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NEED ASSESSMENT
Cystic fibrosis (CF) is an autosomal
recessive genetic disorder caused by

mutations in the CFTR gene, which produce
a dysfunctional or absent CFTR protein, a
chloride channel essential for proper ion and
water transport in epithelial tissues. The disease
affects multiple organ systems, including the
lungs, pancreas, upper airways, liver,
intestines, and reproductive organs, with
variable severity depending on the specific
mutations and  environmental  factors.
Diagnosis of CF requires clinical evidence,
such as a positive newborn screening, a
sibling with CF, or

typical clinical

manifestations, and objective sweat
chloride concentration (=60 mmol/L on two
separate occasions), identification of two
pathogenic CFTR mutations, or abnormal

electrophysiological findings, such as those

obtained through nasal potential difference

(NPD) or intestinal current measurement

(ICM). Management should be conducted at
specialized cystic fibrosis centres that
provide multidisciplinary care, in close
coordination with the patient's primary care
physician. With advancements in treatment,
of CFTR

median life

especially the development

modulator therapies, the
expectancy for individuals with CF in high-
income countries has increased significantly,
now often exceeding 40 years, with some
patients living into their 50s and beyond.
Early diagnosis and  personalized,
optimized treatment regimens are critical for
prolonging survival and enhancing the quality

of life for individuals living with cystic fibrosis.

OBJECTIVES

» Describe the epidemiological charactet-
istics  of Cystic Fibrosis, including
incidence, prevalence, genetic distribution,

and demographic patterns across different



E——

: """wor[/f.{ "

populations.

» Explain the clinical manifestations of
Cystic Fibrosis, highlighting the signs and
symptoms associated with involvement of
the respiratory, gastrointestinal, endocrine,
and reproductive systems.

» Analyze the genetic and molecular
causes of Cystic Fibrosis, with emphasis

their

on CFTR gene mutations and

pathophysiological ~ consequences  on
epithelial cell function.

» Discuss the diagnostic strategies used
in the evaluation of Cystic Fibrosis,
including newborn screening protocols,
sweat chloride testing, genetic analysis, and
electrophysiological tests such as nasal
potential difference and intestinal current
measurement.

» Identify the primary therapeutic targets
in the management of Cystic Fibrosis,

clearance, infection

including  airway

control, nutritional support, pancreatic
enzyme replacement, and modulation of

CFTR protein function

GOAL

The goal of this article is to provide a
comprehensive overview of cystic fibrosis by

addressing its epidemiological prevalence,

current  evidence-based management
strategies, ongoing research
advancements, and the latest clinical
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guidelines for the effective care and treatment

of individuals affected by this condition.

INTRODUCTION

Cystic fibrosis (CF) is a chronic, autosomal

recessive genetic disorder that
predominantly affects the respiratory system,
pancreas, gastrointestinal tract, and liver. In
the respiratory tract, defective CFTR protein
function leads to thick, dehydrated mucus,
resulting in airway obstruction and increased
susceptibility to  recurrent
These

neutrophil-dominated

respiratory

infections. infections trigger a
inflammatory
response, which contributes to progressive
lung damage, including bronchiectasis, and
ultimately leads to respiratory failure and

premature death.

In addition to chronic infection and

inflammation, bronchial hyper-reactivity
(BHR) and airway instability are observed in
up to 50% of individuals with CF, often
independent of atopic status. Although life
expectancy and prognosis have improved
with advances in care, progressive pulmonary
disease remains the leading cause of
morbidity and mortality in CF. Lung damage
also severely impacts quality of life, making
slowing the progression of lung disease a

critical target in CIFF management.

Despite extensive research over the past two

decades, an ideal anti-inflammatory therapy
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tor CF has yet to be identified. Notably, airway
inflammation can begin early in life, even in
the absence of clinical symptoms or positive
bacterial cultures. While inflammation is a key
component of host defence, the exaggerated
inflammatory response characteristic of CF
disease’s

contributes  significantly to the

morbidity and eventual mortality.

Cystic fibrosis (CF) is the most common
life-limiting autosomal recessive genetic
disorder, affecting approximately 70,000
individuals worldwide. It is characterized
primarily by chronic pulmonary infection
and recurrent pulmonary exacerbations
(PEx), which are

declining lung function, reduced quality of

key contributors to
life, and premature mortality. The leading
cause of death in individuals with CF is
respiratory failure secondary to end-stage

lung disease.

Beyond the pulmonary manifestations, CF is a
multisystem  disorder associated with

numerous complications, including:

> Chronic sinusitis

> Pancreatic insufficiency

> Distal intestinal obstruction syndrome
(DIOS)

> CF-related liver disease and biliary
cirrhosis

> CF-related diabetes mellitus (CFRD)

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

Osteopenia/osteoporosis
Renal dysfunction

Infertility

vV Vv VY V

Mental health disorders such as anxiety

and depression

In the 1960s,

individuals with CF was approximately 5 years.

the median survival for

Thanks to advances in multidisciplinary care,
particularly in specialized CF centres, and
clearance

improvements  in  airway

techniques, nutritional support, and
antibiotic therapy, the predicted median
survival for individuals born in 2019 has risen
to 48.1 years. Despite this remarkable progress,
life expectancy for individuals with CF remains
significantly below that of the general
population, and chronic morbidity persists

throughout life.

Current therapeutic approaches largely address
the consequences of CF rather than its
underlying  genetic cause.  Standard
treatments include antibiotics, pancreatic
enzyme  replacement therapy, and
mucolytic agents. While CFTR modulators
have provided transformative benefits for
subsets of patients with specific mutations,
and

there 1is still no wuniversal cure,

significant  unmet needs  remain,
highlighting the urgent need for continued
research and innovation in CF therapy and

care delivery.
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Cystic fibrosis (CF) is one of the most

common autosomal recessive genetic
disorders affecting individuals worldwide,

particularly those of European ancestry.

Prevalence and incidence:

> CF affects approximately 70,000 to 100,000
individuals globally.

> The highest prevalence is observed in”

Caucasians of Northern European

descent, with an incidence of:

e ~1in 2,500 to 3,500 live births in the

United States
e ~1in 2,000 to 3,000 in Europe

e Significantly less common in
populations of Asian, African, or
Indigenous descent, with incidence

rates as low as 1in 15,000 to 100,000.

Carrier frequency:

> About 1 in 25 individuals of European
descent is a carrier of a CFTR gene
mutation.

> Carrier rates are lower in other ethnic

groups but are still significant.

Age of onset:

> Most cases are diagnosed in infancy or
early childhood, especially in countries

with universal newborn screening.

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

> Median age of diagnosis in the U.S. is

currently 6-8 months.

Gender distribution:

> CF affects males and females equally, as
it is not linked to sex chromosomes.

> However, females may have a slightly
worse prognosis, potentially due to

hormonal influences and differences in lung

microbiota.

Mortality and Survival:
> In the 1960s, median survival was under 10
years.

> As of recent data:

e In the U.S,, median predicted survival

for individuals born in 2019 is

approximately 48.1 years.

e Some individuals live into their 50s or
60s, especially with early diagnosis,
multidisciplinary care, and CFTR
modulator therapies.

> Lung disease remains the leading cause
of death,

often due to progressive

respiratory failure.

Global Disparities:

> In low- and middle-income countries,
diagnosis is often delayed or missed, and
survival rates are significantly lower due to
limited access to specialized care and

medications.
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In the United States, approximately 1,000
new cases of cystic fibrosis (CF) are
diagnosed each year. Before widespread
newborn screening (NBS) programs were
implemented, most diagnoses were made based
on clinical symptoms or family history. The
clinical presentation typically reflects the
multisystem involvement characteristic of
CF, including respiratory, gastrointestinal, and
nutritional manifestations.

Following recommendations by the Centers
for Disease Control and Prevention (CDC),
all US. states adopted NBS for CF,
significantly altering diagnostic trends. As a
result, nearly two-thitrds of all new CF
diagnoses are now made through newborn
screening.

Early detection through NBS has been linked
to improved nutritional outcomes in infancy
and potential benefits in long-term
pulmonary function. In addition to NBS,
prenatal catrier screening is available and
may identify at-risk pregnancies; however, it
contributes to only a minority of CF
diagnoses.

The impact of NBS and prenatal screening
on overall incidence rates remains unclear.
Variations in reported data may reflect shifts in
racial and ethnic demographics, regional
differences in screening practices, or evolving

diagnostic criteria over time.
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A 2022 study found that an es+.ma+ed 1 62.428
people globally have cystic fibrosis (CF). with 657

|
i

being identified and 127, receiving triple combination

medications. Additionally, 57.076 people remain

vndiagnosed.

Cystic fibrosis (CF) is a

multisystem genetic disorder resulting from

complex,

mutations in the CFTR (Cystic Fibrosis
Transmembrane Conductance Regulator)
gene located on chromosome 7q31.2. The
CFTR protein operates as a chloride and
bicarbonate ion channel in epithelial cells and
plays a crucial role in maintaining fluid and
electrolyte balance across epithelial surfaces
in multiple organs,

including the lungs,

pancreas, intestines, and reproductive system.

Pathogenesis at the Molecular Level
« CFTIR

Over 2,000 mutations have been identified
in the CFTR gene, with AF508 (deletion of
phenylalanine at position 508) being the

Gene Mutations:

most common. This mutation impairs

folding and intracellular

proper

trafficking of the CFTR protein, resulting

in its degradation or dysfunctional
expression at the cell surface.

o Defective Ion Transport:

Malfunctioning CFTR proteins lead to

chloride

and

reduced and bicarbonate

secretion increased sodium
absorption through the epithelial sodium

channel (ENaC). This disrupts osmotic

balance and water movement across
epithelial linings.
o Dehydrated Mucosal Secretions:

The resultant ion and fluid imbalance
causes epithelial secretions to become
abnormally thick and viscous, impairing
mucociliary clearance. These dehydrated
secretions accumulate in ducts and lumens
of affected organs, setting the stage for
infection, and

obstruction, chronic

progressive organ damage.

e Impaired Mucociliary Clearance:
Thick, dehydrated mucus resulting from
CFTR

mucociliary transport, leading to mucus

defective function  impairs
retention in the airways.

e Chronic Airway Infections:
The

favourable

accumulated mucus provides a

niche for  persistent
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colonization and infection, especially by (bronchiectasis), and fibrosis, ultimately
organisms such as Psexudomonas aernginosa and progressing to respiratory failure.

Staphylococcus anreus.

Defected CFTR Protein

Malfunction in Cell
Membrane

Located in Cell Membrane

Cannot transport Chlorige cannot transport Fails to inhibit Sodium
Tons Bicarbonate Tons Channels ENaC

Functions as a Chloride

Channel l

h 4

Excessive Sodium and
Water Reabsorption INTO
the cell

R S —

Lack of Water on Cell
Surface

|

Mucus becomes Thick,
Sticky, Dehydrated, and
Acidic

!

