dista intestind epithelia), some are salt-absorbing but
not volume absorbing (sweat duct), and others are volume-secretory (proxima intestine
and pancreas). CF produces very different effects on patterns of ectrolyte and water
transport.



Organ-specific Pathophysiology
Lung
The diagnostic biophysical halmark of CF isthe raised transepithelid eectric potentia
difference (PD) detected in airway epithelia. The transepithelia PD reflects components
of both rate of active ion transport and the resstance to ion flow of the superficid
epithdium. CF airway epithdia exhibit both raised transport rates (sodium) and
decreased chloride permesbility. Raised sodium absorption is aroutine feature of CF
arway epithelia. It appears that CFTR inhibits sodium channd activity as a part of its
generd function to act asa“ switch” that coordinates the bal ance between sodium
absorption and chloride secretions. An abnormally high rate of sodium absorption and
low rate of chloride secretions reduce the salt and water content of mucus and deplete the
volume of the perciliary liquid (PCL). Both the thickening of the mucins and the
depletion of the PCL lead to afailure to clear mucus normaly from the airways by ether
cliary or arflow-dependent (cough) mechanisms. Evidence suggests that the lungs are
higologicaly normd a birth.
Pulmonary damage is probably initiated by diffuse obstruction in the small airways by
abnormally thick mucus secretions. Bronchialitis and mucopurulent plugging of the
alrways occurs secondary to obstruction and infection. Bronchid changes are more
common than parenchymal changes. Emphysemais not prominent.
As pulmonary process progresses bronchia walls thicken, the airways fill with purulent,
viscid secretions, and areas of atdlectasis develop. The hilar lymph nodes enlarge.
Chronic hypoxemiaresults in muscular hypertrophy of the pulmonary arteries,

pulmonary hypertension, and right ventricular hypertrophy.

Gadrointestinal Tract

In the exocrine pancress, the absence of the CFTR chloride channd in the apical
membrane of pancreatic ducta epithelia, limits the function of an gpicd membrane
chloride bicarbonate exchanger to secrete bicarbonate and sodium (by passive process)
into the duct. The failure to secrete sodium bicarbonate and water |eads to retention of
enzymes in the pancreas and ultimately destruction of virtudly al pancredtic tissue. The
CF integtind epithelium, because of the lack of chloride and water secretion, fails to flush
the secreted mucins and other macromolecules from intestind crypts. The diminished
CFTR-mediated regulation of sodium absorption (both mediated by sodium channels and
possibly other sodium transporters, e.g., sodium hydrogen exchangers). Both
dysfunctions lead to desiccated (Ioss of moisture) intraumina contents and obstruction
of both the smdl and large intestines.

In the hepatobiliary system, defective hepatic ducta chloride and water secretion causes
retention of biliary secretions and focd biliary cirrhoss and bile duct proliferation in
approximatdy 25-30% of patientswith CF. The inability of the CF gallbladder
epithelium to secrete salt and water can lead to both chronic

cholecydtitis and choldithiass (formation of gdlstones).

Swest Gland

Patients with CF secrete nearly norma volumes of sweet in the sweet acinus, but they are
not able to absorb sodium chloride from swest as it moves through the swest duct dueto
the inability to absorb chloride across the ductd epithdid cdls.



Reproductive Organs

Men with CF produce sperm, but the method of sperm transport to the semen is defective
due to an absent or blocked vas deferens. 98% of males with CF are infertile. Females
with CF are normd structurdly, but thick and viscous cervica mucus may act as a barrier
to sperm. The process of carrying a child and ddlivery can compromise the hedth of CF
woman and the risks must be weighed when pregnancy is being considered.

Symptoms, Signs and Complications
Symptoms usualy gppear during the first year of life, but may not be evident until
adolescence or later. CF patients may experience avariety of symptoms and may not
follow the same pattern in dl patients. Meconium ileus due to obgtruction of theileum
by viscid meconium isthe earliest Sgn and is present in 15 to 20% of affected newborns.
It may be associated with delayed neonatal passage of meconium and with the meconium
plug syndrome. Disease onset is frequently heradded by a delay in regaining birth weight
and inadequate weight gain at 4 to 6 weeks of age. Infants with CF who have been on
soy protein formula or breast milk may develop hypoproteinemiawith edemaand anemia
secondary to protein malabsorption. 50% of patients with pulmonary manifestation,
usudly chronic cough and wheezing associated with recurrent or chronic pulmonary
infections. Cough is the most troublesome complaint, often accompanied by sputum,
gagging, vomiting, and disturbed deep.

Disease progression includes intercostal retractions, use of accessory muscles, barrel-
chest, digital clubbing, cyanosis, nasd polyps, chronic or recurrent Snugitis. Adolescents
may have retarded growth, delayed onset of puberty, and a declining tolerance for
exercise. Pulmonary complicationsin adolescents and adults include pneumothorax,
hemoptyss, and/or right heart failure secondary to pulmonary hypertenson Pancregtic
insufficiency isdinicaly gpparent in 85-90% of patients, usudly presents early in life,

and may be progressive. Manifestations include frequent passage of bulky, foul-smelling,
oily stools, abdomina protuberance, poor growth pattern with decreased subcutaneous
tissue and muscle mass and rectd prolapse. Excessve swesting in hot weether or with
fever may lead to episodes of hypotonic dehydration and circuletory falure. In arid
climates, infants may present with chronic metabolic dkaoss. Sdt crystd formation and
asdty taste on the skin are highly suggestive of CF. Insulin-dependent diabetes develops
in 10% of adult patients. Multilobular biliary cirrhosis with varices and porta
hypertension developsin 4 to 5% of adolescents and adults. Inflammatory complications
may include vasculitis and arthritis. Chronic and/or recurrent abdomind pain may be
related to intussusception, peptic ulcer disease, periappendicea abscess, pancredtitis,
gastroesophaged reflux, esophagitis, gallbladder disease, episodes of partid intestina
obstruction, and/or vitamin deficiency.

Diagnoss
The standard diagnostic test for CF is a swest test, which measures the amount of sodium
and chloride in aperson’s sweat. Thetest is performed twice and acongstently high
level of sdt indicates CF. Newborns do not produce enough swest for testing, so a
genetic analyss of ablood sample may be performed to confirm adiagnoss of CF. The
quantitative pilocarpine iontophoress swest test is sandard for diagnosing CF. The test



must be interpreted in the clinica context. Swest tests are well tolerated and can be
performed on patients as young as 4 weeks of age. Condder genotyping for usein
diagnogis or reproductive counsding. There are commercidly avallable kits for
genotyping patients with suspected CF or screening heterozygote carriers. A test that
identifies two aldic mutationsis highly specific for the diagnosis of CF, but the absence
of identification of one or two mutations does not rule out CF. Thistest is accomplished
by asmple blood draw. Patient who have positive swest chloride tests may aso undergo
genotyping, because it is useful for reproductive counseling. Thereis current
investigation into therapies that are specific for functiona differences associated with
different aldic genotypes, and thus identification of the genotype may benefit the patient
when these therapies become available.

Nasa Transepithelid Potentia Differences (NPD)
About 1%-2% of patients with clinica CF have norma swegt chloride levels, and about
50% of these patients have a sngle mutation of the CFTR gene. NPD are often
diagnodtic in these and other patients with indeterminate swest chloride tests and
unidentifiable gene mutations. The NPD testing involves placing an eectrode behind the
media nasdl turbinate and locally infusng solutions that dters sodium or chloride
conductance such as amiloride. The potentid difference of the nasal mucosain persons
without CF isless negative at basdine and has different patterns of response to various
infused solutions. Thistest, il primarily aresearch toal, is only availablein afew CF
centers. Patient must St upright and be fully cooperative for dmost 30 minutes, difficult
to do on smdll children.

Clinicd Monitoring

Respiratory disease is the mgor cause of death in the CF patients. Nutritiond hedthis
closdly related to respiratory hedth. CF patients should maintain norma body growth
and weight to assure norma lung development, dlow for norma exercise, and reduce
frequency of respiratory infections. CF patients are a risk for zinc and vitamin
deficiencies due to maabsorption of fats, particularly during the first yeer of life.
Vitamin E and beta carotene are essentid for protecting the airways from oxidant injury
and lung damage. All CF patients should be monitored for clinica signs and symptoms
of respiratory compromise. Chronic throat clearing, increased mucus production,
persistent cough, and cracklesin aprevioudy clear chest are one of the best indicators of
arespiratory exacerbation.
Symptoms of the respiratory system which are important to assess include exercise
tolerance, wheezing, sputum production, sputum agppearance, hemoptyss, and deep
quality.
Clinical sgns suggesting chronic lung disease include digita dubbing, chest
hyperinflation, increased second heart sound, and kyphoss.