Mucus Clogs Airuays,

Chloride trapped INSIDE Bicarbonate trapped TNSTDE
the cell the cell

4

Pumps Chleride Tons QUT of
the cell

Creates Electrical Gradient

Ducts, Glands

Drawswalteruuto.fthe:eu / l \
m LungS: Chronic n Pancreas: Malabsorption n er Organs: e.g., iver
— fecions ana Bt R e

Clear, Flowing Mucus &

Proper Fluid Balance \ /

/ \ Dverall Result: Prcgressi\/e
Prevents Mucus Buildup in Ensures Proper Digestion & D@;l;iz::g::nd
Airways, Pancreas, ete. Respiration
Complications:

e Neutrophil-Dominated Inflammation: ~ ® Persistent Respiratory Symptoms:
The immune response to these infections is Individuals ~ with  CF  commonly
characterized by excessive neutrophilic experience chronic productive cough,
infiltration, leading to the release of dyspnoea, and frequent wheezing.

proteases and reactive oxygen species that ~® Upper Airway Involvement:

damage airway tissues. CF is associated with nasal polyps and
e Airway Remodelling and chronic rhinosinusitis due to impaired
Bronchiectasis: mucus drainage.

Chronic inflaimmation and infection cause © Pulmonary Exacerbations:
structural changes in the airway, Recurrent episodes of acute worsening

including bronchial wall thickening, dilation of respiratory symptoms (e.g,
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increased cough, sputum production, and

dyspnoea), known as pulmonary
exacerbations, are a hallmark of CF and
contribute significantly to lung function

decline.

Progressive Lung Function Decline
and Mortality:

lung disease remains the leading
cause of morbidity and mortality in
CF, with respiratory failure being the

most common cause of death.

Pancreatic Involvement:

e Exocrine Pancreatic Insufficiency:

Obstruction of the pancreatic ducts by
thick, viscous secretions leads to
impaired enzyme secretion, resulting
in exocrine pancreatic insufficiency
(EPI) in approximately 85-90% of
individuals with CF.

Nutrient Malabsorption:

EPI causes malabsorption of fat and
fat-soluble vitamins (A, D, E, and K),
leading to steatorrhea, failure to thrive,
and poor weight gain, especially in
infants and young children.

CF-Related Diabetes Mellitus
(CFRD):

Chronic pancreatic inflaimmation and

tibrosis can progressively damage insulin-

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

producing B-cells, resulting in CF-

related diabetes mellitus, a unique
of
characteristics of both type 1 and type 2

form diabetes that shares

diabetes.

Hepatobiliary Involvement:

Biliary Obstruction:

Thickened biliary secretions may impair
bile flow, causing focal biliary cirrhosis,
and in some cases, progressing to CF-
related liver disease (CFLD), which
may include portal hypertension and
hepatic steatosis.

Screening and Monitoring:

Routine monitoring of liver enzymes and
ultrasound imaging is essential for early

detection and management of CFLD.

Intestinal Involvement:

Meconium Ileus:

In neonates, meconium ileus (intestinal
obstruction due to thick meconium) is
often the first manifestation of CF,
occurring in about 10-20% of affected
newborns.

Distal Intestinal Obstruction
Syndrome (DIOS):

In older children and adults, DIOS
results from partial or complete blockage
of the ileocecal region due to dehydrated
and thick mucus,

faecal material
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presenting  with  abdominal  pain,

distension, and vomiting.

¢ Gut Dysbiosis:
Alterations in the intestinal microbiome
(gut dysbiosis) are common and may
play a role in chronic inflammation,
immune dysregulation, and nutrient

malabsorption.

MUSCULOSKELETAL SYSTEM

In individuals with cystic fibrosis (CF), chronic

systemic inflammation, malabsorption of
essential nutrients (particularly calcium and
vitamin D), and long-term corticosteroid use
contribute  to  the  development of
musculoskeletal complications. These include

which

significantly increase the risk of fractures,

osteopenia and  osteoporosis,

particularly  in  weight-bearing ~ bones.
Additionally, muscle wasting is commonly
observed and is attributed to both the
catabolic effects of chronic illness and
nutritional deficiencies, further
compromising physical function and quality of

life.

Cystic tibrosis significantly ~ impacts

psychosocial and neurological health due to the

chronic burden of disease and frequent

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

hospitalizations, leading to high rates of anxiety
and depression, particularly in adolescents and
adults. While cognitive function is generally
preserved, it may be indirectly affected by
chronic hypoxia, systemic inflammation, or
prolonged illness. In terms of reproductive
health, over 95% of males with CF exhibit
congenital bilateral absence of the vas deferens
(CBAVD),
infertility,

resulting in azoospermia and

although assisted reproductive
technologies can offer options for fatherhood.
Females with CF may experience subfertility
due to thick cervical mucus, but many can
conceive, especially with optimized health and
multidisciplinary care. At the immunological
level, chronic neutrophil-dominated
inflammation leads to excessive release of
neutrophil elastase, causing progressive lung
tissue degradation. Additionally, the inability to
effectively resolve inflammation contributes to
ongoing tissue damage, and systemic
inflammatory spillover can negatively affect
nutritional status, bone density, and overall

immune regulation.

Cystic fibrosis is often classified based on the

mutations, severity, and presentation of the

disease, particulatly in terms of symptoms and

how early or severe the disease manifests,

including:

I. Classification by CFTR Mutation
Mechanism
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e CFTR mutations are grouped into six
functional classes, depending on how they

affect the CFTR protein production,

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

I1. Classification Based on Clinical

processing, or function:

Mechanism of |Effect on :
Class 3 | Severity
Dysfunction | CFIR protein
Class I Defective protein No CFTR Severe
production protein is (classic CF)
produced
Class I1 Defective protein CFTR proteinis |Severe
processing misfolded and |(classic CF)
degraded
intracellularly
(e.g, F508del)
Class III Defective regulation | CFTRreaches |Severe
(gating mutations) the cell surface |(classic CF)
but is non-
functional
Class IV Defective chloride CFTR is present |Milder
conductance and activated, |disease
but has
reduced ion
flow
Class V Reduced protein Less functional |Milder
synthesis or CFTRis disease
processing produced
Class VI Increased CFTR CFTR reaches |Variable
(less turnover/degradation | the surface but |severity
commonly is unstable
referenced)
CLINICAL IMPLICATIONS:

® Genotype e-Phenotype correlation:
Knowledge of the CFTR class helps to
predict disease severity, guides
prognosis, and inform therapy selection
(e.g, CFTR modulators)
® Precision Medicine Approach:
Some CFTR modulators
(e.g. ivacaftor, lumacaftor, g
elexacaftor) are mutation \°
class-specific (‘ :
Patients with class III or ' = -
IV mutation may benefit
significantly from CFTR
potentiors

Severity
Associated
Mutation Class I, II,III Class IV, V
Classes
Onset Early onset Later onset

Pancreatic
Function

Pancreatic sufficiency

Pancreatic insufficiency (in many cases)

Milder or variable
respiratory symptoms

Respiratory
Involvement

Recurrent pulmonary
infections

Often less severe or
absent

Nutritional
Issues

Malabsorption, poor
weight gain

Male infertility
Reproductive | (e.g., obstructive

May present with
isolated infertility (e.g.

Impact azoospermia) CBAVD)

Overall More severe, progressive |Variable, often milder
Disease course progression

Course

MAJOR CAUSES AND CLINICAL
INDICATORS OF CYSTIC
FIBROSIS

Cystic Fibrosis (CF) is a genetic disorder
inherited in an autosomal recessive pattern
caused by mutations in the CFTR (Cystic
Fibrosis Transmembrane Conductance
Regulator) gene. These mutations lead to
dysfunctional chloride channels, resulting in
thick, viscous secretions affecting multiple

organs.
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Mutations in the CFTR gene exclusively cause
cystic fibrosis (Cystic Fibrosis Transmembrane
Conductance Regulator) gene, which encodes a
protein critical for chloride and bicarbonate ion
transport across epithelial membranes. These
mutations impair CFTR protein function,
disrupting salt and water balance in tissues and

resulting in the accumulation

More than 2000 different mutations in the
CFTR gene have been identified, though not all
cause disease. Mutations are grouped into five
tunctional classes based on how they impair
CFTR protein synthesis,

processing, or

function.

~ Types of CFTR

Class I - Premature stop No CFTR protein is
Defective codons prevent full | produced.
Protein Synthesis | CFTR protein
formation.
Class II - Abnormal post- CFTR is misfolded
Defective Protein | translational folding |and degraded
Processing and trafficking before reaching the
(eg, AF508 cell surface.
mutation).
Class III - CFTR reaches the | Channel does not
Defective surface but fails to | open properly - no
Regulation respond to signals. | chloride flow.
(Gating
Mutations)
Class IV - CFTR s at the cell Diminished chloride
Defective surface but has flow.
Chloride reduced ion
Conductance transport efficiency.
Class V — Reduced synthesis |Lower levels of
Reduced due to splicing normal functioning
Protein defects or promoter | CFTR protein.
Production mutations.

11

@ Note: Some experts identify
b7

a sixth class involving
accelerated channel
turnover, leading to

T decreased CFTR stability at

/ the membrane.
e

Regardless of class, the net effect is reduced or

absent chloride transport, leading to viscous
secretions that cause multisystem involvement,

especially in the lungs and gastrointestinal tract.

Cystic fibrosis is a chronic, inherited disease that
affects the cells that produce mucus, sweat, and
digestive juices. These secretions are usually thin and
slippery, but in CF, they become thick and sticky. This
sticky mucus can block tubes, ducts, and
passageways in various organs, leading to a range of
complications.

SYMPTOMS:

Lung problems
Digestive issues
Salty-tasting skin
Delayed growth
And in males, infertility due to blocked vas deferens.
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CF is inherited in an autosomal recessive

mannert:

e Every individual inherits two copies of the

CFTR gene—one from each parent.

e CF develops only when a person inherits
two mutated CFTR genes (one from each

parent).

e A person who inherits one normal and one
mutated CFTR gene is called a carrier:
o Carriers usually do not show symptoms
of CF.
o However, they can pass the mutated gene
to their children.

Genetic Counselling Consideration:

e Carrier testing is crucial for families with a

history of CF.
e Siblings of affected individuals have a 25%

chance of being affected, a 50% chance of
being carriers, and a 25% chance of being

unaffected and non-carriers.

If both parents have a normal CFTR gene and a mutated
CFTR gene, each of their children has a:
« 25% (1in 4) chance of inheriting two normal CFTR
genes

« 50% (1in 2) chance of being a cystic fibrosis carrier,
because they inherit one normal gene and one
mutated gene

« 25% (1in 4) chance of inheriting two genes with
mutations and having cystic fibrosis

. Mutated CFTR
gene

Normal CFTR
gene

Identifying and addressing these cystic fibrosis
risk factors helps in the diagnosis and
management. The following are the cystic

fibrosis risk factors:

o Family history: One of the leading risk
factors for cystic fibrosis (CF) is having a
family history of the condition, which
means it is inherited when both parents
carry the faulty CF genes, as it can be passed

to the next generation.