Pulmonary Function Monitoring
Spirometry is the most specific and sengtive monitoring tool for following the dinica
status of the CF patients. Initidly the lung function of the CF patient isnorma. Then,
arway obgtruction develops and usualy involves the smaller, more peripherd airways
fird. Spirometry, ether avolume-time or flow-volume curve, will initidly show changes
in flow & lower lung volume (forced expiratory flow during the middle half of the forced



vital capacity), followed by decreased flow a higher lung volumes, FEV 1, eventualy by
decreased volume, FVC. With activey growing children, pulmonary function vaues are
plotted as percent-of- predicted values, whereas with adult patients the absolute vaues
may be plotted. A 10% FEV 1 decreaseis considered a sgn of worsening lung diseese,
and if acute, isadgn of arespiratory exacerbation. Post-bronchodilator spirometry
should be performed with patients who have detectable airway obstruction to see if
bronchodilator therapy would be helpful and to look for complicating conditions such as
ashma
Respiratory rate and pulse oximetry can help provide early sgns of worsening lung
function, particularly in young children in whom abnormalities of amdler arways are
more likely to decrease oxygendtion. For older patients tachypnea and poor oxygenation
are 9gns of more severe disease or an acute respiratory exacerbation. Oxygendtion
during deep is an important measurement that should be done in dl patients with acute
respiratory deterioration or who show signs of pulmonary hypertenson. Night time
desaturation can be quite severe in patients who have anorma daytime saturation.
Petients with FEV' 1 < 30% of predicted as a particular risk of nocturnal hypoxia and
hypercarbia. If pulmonary function indicates redtrictive changes, it may indicate
subgtantid ar trgpping. Exercise tolerance studies can be used to monitor worsening or
improving lung functions. Pulse oximetry should be monitored during exercise tolerance
studies because desaturation is a common complication. Carbon dioxide monitoring
during exercise may be indicated in patients with severe obgtructive disease (FEV 1 <40%
predicted).

X-Rays
Chest X-rays areindicated yearly for al CF patients to detect structura changes. CAT
scan may be vauable for early detection of airway disease and bronchiectasisin the
middle age child with norma pulmonary function.

Current Therapy
The new Cydtic Fibross guiddines were based on atwo-year review of published
research on patients aged six and older. The guidelines are published in the second issue
for November 2007 of the American Journd of Respiratory and Criticad Care Medicine.
"Phygcians treating patients with CF are faced with a growing number of trestment
options. We are hopeful that clinicianswill find these recommendations to be useful in
their care of patients with CF," the guiddines lead author, Dr. Patrick A. FHume, saidina
prepared statement.
CF isagenetic disease that affects the lungs and other organs. It's characterized by thick,
gticky mucus that makes it dmost impossible for CF patients to fight off germs and
infections. The disease is dways fata, and lung disease accounts for 85 percent of deaths
among CF patients. However, advances in trestment in the last 60 years have incressed
life expectancy from just afew yearsto about 36 years.
Flume and his colleagues |ooked a a number of treatments and rated their effectiveness.
Those with the Strongest, most congstent results were given an "A" grade
recommendation. They are:
Inhaed tobramycin -- an antibiotic -- to suppress chronic Pseudomonas aeruginosa
infectionsin CF patients with moderate to severe disease, to improve lung function and
reduce exacerbations.



Dornase dfa, which degrades the free DNA that accumulates in CF mucus thereby
loosening the mucus, promoting airway clearance, improving lung function and reducing
exacerbations.

"B" grade recommendations were given for:

Inhaed tobramycin, to suppress Pseudomonas aeruginosainfections in CF patients with
mild disease or who are asymptomatic, to reduce exacerbations.

Dornase dfa for CF patients with mild disease who are asymptomatic to improve lung
function and reduce exacerbations.

Hypertonic saline which hydrates surface liquid in patients with CF thereby improving
lung function and decreasing exacerbations.

Beta 2-adrenergic receptor agonists, which rdlax smooth muscles and dilate bronchia
passages, which improve lung function in CF patients, and are well-tolerated.

The guiddines recommend againgt:

Systemic corticosteroids in children because of "an excess number of adverse events,”
including abnormditiesin glucose metabolism, cataracts, and percentage of patients
"colonized" with Pseudomonas. This recommendation excludes patients with
concomitant asthma

Inhaled corticosteroids, because there's no clinical benefit. Thisrecommendetion
excludes patients who aso have asthma, however.