« Cystic fibrosis genetics: Cystic fibrosis is
an autosomal recessive disease, meaning
individuals must inherit two defective

copies of the CFTR gene, one from each

parent, to develop the condition.

o Ethnicity: CF can affect anyone, and the
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specific gene mutations that cause CF alsoe
differ according to geographic region and
ethnic background. Some ethnicities have a4
higher carrier rate of the cystic fibrosis gene
mutation, which increases the risk of

passing on the condition. o

Ethnicity Specific Carrier Rates

Approximate
Carrier Rate

1in 25

1in 29

1lin 46

1in 65

1in 90

. Meconium Ileus

Occurs in of

approximately 15-20%
newborns with CF.

Presents with intestinal obstruction due to
thickened, sticky meconium.

May be diagnosed prenatally via
ultrasonography (e.g., echogenic bowel,
dilated loops).

Strongly suggestive of CI: all neonates
with meconium ileus should be evaluated

for CF.

2. Gastrointestinal Anomalies in Neonates

13

Intestinal atresia and volvulus (twisting of
the intestine) may co-occur with CF.
Such should CFTR

mutation analysis or sweat chloride testing

neonates undergo

as part of the diagnostic workup.

1. Hyperchloremic Alkalosis (Salt-Wasting

Syndrome)
e DPresents with metabolic alkalosis,
hyponatremia, hypochloraemia, and

dehydration, often without vomiting.
like

syndrome, but is due to excessive salt loss

May mimic conditions Bartter

in sweat in CF patients.

2. Chronic Liver Disease

focal cirrhosis

e Includes

biliary or
multilobular cirrhosis, resulting from bile

duct obstruction by thick secretions.
May lead

hypertension, or liver failure in severe cases.

to  hepatomegaly, portal

3. Prolonged Neonatal Jaundice (Icterus)

Persistently elevated bilirubin in neonates

may be an early hepatic manifestation of CF.

Should prompt evaluation for CF when no

other cause is evident.

4. Obstructive Azoospermia
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e Caused by congenital bilateral absence of
the vas deferens (CBAVD), often the sole
manifestation in males with mild CF or

CFTR-related disorders.

Identified during infertility workup in adult

males.

Cystic Fibrosis (CF) is a complex, autosomal
recessive, multisystem disorder resulting
trom mutations in the CFTR (Cystic Fibrosis
Transmembrane Conductance Regulator)
gene. These mutations disrupt the function of
the CFTR protein, a critical chloride channel
found on the epithelial surfaces of exocrine
glands. The impaired chloride transport leads
to  abnormal sodium and  water
reabsorption, producing thick, dehydrated,
and viscous secretions across various organ
systems, most notably the respiratory tract,
pancreas, hepatobiliary system,
gastrointestinal tract, and reproductive

system.

The resulting pathophysiological changes are

characterized by:

>

Airway obstruction, chronic infection, and
inflammation in the lungs

Malabsorption and nutritional
deficiencies due to exocrine pancreatic
insufficiency

Progressive hepatobiliary dysfunction

14

> Infertility, primarily due to obstructive
azoospermia in males
» Electrolyte disturbances, such as salt-

wasting and metabolic alkalosis

The severity and clinical spectrum of CF
vary widely among individuals, depending on
the specific CFTR mutations involved, the level
of residual protein function, environmental

exposures, and the influence of modifier genes.

Poor airflow

(CE)
pulmonary function due to thick, sticky mucus

the

prone

Cystic  Fibrosis significantly impacts

obstructing alrways,  creating  an

environment to infection and

inflammation. A chronic productive cough is
often one of the earliest and most persistent
symptoms, in

typically  beginning early

childhood. Recurrent respiratory infections
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are common, driven by mucus stasis and
colonization by pathogens such as Pseudomonas
aernginosa, which contribute to progressive lung

damage.

Bronchiectasis, or irreversible airway dilation,
is a hallmark feature visible on imaging studies
and results from persistent inflammation and
infection. Many individuals  experience
wheezing and dyspnea, which may be
mistaken for or coexist with asthma, further

complicating diagnosis and management.

Upper respiratory tract involvement is also

common, with nasal polyps and chronic

sinusitis  frequently = observed. = These
symptoms can contribute to breathing
difficulty and reduced quality of life.

Additionally, digital clubbing, a physical sign

of chronic hypoxia, is often noted in
longstanding disease and serves as an external

marker of underlying pulmonary compromise.

Gastrointestinal complications are prominent
in cystic fibrosis (CF), primarily due to the
obstruction of exocrine ducts by thick mucus
secretions. Exocrine Pancreatic Insufficiency
(EPI) occurs in approximately 87% of patients,
resulting from blocked pancreatic ducts that
hinder the release of digestive enzymes. This

leads to steatorrhea characterized by bulky,

15
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greasy, and foul-smelling stools, due to fat

malabsorption.  Consequently,  fat-soluble
vitamin deficiencies (A, D, E, and K) are
common, manifesting as complications such as
anaemia from vitamin E  deficiency,
coagulopathy from vitamin K deficiency, and
bone demineralization or rickets from vitamin-
D deficiency. Malnutrition and growth failure
are frequently observed, driven by chronic
nutrient loss and the increased energy demands
of managing chronic infections. Some patients,
especially those with residual CFTR function
and pancreatic sufficiency, may develop
recurrent or chronic pancreatitis. A key
diagnostic marker of pancreatic insufficiency in

CF is a low faecal elastase level.

Cystic fibrosis (CF) significantly affects the
reproductive system, particularly in males, due
to the impact of CFTR mutations on the
development and function of reproductive
ducts. The effects vary between sexes and are

more pronounced in males.

Male Reproductive Impact

« Obstructive Azoospermia

o Occurs in approximately 99% of males

with CF.
o Caused by Congenital Bilateral
Absence of the Vas Deferens
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(CBAVD), a condition where the vas
deferens fails to develop, leading to
blockage of sperm transport.

Although

normal, the lack of a transport pathway

spermatogenesis is often

results in infertility.

o Male Infertility

@)

the

feature in individuals with non-classic

Frequently, initial presenting
(mild) CF phenotypes may lack overt
pulmonary or gastrointestinal- symptom.
Assisted

(ART), such as sperm retrieval combined

reproductive  technologies

with in vitro fertilization (IVF), can offer

tertility solutions.

Female Reproductive Impact
o Subfertility

@)

o

Many women with CF have preserved
ovarian function and can conceive.
However, thickened cervical mucus,

chloride

transport, may impair sperm penetration

resulting  from  defective
and reduce fertility.

Fertility may also be affected by poor
health,

complications from pulmonary disease.

overall malnutrition,  or

Cystic Fibrosis affects multiple organ systems

beyond the lungs and pancreas. These systemic
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manifestations are often a result of chronic

malabsorption, exocrine gland dysfunction,

and altered fluid and electrolyte transport.

Electrolyte Imbalance
« Hyperchloremic Metabolic Alkalosis

(e]

o

Occurs due to excessive salt loss
through sweat (high chloride and
sodium content), especially in hot
climates or during fever.

Leads to dehydration, hypokalemia,
and  hypochloraemia, potentially
resulting in weakness, fatigue, or heat-
related complications.

children

particularly vulnerable to salt depletion

Infants and young are

crises.

Hepatobiliary Involvement
o CF-Associated Liver Disease (CFLD)

o

Focal biliary cirrthosis is the earliest

hepatic  manifestation, caused by
inspissated bile obstructing intrahepatic
bile ducts.

Progression may lead to multilobular
cirrhosis, hepatic fibrosis, and
ultimately portal hypertension.
Complications include splenomegaly,
hypersplenism, variceal bleeding, and

in severe cases, hepatic failure.

Vitamin and Trace Element Deficiency
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« Fat-Soluble Vitamin Deficiency (A, D, E,
K):
o Results from fat malabsorption due to

pancreatic insufficiency.

Vitamin A: Night blindness, impaired

immunity.

Vitamin D: Rickets in children,

osteopenia/osteoporosis in adults.

Vitamin E: Neuromuscular disorders,

haemolytic anaemia.

Vitamin K: Coagulopathy and bleeding

tendencies.
« Zinc Deficiency:

o Presents as acrodermatitis or other

dermatologic manifestations.
o Contributes to poor wound healing,

impaired growth, and immune

dysfunction.

Multi-organ disease manifestations in
cystic fibrosis.

» Airway obstruction

.« Infection & Inflammation
|« Bronchiectasis

'« Parenchymal loss

e
- Sinusitis

« Mechonium il
lechonium ileus « Nasal Polyps

(M1)
L 2

Constipation
Gastroesophageal
reflux disease (GERD)
Distal Intestinal
Obstruction syndrome
(DIOS)

« Pancreatic
insufficiency

« Pancreatic cysts

« CF-related
diabetes

(5]

(%3 » Congenital bilateral
\‘ | absence of vas
Q I (]

deferense

« Biliary cirrhosis
« Gallstones
« Hepatic steatosis

[ 4

e

% + Nephropathy

« Dermatitis

« Elavated sweat
chloride
concentration

(]
« Osteoporosis
« Arthritis
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Pulmonary infections are a hallmark of cystic
tibrosis (CF), driven by persistent colonization
and recurrent infections with specific bacterial
pathogens. The most common organisms
involved in endobronchial infections include
Staphylococcus aurens, Haemophilus influenzae, and
Psendomonas aernginosa. Over time, many patients
develop colonization with multidrug-resistant
strains of Pseudomonas, and in some cases, with
more rare and virulent pathogens such as
Burkholderia cepacia complex, Achromobacter spp.,
atypical

mycobacteria, posing serious therapeutic and

Stenotrophomonas — maltophilia,  and

infection control challenges.

There is variation in clinical practice regarding
prophylaxis. While some centres advocate for
early prophylactic antibiotic

use against

Staphylococcus - anrens, others opt for a more

the

selection pressure for Pseudomonas and other

conservative approach to minimize
resistant organisms. Regardless, there is a broad

consensus that exacerbations

pulmonary

require  prompt  antibiotic  treatment.
Exacerbations typically present with increased
coughing and sputum production, a decline in
pulmonary  function, and  occasionally
radiographic or laboratory changes. Notably,
fever is uncommon, and viral triggers are
frequent. Standard therapy involves culture-
guided antibiotics administered over 14-21

days. Unfortunately, in approximately 25% of
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patients, lung function fails to return to baseline

despite treatment.

Common Pathogens in CF Pulmonary Infections

Pathogen Notes

Common in early
childhood infections

Staphylococcus aureus

Haemophilus influenzae Often seen in early

colonization

Pseudomonas aeruginosa | Key pathogen in
chronic infections;
maijor cause of lung

deterioration

Associated with rapid
decline and poor
prognosis

Burkholderia cepacia
complex

Achromobacter spp. Emerging, multidrug-

resistant pathogen

Stenotrophomonas
maltophilia

Opportunistic;
often co-colonizes
with other bacteria

Difficult to eradicate;
increasing in prevalence

Atypical Mycobacteria

Routine microbiological surveillance

(e.g.,
throat swabs or sputum cultures every 3
months) is essential to monitor for bacterial
colonization and detect early acquisition of
Pseudomonas — aernginosa.  Farly identification
allows for eradication therapy, which has
significantly delayed the onset and reduced the
incidence of chronic Pseudomonas infection.
Eradication regimens may include oral and/or
inhaled antibiotics, and in some cases,
intravenous therapy. Ciprofloxacin is widely

used in paediatric and adult CF patients and is
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available in a liquid formulation.