Prophylactic anti- Staphylococcd antibiotics because of the lack of dinica efficacy and
an gpparent increase in P. aeruginosa infections with their use.

Delivery Devices
Effective thergpy, with nebulized medications, is dependent on the education of the
patient or parents to use proper administration technique. Use amouthpiece (children
over 3 years old), bregthe through the mouth (may require nose clip), use the appropriate
nebulizer, and complete the entire dose. For the younger children, a face mask should be
used and dways placed snugly onto the face. Simply moving the mask away from the
face by 2 cm reduces drug delivery by 85%. A metered-dose inhder should dways be
used with a pacer which improves delivery and decreases adverse effects. In
bronchodilators, more than 2 puffs are frequently required because the total doseis often
much lessthan in anebulizer. Dry powder inhders are increasingly popular, but needs
good patient education to assure the patient can generate adequate inspiratory flow. Dry
powder inhalers should not be used by children under 4-6 years old.
Delivery devices are a potentid cause of nosocomiad infection, and infections control
standards need to berigidly followed.

Disnfection Options for Reusable Items Contacting the Petient
Boil in water for 5 minutes, or use a standard cycle dishwasher if water >160F is
maintained for > 30 minutes, or microwave for 5 minutes, or immerse in one of the
following:
1:50 dilution of 5.25-6.15% sodium hypochlorite (bleach) for 3 minutes
70% isopropyl acohal for 5 minutes
3% hydrogen peroxide for 30 minutes



Following disinfection by immersion, the device should be rinsed with sterile water (not
tap or didtilled water) and dlowed to air dry. An dterndiveisto rinse with tap water,
followed by rinang with 70-90% acohoal.

Airway Clearance Techniques
All CF patients should routinely have airway clearance thergpy. There can be benefits
from airway clearance in the asymptometic patient before daily coughing and mucus
production is present, which may contribute to the deterioration of the lung function.
Airway clearance therapy should be done prior to eating to avoid stomach upset.
Bronchodilators or mucolytic medications are given prior to or during airway clearance
therapy. The decison on which technique to use should be based on the patient’ s age and
preference after trying different approaches.

Chest Physiotherapy
CPT is dso known as Percussion-and-drainage or chest clgpping. CPT istypicaly
performed with a cupped hand or aplastic cup and rapid “ clapping” onto the chest.
Mechanica devices are available, dthough they do not clear the airways better than
manud techniques. During CPT the patient is placed in severa postionsto enhance
mucus clearance. Percussion isusudly performed for 1 to 2 minutes in each position,
followed by encouraging the patient to cough. The god isto move periphera mucusinto
more centra airways, thiswill happen even in the absence of acough. Oxygen
saturations may decrease during CPT and patients with severe lung disease should be
monitored. To reduce desaturation, inspiratory pressure-support ventilation can be added
during CPT. Gastroesophagedl reflux can be exacerbated during CPT, so the head-down
position should be avoided in dl patients.

Active Cyde of Bresthing
This technique is a combination of breathing control, thoracic expansion, and forced
expiratory technique. It improves lung function without decreasing oxygenation.
Breathing control is normal tidal breathing with the lower chest, dlowing the upper chest
and shouldersto rdlax (aso referred to as digphragmatic breathing). During active cyce
of breathing technique, breathing control is used between periods of thoracic expanson
and forced expiratory technique. Thoracic expanson exercisesinvolve deep breething,
focusing on active ingpiration. Deep inspiration is often followed by a severa-second
hold, which is particularly valuable for the postoperative patient, in whom it aidsin
avoiding atelectass. Thoracic expansion is repeated 3-4 times followed by a period of
breathing control. The forced expiratory technique combines 1 to 2 huffs (forced
exhdations) with periods of breathing control. Huffs can be more effective than
coughing and patients often use a modified forced expiratory technique when they need
to move mucus, such aswhile in the shower or other moist environment. Huffing can be
performed at various lung volumes. At low lung volumes, the huff moves mucus
primarily from the more periphera airways, wheress a high lung volumes, the huff
clears the secretions from the larger, more proximal airways. The forced exhdation
produces a dynamic compression of the airway, leading to airway collapse downstream
(toward the mouth) from the point where pressure outsde the airway isSmilar to insde
the airway (referred to as equal pressure point or flow-limiting ssgment). Any mucus



within this disance of compressed airway will be exhded from the lung by increased air
turbulence. As the lung volume decreases, the area of airway compressions moves
upstream (toward the aveolus), resulting in movement of more peripherd mucus. A
prolonged huff, or a series of coughs without intervening breaths, moves the compressing
Ssegment deep into the segmenta bronchi. Huff resultsin lower transpulmonary pressure
than a sequence of coughs, resulting in less complete airway collapse. The huff isa
forced but not violent maneuver and can be varied by length and force to optimize mucus
clearance. Young children can be taught to huff by playing games. It isimportant to
remember the god is not to do amaxima flow maneuver such asthat performed for
pulmonary function testing.