For chronic  Pseudomonas

inhaled

suppression is a mainstay of therapy. Approved

patients  with

colonization, long-term antibiotic
inhaled agents include tobramycin, colistin,
aztreonam, and levofloxacin. Additionally,
chronic azithromycin therapy is commonly
used for its  anti-inflammatory  and
antimicrobial properties. Intravenous antibiotic
every 3

regimens, typically administered

months or in rotating cycles (e.g., two
antibiotics for 14 days), are tailored to the

extent of lung disease.

Cystic Fibrosis features

hronic cough & wheeze

ailure to thrive

ancreatic [nsufficiency

Ikalosis & Hypotonic Dehydration

eonatal [ntestinal Obstruction
lubbing of Fingers

ectal Prolapse

lectrolyte Elavation

tresia

inopulmonary Infection

4 L
Beyond bacterial infections, fungal pathogens
and hypersensitivity conditions like allergic
bronchopulmonary aspergillosis (ABPA) can
further compromise pulmonary function and
the While

randomized controlled trials for antibiotic

complicate clinical  course.



o

"""mr[/f.{ "

strategies are lacking, except for inhaled agents,
consensus-based guidelines continue to inform

best practices for managing infection in CF.

METHODS FOR DIAGNOSIS OF
CYSTIC FIBROSIS

Cystic fibrosis (CF) is diagnosed based on
clinical presentation and laboratory evidence of
cystic fibrosis transmembrane conductance
regulator (CFTR) dysfunction. The diagnostic

process typically includes the following criteria:

Diagnosis is considered when an individual
exhibits at least one of the following clinical
teatures:

« Positive Neonatal Screening: A positive
result on the newborn screening test, which
is performed in many countries to detect CF
early.

« Family History: A sibling diagnosed with
CF or a known family history of the disease.

o Clinical Symptoms: At least one of the
hallmark clinical signs of CF, such as

(e.g.,

infections),

chronic  respiratory  symptoms

persistent  cough, lung
gastrointestinal issues (e.g., failure to thrive,

malabsorption), or a history of pancreatitis.

The Importance of Neonatal Screening for
Cystic Fibrosis
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Neonatal screening for cystic fibrosis (CF)
plays a crucial role in early diagnosis, which can
significantly improve long-term outcomes for
affected Without

substantial proportion of newly diagnosed

infants. screening, a
patients exhibit pulmonary or gastrointestinal
manifestations by the time they are diagnosed,
often accompanied by serious complications
such as malnutrition and lung damage. Early
detection through screening can prevent or
mitigate these issues, leading to better physical

development, improved pulmonary function,

and enhanced survival rates.

Clinical Impact of Early Diagnosis

« Approximately 40% of newly diagnosed CF
patients present with either pulmonary or
gastrointestinal symptoms at the time of
diagnosis, and 20% have both.

o These patients often have already
developed prognostically unfavourable
complications, such as underweight status
and lung damage, which might have been
preventable through early treatment

initiated by neonatal screening.
Neonatal Screening Process

CF  has

implemented in many countries for years,

Neonatal screening for been
proving to have significant benefits. The

screening  involves  measuring  specific

biomarkers that help identify CF, including:
Trypsin (IRT):
Elevated levels of IRT in the blood are

e Immune-reactive
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indicative ~ of  potential = pancreatic
involvement.

Pancreatitis-Associated Protein (PAP):
Elevated PAP levels also indicate pancreatic
damage, which is common in CF.

Genetic Testing: The screening tests for
the 31 most common CFTR mutations,
allowing for the identification of genetic

defects that cause CF.

The combination of these tests provides a
highly sensitive and specific screening

method, using a single blood sample.

Screening Outcomes

For every 5,000 infants screened, one is
likely to be diagnosed with CF, with 5 of
every 5,000 tests requiring further
evaluation.

False-negative screening results occur,
though rarely. About 7% of children who
are later diagnosed with CF in the first 4
years after screening initially had a false-
negative result.

Meconium Ileus: Babies presenting with
meconium ileus (a common sign of CF) may
have false-negative IRT levels, requiring
further testing even if the screening test is

negative.

Informed Consent and Ethical

Considerations

Parental Consent: Because

genetic
information is involved, parental informed

consent must be obtained before
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conducting the screening test, which can
only be provided by a physician. If a
midwife assists with delivery, the screening
must be conducted by a physician within 28
days of birth.

Right Not to Know: To respect parental
rights, not all components of the screening
(IRT, PAP,

disclosed immediately to the physician;

and genetic results) are
instead, only the qualitative overall result
(positive or negative) is shared.

Follow-up Process: If a screening test is
positive, parents are informed and directed
to a specialized CF centre for confirmatory
testing. They are responsible for scheduling
the appointments for further evaluation.
Physicians are not provided with the

individual results but are notified of the

overall result for their guidance.

Evaluation and Future Directions

An evaluation is planned to assess the
effectiveness of this screening process in
achieving the goal of rapid and complete
evaluation for all children who need it. The
system aims to put sensitive information in the
hands of the physician while empowering
parents to manage follow-up care. This
approach has been found successful in ensuring
timely and comprehensive testing, though it
requires ongoing monitoring to ensure its

effectiveness and efficiency.
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CFTR dysfunction must be confirmed through
one or more of the following diagnostic

methods:

« Sweat Test: The primary test for CF, which
measures the chloride concentration in
sweat. A chloride level greater than or equal
to 60 mmol/L in two independent sweat
tests is considered diagnostic. Elevated
chloride in sweat reflects impaired CFTR

function in sweat glands, a hallmark of CF.

« Genetic Testing: The identification of at
least two CFTR mutations, one on each
chromosome (trans), is diagnostic. CFTR

identified

molecular genetic testing, which looks for

mutations can be

through

known CF-causing mutations.
» Electrophysiological Tests:
Nasal Potential Difference (NPD):

This test measures the voltage difference

@)

across the nasal epithelium and can
reveal characteristic CFTR dysfunction

in the nasal passages.

o Intestinal Short-Circuit Current
(ICM) Measurement: This test
measures ion transport across the

intestinal mucosa. It can be used to
identify CFTR dysfunction, particularly
in cases where genetic and sweat test

results are inconclusive.
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CFTR (Cystic Fibrosis Transmembrane
Conductance Regulator) Testing
Chloride Sweat Test

The chloride sweat test is the gold standard
for diagnosing cystic fibrosis (CF). It measures
the concentration of chloride in sweat, with

96.5%

making it the preferred diagnostic tool. The

sensitivity and 99% specificity,
success of this test depends on the quality
control of its performance, and it must be
conducted in certified cystic fibrosis centers

to ensure accur acy.

o Timing and Age Criteria: The test can be
conducted from the third day of life,
although it is most reliable when performed
from the 14th day onward. Infants should
have a body weight of at least 3000 g and a
postmenstrual age of 36 weeks.

o Test Procedure: The test requires two
separate measurements on the same day to
improve the likelihood of obtaining reliable
results, especially in neonates.

It chloride

concentrations are = 60 mmol/L in two

¢} sweat

CF Diagnosis:

independent measurements, this

CFTR  dysfunction
supports the diagnosis of CF.

confirms and

Negative Results: If the chloride
concentration is < 29 mmol/L, CF is
unlikely. Results between 30 and 59
mmol/L suggest the need for further

diagnostic testing.
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« Sweat Conductivity Test: While widely
used for screening, the sweat conductivity
test is not suitable for definitive

diagnosis of CF. It is useful for initial

screening but requires confirmation with
more specific tests, such as the sweat

chloride test.

@ The electrode drives
medicine into the skin

@ Sweat is collected on
filter paper or gauze

@ Sweat is tesrted for il 1
chloride CI”concentration

@ High CI concentration is
most likely due to CFTR
mutation (CF)

Sweat gland

High CI” concentration
°
® )
® < ®

® A
N @

Electrode
® ® o

o ® ®
Mutated CFIR CI-chanfiel

Surface of sweat gland

Molecular Genetic Testing

Molecular genetic testing serves as the second
stage of diagnostic confirmation. It is indicated
when a patient has a positive sweat test result.

This genetic test:

« Confirms the diagnosis of CF by identifying

specific mutations in the CFTR gene.

« Enables genetic counseling for the family,
including identifying possible carriers and
information inheritance

providing

on

patterns.
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o Assesses the possibility of mutation-
specific treatments based on the identified

genetic mutations.

For patients with a genetically confirmed
diagnosis of CF, a sweat test should also be
performed to eliminate the possibility of a

sample mix-up or error in testing.

Electrophysiological Testing
In cases where the diagnosis remains uncertain
after both the sweat test and genetic testing,

electrophysiological tests can be employed:

o Intestinal Short-Circuit Current (ICM):
This test is performed using biopsy samples

from the rectal mucosa.

« Nasal Potential Difference (NPD): This
test measures the electrical potential across

the nasal epithelium.

These tests are rarely needed but can provide
valuable diagnostic information in cases where

the CF diagnosis remains in doubt.

For a confirmed diagnosis, an individual must
meet both the clinical presentation criteria and
demonstrate CFTR dysfunction via one or
more of the diagnostic tests mentioned above.
The combination of clinical signs, family
history, and laboratory evidence of CFTR
dysfunction ensures accurate diagnosis and

appropriate early intervention.
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Algorithm for cystic fibrosis diagnosis

Positive Newborn Positive Family
Screen History

Sweat Chloride Testing

<30 mmol/L 30-59 mmol/L >60 mmol/L
Il ' }
CF CFTR Genetic Analysis
unlikly l l CF
4 T T 'y
. i 2CF causin
No mutation l e

Physiologic Testing (NPD,ICM)

— No CFTR
dysfunction

Testing equivocal
or unavailable

CFTR
dysfunction

CF diagnosis
not resolved

CLINICAL CHARACTERISTICS
OF CYSTIC FIBROSIS

1. Pulmonary Disease

Pulmonary involvement is the principal cause
of morbidity and mortality in cystic fibrosis.
The most widely used clinical measure of lung
function is the forced expiratory volume in
one second (FEV}), expressed as a percentage
of predicted values adjusted for age, sex, race,
and height. While FEV; can be reliably
measured in school-aged children, it lacks

sensitivity for detecting early lung disease in
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younger patients.

For infants and children under 6 years of age,

who are typically unable to perform reliable

spirometry, alternative assessments such as:

« Infant pulmonary function tests (PFTs)

« Chest high-
resolution CT scans)

e Lung Clearance Index (LCI)

imaging  (especially

They are used to detect eatly pulmonary
changes. The AREST CF and London CF
Collaborative (LCFC) studies, which follow
children diagnosed via newborn screening

(NBS), demonstrate:

e Abnormal PFTSs in ~25% of 3-month-olds
and >50% of 2-year-olds.

o Abnormal LCI values present as eatly as 3

months of age.

o Bronchiectasis, a hallmark of advanced CF
lung disease, is inconsistently detected—
prevalent in AREST CF infants but not in
LCFC 1-year-olds.

These complementary tools enhance the eatly
detection and understanding of CF lung
pathology, although they are not yet standard in

all care settings.