Autogenic Drainage
The god isto breathe at different lung volumes and create the highest possible air flow in
different airway subdivisons. The mucusis“unsiuck” at low lung volume, “collected” &t
middle lung volume, and “evacuated” a high lung volumes. The patient bregthestidally
below hisnorma FRC for afew minutes. This causes mucus to be cleared from the more
peripherd airways. Exhdation is mildly forced, to shear mucus from the airway walls.
Then the patient ingpires a smal amount, raising the volume for tiddl breething. This
cycleisrepeated severd times, eventudly raisng lung volumes well above FRC. Often
mucus is expectorated without the need for forced coughing. Oxygenation is unaffected
during autogenic drainage. Frequently, autogenic drainage is combined with severd
aspects of active cycle of breathing technique, including doing the forced expiratory
technique between different levels of lung inflation. The patient should be encouraged to
experiment with the different techniques to find the optima way to clear secretions.

Positive Expiratory Pressure and Flutter
Positive expiratory pressure (PEP) is an airway clearance technique devel oped to reduce
the airway collapse caused by bronchiectasis. There are 3 modifications of PEP
technique: low- pressure PEP, high-pressure PEP, and oscillating PEP.

L ow-Pressure PEP
Consist of amouthpiece or face mask attached to alow- pressure, expiratory resister.
Usudly there is some form of manometer to measure the expiratory pressure. The degree
of expiratory resstance can be varied so the patient can exhale, without exertion, and
maintain pressures of 10-20 cm H20. Inspiration is passve and exhdation dightly active
agang the resstance. Techniques differ, but usually involve 1-2 minutes of tida
breathing or 15-20 expiratory bresths of 3 seconds each. The PEP isremoved and the
patient does severa forced exhdations and coughs. This cycleis repeated 3-4 times, with
the entire treatment lasting 15-20 minutes. Low-pressure PEP is smilar to CPT for
airway clearance, dthough there may be less oxygen desaturation.

High- pressure PEP
This technique uses forced expiratory maneuvers againg the resstor, creating high
pressure. The patient inhdesto totd lung capacity and performs a FV C maneuver,
creating pressures between 40 and 100 cm H20. The expiratory resister is adjusted to
provide for optima arway distention and should prevent airway closure.



Ogxtillating PEP
Most commonly performed with the Hutter device or the Acapdladevice. The patient
exhdes into the Hutter device. During exhdation, the sted bal insde the device
bounces, causing vibratory obgtruction to airflow, this oscillates both the pressure and the
ar flow. Theangle a which the deviceis held determines the oscillation frequency
(usually between 6 and 26 Hz), and the patient’s expiratory effort determines the pressure.
The Acgpella combines the principle of high-frequency oscillation and PEP by
employing a counterweighted lever and magnet. Patient exhales through a cone, which is
intermittently occluded by a plug atached to the lever, producing air flow oscillations. A
knob located at the distal end of the device adjugts the frequency, amplitude, and mean
pressure. The Acgpdlaisavailablein 2 modes, one for patients who can sustain at least
3 seconds of expiratory flow >15 Ipm, and one for patients with expiratory flow <15 lpm.
Aswith other PEP techniques, the patient repeats the maneuver for 10-15 breaths and
then does severa huffs or coughs without the device. This cycleisrepeated 3-4 times,
resulting in a 15-20 minute airway clearance session.

Intrapulmonary Percussive Ventilation
With IPV there are continuous oscillating pressures during both inhalation and exhal ation.
The pressure and frequency of these oscillations can be varied, but typically the
frequency is 6-12 Hz and the pressures are 10-20 cm H20. Following IPV therapy,
sputum production and pulmonary function improvement is smilar to that following
standard CPT. Huid can be ddlivered during IPV, smilar to IPPB except there is not an
attempt to breathe for the patient. The oscillating pressureis layered on top of the
patient’s normd tida bresthing. Studies of drug deposition vialPV is needed to assure
clinica effectiveness, snce some medications, such as dornase dfa (Pulmozyme), may
be broken down when ddivered via non-approved nebulizers.

High-Frequency Chest Compression
HFCC (The Vest) was developed to provide oscillation to the external chest. Oscillation
has potentid benefit both by shearing mucus from the airway wal and by modifying the
viscodlagtic properties of the mucus. Shearing occurs at the mucus-airway surface
interface and results from the kinetic energy released by high-velocity ar flow. Peak
flows during HFCC are smilar to those produced with coughing, dthough for briefer
duration. The result isto enhance reease and downstream flow of mucus. Mucus
viscodadticity can be dtered mechanicdly aswel as chemicdly. HFCC isclinicdly sife
and effective in CF patients and the patient can independently perform.  Patient
acceptance and adherence with prescribed routine may be better with HFCC. In-patient
HFCC thergpy is d <0 effective, and dthough the initid equipment cost is high,
subsequent savingsin therapist time can be expected.

Exercise
Closely supervised exercise programs, encourage the patient to adhere to exercise
routines, and provides monitoring. Although, many CF patients are unable to maintain
prolonged, high-intengity programs, studies indicate that patients in regular exercise
programs have better lung function than less active patients and improved qudlity of life.



Aerobic fithess may be an indicator of disease status and prognosis. Thereisalower
mortaity among CF patients who exercise regularly, even when controlled for pulmonary
function. Oxygenation during exercise should be monitored. CF patients with mild lung
disease (FEV1 > 80% of predicted) will not have exercise-related desaturation. Petients
with severe pulmonary disease (FEV' 1 < 40% of predicted) are likely to experience both
hypoxia and hypercarbiawith exercise. These patients are at risk for adverse events
during exercise and should have close cardiopulmonary monitoring if they plan to
exercise. Continuous pogitive airway pressure or supplementa oxygen during exercise
may help these patients by reducing the work of bregthing. Once the patientsis cleared
for exercise he should be encouraged to exercise for at least 30 minutes, 3 times aweek.
The reduced deterioration of lung function related to exercise is seen only when
combined with routine airway clearance.

Noninvasve Ventilation
BiPAP hasincreasng vaue for “bridging the gap” between respiratory falure and lung
trangplant in CF patients. Nocturnal BiPAP reduces hypoxia, hypercarbia, and work of
breething and may enhance airway clearance and reduce pulmonary hypertension.

Lung Transplantation
Lung transplantation has become an accepted trestment for respiratory failure due to CF.
Effective means of patient selection surgicd technique, immunosuppression, and post-
trangplant management permit survival as good as that of trangplant patients with other
diseases. The new lungs do not acquire the CF ion transport abnormdlities but are subject
to the usua pogt-trangplant complications. CF problemsin other organ systems can
persst and may be worsened by some of the immunosuppressive regimens required to
prevent rgjection of the transplanted lung. Living donor lobar transplantation isa
procedure that involves the removal of alower lobe from each of two donors and
subsequent trangplantation into achild or smdl adult. Survivd rate post transport is as
must as 80-90% for one year and 60-70% for five years.

Research
The Cydtic Fibrosis research programs support investigator-initiated research grants
encompassing both fundamenta and clinica studies of the etiology, molecular
pathogenesis, pathophysiology, diagnosis, and treetment of cydtic fibrosis and its
complications.
Particular areas of emphasis of the program include the characterization of the cystic
fibrogs gene, its mutations, and the molecular mechanisms by which mutations cause
dysfunction. Studies of the cydtic fibrogs transmembrane regulator (CFTR) protein
encoded by the cydtic fibross gene, including its processing, trafficking, and folding, and
the mechanisms by which mutations dter CFTR trafficking and structureffunction. Also
elucidation of the pathways of dectrolyte transport in affected epithelia and the
relationship between CFTR and other epithelia ion channels. and elucidation of the
potentid roles of CFTR in transport of molecules other than chloride, podt-trandationd
processing of mucins and other proteins, exocytoss and recycling of cell membranes,
subcdlular organelle function, and other cdllular processes.
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Studies of the relationship between genotype and phenotype in cydtic fibrosis and
identification of genetic or environmenta factors which explain the varigble dlinica
presentations and severity of disease. Ddinegtion of the mechanisms underlying the
inflammation and infection characteridtic of cydtic fibrosis and how mutationsin the
cystic fibrosis gene and aterations in CFTR function result in inflammation and infection.
Research on other dinicd manifestations of cydic fibross, including the
pathophysologic mechanisms underlying manutrition and growth failure, impaired
fertility, liver disease, and overal physicd and psychosocid development, and
approaches to ameliorate the complications of cygtic fibross.