2. Nutritional Status and Growth

Malnutrition and failure to thrive can
manifest in CF infants within the first few
weeks of life due to pancreatic insufficiency,
which affects the absorption of fats, proteins,
and fat-soluble vitamins (A, D, E, and K).
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Approximately 85% of individuals with CF
require pancreatic enzyme replacement

therapy (PERT).

Nutritional status is strongly correlated with
lung function. Improved BMI is associated
with better pulmonary outcomes and
increased survival. Based on this, the Cystic
Foundation (CFF) Nutrition

Guidelines recommend:

BMI = 50th percentile for all children
(based on CDC growth charts).

BMI 2 22 kg/m? for adult females and 2
23 kg/m? for adult males.

Fibrosis

Current trends show:

A 63rd weight-for-length percentile in

children <2 years old.

A 50th BMI percentile for children aged
2—19 years.

An average adult BMI of 22.3 kg/m?>.

However, linear growth delay remains a
concern, with average height percentiles of
32% (under age 2) and 35% (ages 2-19).
Additionally, there is growing concern about
overweight and obesity in the CF population

due to improved nutrition and therapies.

3. Airway Microbiology

Chronic endobronchial infection is central
to the pathogenesis and progression of CF lung
disease. Colonization by pro-inflammatory

organisms during eatly childhood, such as:

Staphylococcus anreus
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Haemophilus influenzae

Streptococcus pnenmoniae

Pseudomonas aeruginosa

Aspergillus species
is associated with worsened lung function in

later childhood.

S. aureus is frequently the first pathogen

isolated in young CF patients. Its

management with prophylactic
antibiotics remains controversial due to

inconsistent evidence.

P. aeruginosa predominates in adults with
CF and is especially problematic in its
mucoid phenotype, which contributes to
disease progression. Improved infection
control and eatly eradication strategies have

reduced its prevalence.

MRSA (Methicillin-Resistant S. aureus)
is linked to worsening lung function and
higher mortality. Though its prevalence
has increased over the last two decades, it

appears to be stabilizing in recent years.

Burkholderia cepacia complex, previous
-ly a significant concern, has shown

declining prevalence.

Non-tuberculous Mycobacteria (NTM)
infections are increasing, posing new

challenges in management.

Recent advances in molecular diagnostic
methods, which go beyond traditional culture
techniques, have revealed the diversity and

complexity of the CF airway microbiome.



/\ﬁ\‘mra |

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

Notably, reduced microbial diversity and the
presence of dominant CF pathogens correlate

with more severe lung disease.

TREATMENT TARGETS AND
MONITORING STRATEGIES
FOR CYSTIC FIBROSIS: A

CLINICAL PERSPECTIVE

Cystic fibrosis (CF) is a progressive genetic
disorder primarily affecting the respiratory and
digestive systems, with lung disease being the
leading cause of morbidity and mortality.
Effective management hinges on proactive
monitoring,  timely  interventions,  and
individualized treatment plans to slow disease
progression and optimize quality of life. This
article outlines evidence-based strategies for
assessing and managing CF-related lung
disease, focusing on clinical monitoring,
pulmonary function testing, imaging, and

criteria for lung transplantation.

Clinical Examinations

Regular clinical evaluations are essential for
tracking the progression of CF-related lung
Scheduled

clinicians to detect subtle changes in respiratory

disease. assessments  enable
status, adjust therapeutic regimens, and address

complications promptly. These evaluations

should occur at consistent intervals, tailored to

the patient’s disease severity and age.

Pulmonary Function Testing
testing (PFT) is a

cornerstone of CF management, with body

Pulmonary function

plethysmography recommended every three
months to quantify lung function. Among PFT
metrics, Forced Expiratory Volume in 1
Second (FEV1) expressed as a percentage of
(FEV1%pred) holds the

greatest prognostic significance. FEV1 serves

predicted value

as a reliable indicator of disease progression

and guides treatment decisions. Regular
monitoring is critical, as the rate of FEVI
decline varies widely among patients and is
most pronounced during childhood and

adolescence.

Imaging Modalities
Imaging plays a vital role in assessing structural
lung damage in CF. Chest X-rays provide a
baseline for monitoring disease progression,
while computed tomography (CT) or
magnetic resonance imaging (MRI) offers
detailed visualization of parenchymal changes,
bronchiectasis, and air

trapping. These

modalities are particularly useful for identifying

complications such as pneumothorax or
haemoptysis that may necessitate urgent
intervention.
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Early Detection in Paediatric Populations

For preschool children, where traditional PFT
may be challenging, gas-exchange methods
such as the lung clearance index (LCI) are
recommended. LCI is a sensitive, non-invasive
tool for detecting early airway dysfunction,
enabling intervention before significant lung
damage occurs. Incorporating LLCI into routine
by

addressing disease progression at its earliest

monitoring can improve outcomes

stages.

Patterns of Pulmonary Function Decline

The trajectory of pulmonary function decline in
CF is highly individualized, with an average
annual FEV1%pred loss of 2.3% between ages
10 and 30. This decline is most rapid during
childhood and adolescence, underscoring the
need for aggressive management during these
critical periods. Notably, patients may not
perceive symptoms of lung function loss until
FEV1%pred falls below 40%, highlighting the
importance of objective monitoring over

subjective reporting.

Lung Transplantation: Indications and
Outcomes

Lung transplantation is a life-saving option for
patients with advanced CF-related lung disease.
Discussions regarding transplantation should
be initiated early when FEV1%pred falls

below 30% and the patient exhibits chronic
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respiratory insufficiency (partial or total).

Key indicators of transplant urgency include:

« Frequent pulmonary exacerbations
o Recurrent pneumothorax or haemoptysis

« Rapid deterioration in FEV1

The 5-year survival rate following lung
transplantation for CF is approximately 60%,
comparable to outcomes for other lung
transplant indications. Early referral to a
transplant centre is critical to optimize patient

outcomes and ensure timely listing.

Effective management of cystic fibrosis
requires a multifaceted approach, integrating
regular  clinical ~ assessments,  advanced
diagnostic tools, and timely consideration of
lung transplantation. By prioritizing FEV1
monitoring, leveraging sensitive tools like LLCI
for early detection, and utilizing imaging to
guide therapy, clinicians can tailor interventions
to slow disease progression. These strategies,
grounded in evidence-based practice, empower
healthcare providers to improve long-term

outcomes for patients with CF.

Clinical
Significance

Parameter Frequency

/Threshold

PFT
(Plethysmography)

Every 3 months Tracks progression

FEV:%pred <30% Consider transplant

LCI Preschool age Early lung disease

marker
CT/MRI Structural
assessment

As indicated

Survival post-
transplant

5 years: 60% Prognostic

benchmark
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CHRONIC AND ACUTE
MANAGEMENT OF CYSTIC
FIBROSIS: STRATEGIES FOR
OPTIMAL CARE

Cystic fibrosis (CF) is a complex, multisystem
genetic disorder characterized by progressive
lung disease, which remains the primary driver
of morbidity and mortality. Effective
management of CF involves both chronic
maintenance therapies to preserve lung

function and acute interventions to address

pulmonary exacerbations.

Airway Clearance Techniques

Daily airway clearance techniques (ACTSs)
are a cornerstone of CF management, designed
to mobilize and remove viscous respiratory
secretions that obstruct airways. Techniques
such as chest physiotherapy, oscillatory positive
and  high-

frequency chest wall oscillation are tailored to

expiratory  pressure devices,
individual patient needs. Consistent ACTSs
reduce the risk of infection, improve lung

function, and enhance quality of life.

Pharmacological Therapies

The therapeutic landscape for CF has evolved
significantly, with the introduction of targeted
to address clearance,

medications mucus

infection, and underlying genetic defects:
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e Mucolytics: Dornase alfa, the first CF-
specific medication, degrades extracellular
DNA in airway secretions, reducing mucus
viscosity and improving airflow. It remains

a standard component of CF care.

e Antibiotics: Chronic endobronchial

infections, particularly with Psexdomonas

aeruginosa, are managed with inhaled
antibiotics (e.g., tobramycin, aztreonam) to
suppress bacterial load and prevent
exacerbations.

e« CFTR Modulators: These

including ivacaftor, lumacaftor/ivacaftor,

therapies,
and elexacaftor/tezacaftor/ivacaftor,
target defective CFTR protein function.
the approved CFTR

modulator, achieved an 80% prescription

Ivacaftor, first
uptake among eligible patients within one
year of approval, reflecting rapid adoption.
Other modulators have seen more gradual
uptake, influenced by eligibility criteria and

access barriers.

The increasing complexity of daily CF
regimens, which may include multiple
medications, ACTs, and nutritional

supplements, poses a significant challenge to
medication adherence. Non-adherence is
associated with worse clinical outcomes,
emphasizing the need for patient education and

support systems to simplify treatment burdens.
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Diagnosis and Clinical Presentation

Pulmonary exacerbations (PEx) are acute
deteriorations in respiratory and systemic
health, diagnosed clinically based on symptoms
such as increased cough, sputum production,
dyspnea, fatigue, and weight loss. Objective
measures, including a decline in FEV1, often
support the diagnosis. PEx are associated with
increased mortality, higher healthcare costs,
and diminished quality of life, making prompt

and effective management critical.

Treatment Strategies

Management of PEx is multifaceted and
individualized, typically involving:

A

and/or

o Antibiotics: combination of oral,
inhaled, av)

antibiotics is selected based on sputum

intravenous

culture results and prior treatment
responses. IV antibiotics are commonly
used for severe exacerbations, with no
significant decline in their use despite

advances in CF care.

o Airway Clearance: Intensified ACTs are
employed to clear airway obstructions and

enhance antibiotic efficacy.

o Nutritional Support: Addressing
malnutrition during PEx is vital, as weight
loss and poor nutritional status exacerbate

recovery challenges.
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Outcomes and Risk Factors

PEx are linked to adverse outcomes, including
persistent FEV1 decline, prolonged treatment
duration, and increased likelihood of recurrent

exacerbations. Key risk factors for PEx include:

Older age
Lower baseline FEV1

Female gender

vV V VYV V

Chronic endobronchial infections

(e.g.,
Psendomonas - aeruginosa, methicillin-resistant
Staphylococcus anreus)
Allergic
aspergillosis (ABPA)
CF-related diabetes (CFRD)

History of prior PEx

bronchopulmonary

>

>

These risk factors highlight the importance of
proactive monitoring and early intervention to

mitigate exacerbation frequency and severity.

LUNG TRANSPLANTATION IN
ADVANCED CF

For patients with advanced lung disease
(typically FEV1%pred <30% and chronic
respiratory insufficiency), bilateral lung
transplantation is a viable treatment option.
CF patients on the transplant waitlist face
higher waitlist mortality compared to other
lung transplant candidates, primarily due to
disease severity and complications such as
infections. However, post-transplant outcomes
are favourable, with CF patients demonstrating

higher survival rates than other transplant
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recipients, achieving a 5-year survival rate of

approximately 60%o.