Development of potentia therapeutic approaches to modulating the trangport defect in
cydic fibross and to sabilize mutant CFTR and enhance it’ stargeting and integration
into the cell membrane isbeing sudied.  Also development of safe and effective
methods for gene thergpy. Development of anima or cdl models ussful for Study of
cydtic fibrogs and its therapy. Evauation of thergpeutic interventionsin cydtic fibrosisin
clinica sudies or anima modds.

Clinicd Trids
Gene Therapy
The god of gene therapy isto ddiver anorma copy of the CFTR geneto the cdlls that
need it. The DNA inserted into target cells should direct synthesis of the norma CFTR
protein and reverse the primary biochemical abnormality of CF. Introduction of the gene
should replace dl functions of the CFTR protein, including any that have not yet been
recognized. Choice of vector, mode of delivery to airways, trandocation of genetic
information, and sufficient expresson leve of the normalized CFTR gene are issues that
currently are being sudied. Clinicd trids are underway to eva uate the effectiveness of
tgAAV CF (Target Genetics adenoassociated virus cystic fibross). tgAAVCF uses an
AAYV vector to ddiver functiona copies of the CFTR gene directly into the lungs.
Because afaulty gene causes cydtic fibrods, adding norma copies of the geneto cdls
should correct these cdlls and ultimately cure the disesse.
Use of compacted DNA (non-vird) to introduce norma copies of the geneinto CF
arways. A Phase latrid demongtrated chloride current changesin the noses of CF
patients, but no evidence of gene expresson. The gene thergpy product is being
reformulated prior to additiond dlinicd tridsin an attempt to improve the amount and
duration of gene expression.

Protein Asss/Repair

Thistherapy is designed to correct the function of the defective CFTR protein made by
the CF gene to dlow chloride and sodium (salt) to move properly in cdlslining the lungs
and other organs.

PTC 124 isanovel, smal molecule compound, that promotes the read-through of
premature truncation codons in the CFTR mRNA. It has been demongtrated to be safe,
ordly avalable and well tolerated in Phase 1 sngle dose trid in hedthy volunteers. A
Phase 2 trid in CF patients conducted in the U.S. and Israel demondtrated safety and
encouraging biologicd reaults.
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VX-770isanew compound caled a"potentiator" that may act upon the CFTR protein
and help to open the chloride channd in CF cdlls. Phase 1 dosing has been completed in
patients. Researchers are evaluating results and Phase 2 has begun.

Correct abnorma processing of CFTR in the cell. Curcumin appears to work in some
grains of CF mice but not al. A previous Phase 1 trid in CF patients did not show
correction of CFTR. A follow-on study at a higher doseis ongoing to confirm these
findings.

S-Nitrosoglutathione (GSNO) levels are low in the lungs of CF patients. GSNO has been
shown to promote trafficking of deltaF508 CFTR in some, but not al, tests on cultured
cdls. Nitrox LLC is developing inhded GSNO for CF and is presently carrying out
required preclinica safety sudies aswell as formulation studies.

CFTR Modulators including Correctors and Potentiators. These screening programs are
in the research phase to identify correctors of the CFTR trafficking defect and additional
potentiators of CFTR-mediated ion transport.

Restore Salt Transport

The god of this gpproach isto hydrate thick CF mucusin the lungs by correcting the
amount of sdt (sodium & chloride) dong the cdll surface.

Denufosol was a recently completed Phase 2 trid to determine the effect of drug on
pulmonary function in CF patients demondtrated efficacy. A Phase 3 trid has begun.
SPI-8811 an ora agent believed to bypass trangport defect of chloride ions. Initid Phase
2atrid evaduating safety and efficacy.

Parion 552-02 is thought to correct the CF ion transport defects by acting primarily on
abnormal sodium regbsorption. Phase 1 tridsin norma volunteers and asingle dose
Phase | trid and aPhase |l trid in CF patients are compl ete.

Inhaled Moli1901 is designed to correct the chloride channel transport problem in CF
cdls. A Phase 1 trid demonstrated safety. Placebo-controlled, multi-dose, dose-ranging
Phase |1 trid in Europe demondrated positive changes in pulmonary function with
highest dose.

Mucus Treatment

The following studies are being evauated for their effectivenessin thinning and clearing
the thick mucus from the airways.