Debate persists regarding optimal patient
selection for transplantation. Factors such as
age, comorbidities (e.g.,, CFRD, ABPA), and
microbial colonization influence candidacy and
outcomes. Multidisciplinary evaluation at
transplant centres is essential to identify

patients most likely to benefit.

The management of cystic fibrosis requires a
dual approach: chronic therapies to maintain
lung function and acute interventions to
address exacerbations. Airway clearance,
mucolytics, antibiotics, and CFTR modulators
form the backbone of chronic care, while
antibiotics, intensified ACTSs, and nutritional
support are critical for managing PEx. For
patients with end-stage lung disease, lung
transplantation offers a life-extending option,

though careful patient selection is paramount.

As CF therapies continue to advance,
addressing  treatment  complexity  and
adherence barriers will be essential to
optimizing patient outcomes.
Domain Chronic Acute
Management Management

Respiratory Daily ACT, mucolytics, Prompt antibiotics,

CFTR modulators intensified ACT

Inhaled/oral/IV
antibiotics

Infection Culture-guided IV

antibiotics
Nutrition High-calorie, enzyme
-supported diet

Nutritional support
during illness

Transplant Consider early if
FEV:%pred <30%

Referral for poor
recovery from
exacerbations
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PULMONARY THERAPIES FOR
CYSTIC FIBROSIS: CURRENT
APPROACHES AND FUTURE
DIRECTIONS
(CF)

progressive lung disease, driven by thick,

Cystic  fibrosis is characterized by

viscous mucus that impairs mucociliary

clearance and fosters chronic infections. While
CFTR modulators have revolutionized
treatment by addressing the underlying genetic
defect, they do not reverse established lung
damage, such as bronchiectasis.
Consequently, chronic pulmonary therapies
remain essential to manage symptoms, slow
disease progression, and improve quality of life.

This

therapies for CF, including airway clearance

article reviews current pulmonary
techniques, mucolytics, and inhaled antibiotics,

while highlighting  challenges related to
treatment burden and strategies to enhance

adherence.

Chronic pulmonary therapies
CFTR Modulators and Their

Limitations:

CFTR modulators

ivacaftor,

(e.g.,

elexacaftor/tezacaftor/ivacaftor) have
significantly improved lung function and
reduced exacerbation rates for eligible CF
patients. However, these therapies do not
repair irreversible structural lung damage,

such as bronchiectasis, which necessitates
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the continued use of adjunctive pulmonary
therapies to manage airway obstruction and

infection.

Airway clearance techniques

Technique Mechanism Notes

Manual percussion | Chest physiotherapy = Labor-intensive

via a caregiver

High-frequency
chest wall
oscillation
(vest therapy)

Oscillatory pressure
mobilizes mucus

Commonly used at
home

Portable and
patient-operated

Positive Expiratory
Pressure (PEP)
devices

(e.g., Acapella)

Airway splinting and
mucus mobilization

Active Cycle of
Breathing
Techniques (ACBT)

Cycles of breathing
and forced expiration

Requires training
and consistency

Airway clearance techniques (ACTSs) are
fundamental to CF care, designed to mobilize

and clear mucus from the airways. Common

ACTs include:

* Manual percussion: Chest physiotherapy
is performed by a caregiver or therapist.

+ High-frequency chest wall oscillation
(vest): A mechanical device that vibrates
the chest to loosen mucus.

*» A Capella valve: A handheld device

combining positive expiratory pressure and

oscillation.

30

% Active cycle of breathing: A technique
involving controlled breathing to enhance

mucus clearance.

While effective, ACT's are time-intensive, often
requiring 2—3 hours daily, which contributes

significantly to treatment burden.

Mucolytics
Mucolytics reduce mucus viscosity, facilitating

airway clearance. Key agents include:

< Dornase alfa: A nebulized recombinant
human DNase that degrades extracellular
DNA in airway secretions, improving
airflow and reducing exacerbation risk.

< Hypertonic saline: A nebulized solution

that hydrates airway surfaces, enhancing

Y

o

mucociliary clearance.

Agent Route Mechanism
Dornase alfa Nebulized Recombinant DNAse
(Pulmozyme) reduces mucus viscosity

by cleaving extracellular
DNA
Hypertonic saline Nebulized Osmotic effect draws

(3%-7%) water into airway lumen

to hydrate secretions

Considerations: May require pre-treatment
with bronchodilators to prevent bronchospasm.

Both medications are typically administered via
which

electricity, and meticulous cleaning to prevent

nebulizers, require  preparation,

bacterial contamination.

Chronic endobronchial infections, particularly



R

"""mr[/f.{ "

with Pseudomonas aernginosa, are managed with
inhaled (e.g.,

aztreonam). These are primarily delivered via

antibiotics tobramycin,
nebulizers, though some (e.g., tobramycin
inhalation powder) use a dry-powder inhaler
for greater portability. Inhaled antibiotics
reduce bacterial load, decrease exacerbation

trequency, and preserve lung function.

Common Agents Delivery Considerations

Tobramycin Nebulized or Alternating cycles (28
dry-powder days on/off)
Aztreonam lysine Nebulized High frequency
(3x/day), may affect
adherence
Colistimethate Nebulized Reserve for resistant

strains

Treatment Burden

The cumulative time required for ACTs,

nebulized medications, and equipment
maintenance poses a significant barrier to

adherence. Additional challenges include:

% Medication storage: Some drugs, such as
dornase alfa, require refrigeration.

% Preparation: Medications may need mixing
before inhalation.

< Equipment limitations: Nebulizers are
bulky, require electricity, and are not easily
portable.

< Hygiene: Nebulizers and ACT devices

must be thoroughly cleaned to avoid
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contamination, adding to the daily burden.

Impact of non-adherence

Poor adherence to pulmonary therapies is
strongly ~ associated ~ with  increased
hospitalizations, accelerated lung function
decline, and reduced quality of life. The
complexity and time demand of CF regimens
lead

underscoring the need for innovative solutions

often to  suboptimal adherence,

to streamline treatment delivery.

Enhanced Delivery Systems
Advancements in drug delivery systems aim to

reduce

treatment burden and improve
adherence:
« Efficient nebulizers: Next-generation

nebulizers with faster delivery times and
improved portability can decrease the time

required for therapy.

Dry-powder formulations: Expanding the
availability of dry-powder inhalers for
mucolytics and antibiotics eliminates the
need for nebulizers, enhancing convenience

and portability.

Novel Therapeutic Delivery Models
Continued research into alternative drug

delivery methods, such aerosolized

as

nanoparticles or sustained-release
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formulations, could further reduce treatment
trequency and improve efficacy. Simplifying
regimens through combination therapies or

once-daily dosing may also alleviate the burden.

Patient-Cantered Approaches

Reducing treatment burden requires a holistic
approach, including:

« Patient education: Empowering patients
and families to understand the importance
of adherence.

Technology integration: Mobile apps or
wearable devices to track therapy
completion and provide reminders.
Psychosocial support: Addressing barriers
such as fatigue, depression, or financial
constraints that impact adherence.

By prioritizing  efficiency and  patient
convenience, these strategies have the potential
to improve adherence, reduce hospitalizations,

and enhance clinical outcomes in CF.

Chronic pulmonary therapies, including airway
clearance techniques, mucolytics, and inhaled
antibiotics, remain indispensable for managing
CF-related lung disease, even in the era of
CFTR modulators. However, the significant
treatment burden associated with these
therapies contributes to suboptimal adherence
and worse clinical outcomes. Innovations in
efficient

drug delivery systems, such as

nebulizers formulations,

and  dry-powder

alongside patient-centred care models, are
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critical to reducing the burden and improving
adherence. Ongoing research and development
in therapeutic delivery will be essential to
optimize outcomes and quality of life for

individuals with CF.

MANAGEMENT OF INFECTION
IN CYSTIC FIBROSIS:
STRATEGIES AND EMERGING
CHALLENGES

Chronic airway infections are a hallmark of
cystic fibrosis (CF), contributing significantly to
lung function decline and morbidity. These
infections, often established early in life, persist
despite aggressive antibiotic therapy due to the

complex microbial environment of CF airways.

Common Pathogens
CF airways are susceptible to chronic infections
by pathogens such as:

aureus

Staphylococcus
methicillin-resistant §. aurens [MRSA])

(including
« Pseudomonas aeruginosa
L]

Haemophilus influenzae

Emerging pathogens, including Burkholderia
species,  non-tuberculous

(NTM), (e.g:

Scedosporium), further complicate management.

mycobacteria

and  fungi Aspergillus,

Advances in microbiome research reveal a
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more diverse and complex microbial landscape

than traditional culture methods detect,

necessitating  innovative  diagnostic  and

therapeutic approaches.

Impact of Pseudomonas acruginosa

P. aeruginosa is strongly associated with worse
clinical outcomes, including accelerated lung
function decline and increased mortality.

Current strategies focus on:

o Eradication of initial infection: Early

antibiotic therapy to prevent chronic

colonization.

« Suppression of chronic infection: Inhaled
antibiotics to reduce bacterial load and

exacerbation frequency.

Prophylactic antibiotics to prevent P. aeruginosa
infection are not standard practice due to

concerns about resistance and lack of evidence.

MRSA and Other Pathogens

Emerging evidence suggests that persistent
MRSA infection may also worsen outcomes,
prompting trials of eradication and suppressive
therapies.  Similar  strategies for other
pathogens, such as H. znfluenzae or Burkholderia,

are under consideration but require further

study to establish efficacy.

ANTIBIOTICS IN THE
MANAGEMENT OF CYSTIC
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FIBROSIS (CF)

Antibiotics are central to managing Cystic

Fibrosis (CF), primarily for controlling
pulmonary infections that lead to chronic
airway inflammation and progressive lung
damage. = Among  these, inhalational
antibiotics (e.g., tobramycin, colistin, and
aztreonam) have been well-studied and are

widely used.

> Inhaled Tobramycin: Proven to reduce
the burden of Pseudomonas aeruginosa
(P. aeruginosa) in the lungs, improving lung
function and reducing the frequency of
pulmonary exacerbations.

Colistin and Aztreonam: Both serve as
effective options for multidrug-resistant
in  chronic

organisms, particularly

respiratory infections.

However, large clinical trials examining the
use of antibiotics for CF upper airway
sinusitis and chronic

disease, such as

rhinosinusitis (CRS), are limited.

Standard Therapies
Inhaled antibiotics are the cornerstone of
chronic infection management and eradication

of new infections. Approved formulations
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include repurposed intravenous antibiotics
(e.g., tobramycin, aztreonam) delivered via
nebulizers or dry-powder inhalers. Off-label
use of IV antibiotics (e.g., ceftazidime, colistin,
vancomycin) persists in some cases, despite

limited evidence.

Challenges

Attenuation of treatment response over time,
due to biofilm formation and antibiotic
resistance, underscores the need for novel
therapies. Recent reformulations (e.g., inhaled
levofloxacin) aim to improve delivery and
efficacy, but the development of entirely new

antibiotics for CF has been limited.

A recent study investigated the sinonasal
inhalation of tobramycin for treating CF-
related upper airway disease. The results

were promising, demonstrating:

> Symptom improvement in patients.

> Decreased levels of P. aeruginosa in
nasal lavages when compared with saline

irrigations alone.