Pulmozyme was the first drug developed specificdly for CF in 30 years and was
approved by the FDA in 1993; it became availablein 1994. It iscurrently being used by
more than 18,000 U.S. patients. Clinicdl trids were conducted in the CFF s care center
network.

Hypertonic Sdine— A CF Foundation-supported study in Austraia showed hypertonic
sdineto be safe and effective in adults with CF, helping clear mucus and leading to
better lung function. The drug is now being evauated for safety and effectivenessin
younger people with CF.

Anti- Inflammeatory
Anti-inflammatory drugs are being sudied for their ability to reduce inflammation in CF

lungs.
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Ora N-acetylcysteine, an antioxidant, replenishes glutathione levelsin neutrophils.
Placebo-controlled 12-week study at Stanford Univ. demonstrated decreasesin
inflammatory cdllsin lung and postive indications of changesin pulmonary function.

People with CF gppear to have lower than normd levels of DHA, afatty acid that may be
important to protecting the body againgt inflammation. A lack of DHA in people with CF
may contribute to increased inflammation in the lungs. Filot Sudy to examine effect of
infant formulafortified with DHA on pathogenesis of CF in 120 newly diagnosed

patients a 16 centers began in 2003.

Low-dose Methotrexate; Pioglitazone; Hydroxychloroquine are approved therapies
(approved for non-CF indications) are being evauated in exploratory Phase 1 tridsin CF
to determine if they are tolerated and if anti-inflammatory effects are seen.
SmvadatinisaHMG-CoA reductase inhibitor that increases nitric oxide (NO)

production in cultured CF epithdia cdlls. Investigators are eva uating whether

smvadatin increases exhded NO production in CF patients, synthesis of pro-
inflammeatory cytokines and whether measures of inflammation in the upper respiratory
tract correlate with those from the lower respiratory tract.

Inhaled Glutathione A Phase 1 tria of inhaled glutathione began in Germany in mid-2007.
HE-2000 is a hormone that may help to regulate the immune system, which isin
“overdrive’ in CF lungs. An ora immune-regulating hormoneisin preclinica testing.

Anti-Infective

The following drugs are being sudied for ther effectivenessin fighting lung infections
for people with CF.

TOBI aerosol antibiotic received FDA approval in 1998. Currently is being used by
more than 15,000 patients worldwide. Bendfit a first Sgn of Pseudomonas infection is
being evauated.

Azithromycin in patients with chronic PA, this ora antibiotic improved lung function and
weight gain, and decreased hospitdization rate. Two follow up studies are in progress.
Aztreonam, a Phase 3 trid is complete with severa other Phase 3 studies of the
aerosolized form of aztreonam, awiddy used IV antibiotic in CF, ongoing; drug may be
ready for market.

TIP (TOBI Inhaled Powder).developing TOBI as a powder to enable afaster, more
convenient dosing regimen. Dosing of TIP will take afraction of the time of liquid TOBI.
Aninhaed verson of the antibiotic ciprofloxacin is being developed for treatment of
arway infections.

SLIT-amikacin isaliposomd formulation of the antibiotic amikacin. Anima modd
studies have shown it to decrease the PA burden in the lung.

MP-610.205 is a bacterid efflux pump inhibitor that may increase the effectiveness of
antibiotics in the trestment of chronic and acute bacterid respiratory infectionsin CF. A
sngle-center Phase 1b clinicd trid did not reved safety concerns with the aerosolized
product in CF patients.

Kaobios KBOO1 inaPhase | dinicd trid has been initiated to test the safety of this
antibody approach for the treatment of Pseudomonas aeruginosa lung infections.

Severd companies are in preclinica development of pseudomonas vaccines.
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Lung Transplant Drugs
A lung trangplant drug is currently being evauated to help improve the chances of

successful transplants.

Inhaled formulation of cyclosporine was tested in arandomized placebo controlled trial.
The group treated with inhaled cyclosporine showed a sgnificant decrease in number of
deaths and the development of chronic rgection. An additiond clinical trid has been
requested by the FDA before this drug is approved for clinical use.

Despite the advancements in our understanding of the pathogenesis of CF, it remainsa
potentiadly devadtating disease. Antibiotic thergpy remains to be the halmark of
management in CF patients that have chronic lung disease in an attempt minimize or
eliminate lower respiratory tract infections, drug resstanceis agrowing problem. New
antibiotics, new ways of using old antibiotics and new thergpeutic modadlities under
development such as gene therapy, will offer improved outcomes in patients with CF.
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