This study suggests that inhaled tobramycin
may offer significant benefits in controlling
its

upper airway infections, similar to

established benefits in pulmonary disease.

34

Topical antibiotics (applied locally) have
shown efficacy in managing CF-related sinus
disease and may be particularly beneficial
The

antibiotic therapy include:

postoperatively. benefits of topical

o Avoidance of systemic side effects

commonly associated with oral or
intravenous antibiotics (e.g., gastrointestinal

issues, nephrotoxicity).

« Higher concentrations of antibiotics can
be delivered directly to the paranasal
effectiveness  in

sinuses, enhancing

targeting localized infection.
geung

Postoperative Use: The use of topical
antibiotics after sinus surgery has been

associated with:

e Reduced recurrence of CF sinus

exacerbations.
o Improved long-term control of sinus
disease, sometimes extending up to 2 years

following surgery.

Clinical Implications

Inhaled antibiotics (eg, tobramycin,
colistin, aztreonam) are critical for
managing chronic CF pulmonary infections

Topical antibiotics offer a targeted,
localized treatment with minimal systemic
side effects

Sinus lavage with tobramycin has shown
positive effects on symptoms and reduced
P. aeruginosa presence in the nasal cavity

Postoperative use of topical antibiotics

I significantly reduces sinus exacerbations
and enhances long-term control of sinus
disease in CF patients
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This approach has led to a better quality of life
and fewer sinus-related hospitalizations in

some patients.

Summary of Antibiotic

Therapy for CF
Thera — Ke : -
Typgy Indication Bene}%its Considerations

Inhaled Chronic Reduces infection| Must monitor for

Tobramycin | pulmonary burden,improves | nephrotoxicity,
P.aeruginosa | lung function ototoxicity
infection

Colistin Multi-drug- Effective for Renal function
resistant resistant monitoring
infections pathogens required

Aztreonam Chronic Effective for Risk of allergic
pulmonary resistant reactions
infections pathogens

Topical Upper airway | High local Postoperative use,

Antibiotics infections concentration, targeted treatmen

(eg, (sinus disease)| minimal systemic | for sinus disease

Tobramycin effects

nasal lavage)

« Antibiotics are foundational in managing

both pulmonary and wupper airway
infections in CF, but treatment strategies

are evolving.

o Inhaled antibiotics like tobramycin show
promise for not only pulmonary disease but

also upper airway involvement in CF.

« Topical antibiotic therapy has distinct

advantages in treating sinus disease,
offering a more localized and effective
treatment while avoiding systemic side
seen with oral or

effects commonly

intravenous antibiotics.
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Key clinical
recommendation:

Clinicians should consider inhaled tobramycin and
other antibiotics for upper airway disease in CF,
particularly when conventional therapies are
inadequate, and topical antibiotics should be prioritized
postoperatively to manage sinus complications

Gallium-Based Therapy

Gallium mimics iron, a critical nutrient for P.
aeruginosa biofilm formation. By incorporating
gallium instead of iron, P. aeruginosa is starved
of  this

pathogenicity. Preclinical studies also suggest

essential ~ resource,  reducing
that airway-based iron chelation may disrupt

biofilms, offering a complementary approach.
Nitric Oxide

High-dose nitric oxide (NO) is toxic to
of

Current

pathogens but poses risks

methemoglobinemia in  humans.
studies explore repeated dosing with sufficient
intervals to mitigate toxicity while maintaining
antimicrobial effects. These strategies hold

promise for addressing resistant infections.
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Burkholderia Species
Burkholderia

associated with severe comorbidities and high

Historically, species  were

resistance, prompting stringent infection
control measures. While these efforts have
reduced epidemic spread, Burkholderia remains

a concern in some patients.

Non-Tuberculous Mycobacteria (NTM)

Diagnosing  NTM lung disease in CF is
challenging, as symptoms (e.g., cough, sputum
production, weight loss) and radiographic
findings (e.g., bronchiectasis, nodules) overlap
with baseline CF pathology. Proposed
diagnostic criteria include persistent NTM in
cultures and clinical deterioration (e.g., failure
to respond to standard therapy, progressive
lung function loss). However, standardized

guidelines for identifying and treating NTM are

needed.

Fungal Pathogens

Fungi, particularly Aspergillus and Candida, are
common in CF airways but were traditionally
considered evidence

benign.  Growing

challenges this:
o Aspergillus: Associated with allergic
bronchopulmonary

(ABPA) and, in

aspergillosis
some cases, clinical

worsening independent of ABPA.
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« Emerging fungi:  Scedosporium  and
Trichosporon are increasingly recognized as
problematic, with limited treatment options.

Treating fungal infections is particularly

challenging due to resistance and toxicity of

antifungal agents, necessitating research into

effective therapies.

Surveillance Practices

Regular microbiological surveillance via
respiratory cultures is critical for detecting
pathogens and guiding therapy. However,
variability in testing frequency, sample
collection methods, and laboratory practices
across CF centers hinders standardization.
surveillance remain

Optimal protocols

undefined.

Limitations of Susceptibility Testing

In CF, antibiotic susceptibility testing often
fails to predict clinical response due to the
complex, polymicrobial nature of airway
infections. Patients may respond to antibiotics
despite in vitro resistance, highlighting the need
for alternative metrics to guide treatment
decisions. Research is needed to determine
best inform

which microbiological data

therapy.

Future Directions
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e Pathogen Identification:

Improved diagnostic tools are essential to
distinguish pathogenic from commensal
organisms, particularly for NTM and fungi.

Biomarkers or advanced molecular

techniques (e.g., next-generation

sequencing) could enhance specificity and
guide treatment.

Standardized Treatment Protocols:

Consensus  guidelines for managing

emerging pathogens, including NTM and

fungi, are urgently needed. These should
address when to initiate therapy, optimal
drug regimens, and duration of treatment.

Novel Therapies:

Beyond gallium and NO, research into anti-

biofilm agents, phage therapy, and

immunomodulatory approaches could
transform infection management in CF.

Investment in new antibiotics and delivery

systems (e.g., nanoparticles, sustained-

release  formulations) is  critical to
overcoming resistance.

Infection Control:

o Continued emphasis on infection
control practices, informed by lessons
from Burkholderia outbreaks, is essential
to prevent the spread of resistant
pathogens in CF populations.

o Managing infections in CF requires a
multifaceted  approach, integrating
inhaled antibiotics, novel therapies, and

rigorous microbiological surveillance.
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While P. aeruginosa remains a primary
target, emerging pathogens like MRSA,
NTM, and fungi demand increased
attention.  Challenges in diagnosis,
treatment response, and adherence
underscore the need for innovative
therapies and standardized practices.
Advances in  diagnostics,  novel
antimicrobials, and infection control will
be critical to improving outcomes and

quality of life for individuals with CF.

MANAGEMENT OF
INFLAMMATION IN CYSTIC
FIBROSIS: CURRENT
APPROACHES AND FUTURE
CHALLENGES

Inflammation in CF Airways

e Pathophysiology:
The inflammatory response in CF airways is
disproportionately  intense, driven by
chronic infections and impaired mucociliary
clearance. Neutrophil-dominated
inflammation  releases  proteases and
reactive oxygen species, causing structural
damage to airway tissue, leading to
bronchiectasis and progressive decline in
forced expiratory volume in 1 second
(FEV1). This cycle of infection and
inflammation underscores the need for

targeted anti-inflammatory therapies.

e Current Management:
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While suppression of infection (e.g., with

inhaled antibiotics) and clearance of airway

mucus (e.g., with mucolytics, airway
clearance techniques) indirectly reduce
inflammation, these strategies do not

directly address the inflammatory cascade.
Specific anti-inflammatory therapies are
limited, and their adoption is hindered by

safety concerns and unclear mechanisms.

1. Rationale for Corticosteroid Use in CF

Corticosteroids are widely recognized for their
anti-inflammatory effects, but their use in
Cystic Fibrosis (CF) is complex due to the
the

associated risks, particularly the impact on

multifactorial nature of disease and
glucose metabolism (e.g., diabetes). The role
of corticosteroids in managing Chronic
Rhinosinusitis (CRS) with or without nasal
polyps (NP) in CF patients has not been
extensively studied, and evidence from non-CF

populations is often extrapolated.

IL. Systemic Corticosteroids

o Indication: Systemic corticosteroids are
typically reserved for acute exacerbations
of CF, particularly for respiratory

symptoms and severe exacerbations of

CRS.
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Short-term Use: When used, the duration
is generally limited to 2—4 weeks to
minimize side effects.

Risks:

Diabetes: CF patients are at increased
risk for steroid-induced hyperglycaemia,
making corticosteroid use in these

patients more challenging.

Bone Health: Prolonged use can lead to
osteoporosis, a concern in CF due to
chronic inflammation and low bone

mineral density.

7 V@\ Clinical Warning:

Long-term or repeated courses
of systemic corticosteroids
should be avoided if possible,
and their use should be
weighed carefully against
potential adverse effects.

A s

I11. Topical Corticosteroids

Effectiveness in Non-CF CRS: Studies

have shown that topical corticosteroids

(e.g.,

reduce inflaimmation in non-CF CRS,

mometasone, budesonide) can

especially in the presence of nasal polyps
(NP).

In CF CRS: The evidence is mixed. Some
studies suggest improvement in NP size,

while others show minimal to no benefit.
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Preferred for CF CRS: Given their lower

systemic absorption, topical

(e.g.,
mometasone) are considered a safer

corticosteroids budesonide,

option for CF patients, especially when

mixed with saline irrigations.

o Budesonide nasal rinses have been
shown to not affect the hypothalamic-

(HPA), which is a

concern with systemic steroids.

pituitary axis

IV. Delivery Devices and Techniques

Best Practice : Using low-absorption corticosteroid rinses
(e.g. budesonide) combined with saline irrigations is a
reasonable approach for managing CF-related CRS without
significant systemic side effects.

V. Clinical Recommendations for Use of

Corticosteroids in CF
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RECOMMENDATION | RATIONALE

Limit systemic
corticosteroids to
acute exacerbations

Prefer topical
corticosteroids for
chronic CRS with NP

Consider topical
steroid rinses with
budesonide for CF
CRS

Monitor for side
effects, particularly in

patients with a history

of diabetes or long-
term corticosteroid
use

To minimize the risk of
adverse effects (e.g,
glucose intolerance,
osteoporosis)

Low systemic absorption,

reduced risk of side
effects, and effective
localized anti-
inflammatory action

Effective for reducing
inflammation without

affecting systemic HPA

axis

Prevent complications like

hyperglycaemia or bo
loss

Note: Regular follow-up is crucial to assess the
‘ effectiveness of steroid therapy, especially in CF |
| patients with coexisting conditions such as diabetes.

ne

High-dose ibuprofen, a non-steroidal anti-

inflammatory drug (NSAID),

associated with:

Slower FEV1 decline

Improved survival in children with CF

has

been

Despite these benefits, ibuprofen uptake

among CF clinicians remains low, likely due to:

Perceived risks of adverse effects (e.g.,

gastrointestinal bleeding, renal toxicity)
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Uncertainty about long-term benefit-risk

balance

Further research is needed to clarify

ibuprofen’s role in routine CF care and address

barriers to adoption.

macrolide

e Chronic

therapy (e.g,,
azithromycin) is widely used in CF for its
potential anti-inflammatory effects,
supported by in vitro evidence of reduced
pro-inflammatory  cytokines. However,
macrolides are also antibiotics, and their
precise mechanism in CF—whether anti-
inflammatory, antimicrobial, or both—
remains unclear. Benefits include reduced
exacerbation rates, but concerns about
antibiotic resistance necessitate cautious

use.

Preventive Approaches
Preventing inflammation before it escalates
is a theoretical goal, but current strategies
(e.g., early infection control) have not
proven effective in fully mitigating
inflammation. Some preventive approaches
have even increased the risk of infection-
related adverse events, highlighting the
delicate balance required in modulating
without

inflammation compromising

immune defenses.

40

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

Need for Targeted Therapies
An ideal anti-inflammatory therapy for CF

would:

Sufficiently suppress excessive
inflammation

Preserve immune responses to prevent
infections

Minimize systemic adverse effects

No current therapy meets these criteria,

underscoring the need for novel agents

designed  specifically for CF  airway
inflammation.

Defining Clinical Endpoints

Evaluating anti-inflammatory therapies is

complicated by the lack of clear, measurable

clinical endpoints. Key challenges include:

« Lung Function (FEVI): Suppression of
inflammation is unlikely to yield immediate
FEV1 improvements. Long-term studies
with large cohorts are required to detect
slowed FEV1 decline, increasing trial
complexity and cost.

Pulmonary Exacerbations: Reducing

exacerbation frequency is a relevant
endpoint, but the lack of a standardized
definition hinders trial design and regulatory
approval.

Younger Patients: Healthier or younger
patients have fewer clinical events (e.g.,

exacerbations, significant FEV1 decline),
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necessitating surrogate markers to assess

therapeutic efficacy.

Biomarker Development
Identifying reliable biomarkers is critical for
evaluating

anti-inflammatory therapies.

Promising candidates include:

e Sputum Biomarkers:
o Neutrophil elastase (an indicator of
neutrophil activity)
o Myeloperoxidase (reflects oxidative
stress)
o Calprotectin (marker of inflammation)
¢ Blood Biomarkers:
o C-reactive protein (CRP)
o Calprotectin

o Serum amyloid A
These biomarkers must be:
« Responsive to therapeutic intervention
with clinical

(e.g.,
preserved lung function)

e Correlated meaningful

outcomes reduced exacerbations,

Standardizing biomarker use in clinical trials

remains a priority to facilitate drug

development and regulatory approval.

Future Directions

» Novel Anti-Inflammatory Agents
Research into targeted anti-inflammatory
therapies is essential. Potential approaches

include:

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

« Biologics: Monoclonal antibodies

targeting specific inflammatory
pathways (e.g., 1L-8, IL.-17) to modulate
neutrophil activity.

e Small Molecules: Inhibitors of pro-
inflammatory signaling pathways (e.g.,
NF-«B, MAPK) to

damage.

reduce airway
« Repurposed Drugs: Exploring existing
drugs with anti-inflammatory properties

tor CF-specific applications.

» Precision Medicine
Personalized approaches, guided by patient-

(e.g.,
biomarker levels, genetic factors), could

specific  inflammatory  profiles
optimize therapy selection and dosing,
minimizing adverse effects.
» Standardized Endpoints and Trial
Design
Consensus on clinical endpoints, such as a
universal  definition  of  pulmonary
exacerbations, is critical for streamlining
clinical trials. Surrogate endpoints (e.g.,
biomarker changes, imaging-based
measures of airway damage) could enable
shorter, smaller studies, particularly in
younger patients.

» Combination Therapies

Integrating anti-inflammatory  therapies
with existing treatments (e.g, CFIR
modulators, antibiotics) may enhance
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efficacy. For example, reducing
inflammation ~ could  improve  the
effectiveness of mucolytics or airway

clearance by decreasing airway obstruction.

Inflammation is a central driver of lung damage

in cystic fibrosis, yet effective anti-
inflammatory therapies remain elusive. Current
options, including corticosteroids, ibuprofen,
and macrolides, are limited by adverse effects,
unclear mechanisms, or poor adoption. The
development of novel therapies is hindered by
challenges in defining clinical endpoints and
identifying reliable biomarkers. Advances in
targeted therapies, standardized trial designs,
and precision medicine approaches are critical
to address the unmet need for safe, effective
anti-inflammatory  treatments in CF. By
reducing airway inflammation while preserving
immune function, such therapies could slow

disease progression and improve quality of life

for individuals with CF.

NASAL SALINE IRRIGATIONS IN
CYSTIC FIBROSIS (CF)

I. Rationale and Mechanism of Action

Nasal saline irrigations are increasingly
incorporated into supportive CF care as a non-
pharmacologic adjunct for managing upper
airway symptoms. They aim to:

Remove thick secretions and mucosal

crusts resulting from chronic inflammation
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and mucus stasis

Improve mucociliary clearance in the
sinonasal tract

Potentially enhance quality of life by
reducing nasal obstruction, postnasal drip,

and infection risk

Physiological Insight

The sinonasal epithelium in CF
mirrors that of the lower
airways impaired ion transport
leads to dehydrated secretions,
making mechanical clearance
with saline valuable.

I1. Types of Saline Irrigation

Well tolerated; | Mild
safe for routine | decongestant
use

Matches the
body’s tonicity

Isotonic
Saline (0.9%)

effect

Theoretical
decongestant
effect by
0sSmosis

Hypertonic
Saline (=3%)

Higher osmolarity
draws fluid into
the airway

May cause
burning or
discomfort; less
tolerated

Clinical Tip: Start with isotonic saline for most patients.
If tolerated and inadequate, trial hypertonic saline with
caution.

I11. Delivery Methods and Devices
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RECOMMENDATION

RATIONALE

Delivery
Efficiency

Patient Suitability

Squeeze Bottle
(e.g., NeilMed)

High-volume
flush; effective
sinus penetration

Older children and
adults are comfortable
with nasal irrigation

Neti Pot

Gravity-assisted
flow; gentle

Preferred for sensitive
nasal mucosa

Pressurized Spray

Limited reach;
superficial

Best for mild
congestion or young
children

Best Practice : Squeeze bottles and neti pots offer
superior sinus penetration and mucus removal

compared to sprays.

IV. Evidence and Clinical Consensus

o Limited direct evidence in CF patients

due to lack of randomized controlled trials

« Extrapolated benefit from:
o Non-CF

chronic

rhinosinusitis

(CRS) studies showing improvement in

symptom scores and quality of life

o Lower

airway

therapies

such as

nebulized hypertonic saline, which

improve mucus clearance and lung

function

.'Inference: The upper and lower airways are considered
part of a “united airway system”, so interventions that

improve one often benefit the other.

V. Clinical Recommendations and

Practical Use

Promotes mucus
clearance and reduces
risk of secondary
bacterial overgrowth

Use daily isotonic
saline irrigation in
patients with chronic
nasal symptoms,
sinusitis, or nasal
congestion

Prevents contamination

Educate on technique, : St
and iatrogenic infections

hygiene, and device
care

Adjust volume, frequency,
or concentration based
on patient comfort

Monitor for tolerance
and efficacy

Caution: Always use sterile or distilled water for
irrigation. Tap water is not safe due to potential
Naegleria fowleri contamination risk.

New approaches to cf therapy are
progressing from preclinical to clinical
trial stages

Potentiators / Correctors
and Combinations

\ Ar/npllﬂers

CFTR modulators

Agonists of alternative
CI-channel

ENaG inhibitors

\ Mucolytics

PTC read-through

agents / mRNA Improving mucociliary Neutrophil elastase
stabilisers clearance inhibitars : retinoid
leukotriene pathway
New treatment /
Restoring CFTR approaches Anti- Inflammatories
function for CF Lung disease
Genetic Approaches

Anti- Infectives

/ N\

Conventional
Antibiotics/new
formulation or
combination

/ DNA replacement Novel Approaches:
Gallium ; Bacteriophage ;
Nitric oxide ; Gell
surface distruption ;
anti biofilm ;
anti-virulence factor
/quorum sensing ;

antibiotic potentiators

Gene editing

mRNA replacement / repair

LUNG TRANSPLANTATION IN
CYSTIC FIBROSIS
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1. Overview

Despite major advancements in CF therapies,
including CFTR modulators and optimized
airway clearance techniques, many individuals
with CF will ultimately progress to end-stage
lung  disease, at which point lung
transplantation becomes the only definitive

life-extending option.

I1. Survival Outcomes and Prognosis Post-

Transplant

COMPLICATION

DESCRIPTION

Immune-mediated damage

Acute rejection

to transplanted lung, usually
in the first year

Chronic rejection
(CLAD)

Chronic lung allograft
dysfunction; most common
cause of late mortality

Infections

Medication side
effects

Opportunistic infections due
to lifelong
immunosuppression

Nephrotoxicity, metabolic
syndromes, and increased

CF LUNG
MEASHBE TRANSPLANTATION DATA
Mean post- ~8.9 years (notably shorter
transplant than other solid organ
) transplants)
survival

1-year survival
rate

Significantly impacted by
severity at time of transplant
(higher LAS)

Long-term
complications

Acute/chronic allograft
rejection, infections, and
immunosuppressive toxicity

Note: While lung transplant is not a cure, it extends life and
improves quality in end-stage CF, but must be timed
optimally to avoid worsened post-transplant outcomes.

I11.
Transplant

Complications and Challenges Post-

malignancy risk from
immunosuppressants

IV. Timing and Criteria for Transplant

Referral

When to Refer for Lung Transplant Evaluation
in CF:

« FEV; consistently <30% predicted

o Increasing frequency of

pulmonary
exacerbations

e Need for supplemental oxygen

o Rapid decline in lung function or poor

quality of life despite maximal therapy
=

iy

Yy ‘%
% _ Studies show that ~1/3 of

\ - eligible CF patients are not

referred despite meeting

criteria (e.g, FEV, <30% for =2

years), missing the critical

window for optimal outcomes.

Red Flag:

I. i iif
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V. Lung Allocation Score (LAS) and

Prognosis

o LAS reflects disease severity and transplant
urgency

o Higher LAS = greater mortality risk post-
transplant

o CF patients with very high LLAS at the time

of transplant have poorer first-year survival

Goal: Early referral enables pre-emptive
evaluation and listing, reducing mortality
associated with advanced pre-transplant

disease.

VI. Health Disparities and Systemic

Batriers

BARRIER IMPACT ON OUTCOMES

Delayed or missed
referrals for transplant
evaluation

Insurance
limitations

Access to
Geographic inequities and
care fragmentation

transplant
centers

Lower survival due to
inconsistent follow-up
and support systems

Socioeconomic
status

VII. Quality Improvement and National
Initiatives

The Cystic Fibrosis Foundation (CFF) has
identified lung transplant optimization as a
national priority.

CF Lung Transplant Transition Leadership
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and Learning Collaborative (LLC):

o Aims to standardize referral criteria and care
transitions

o Supports early identification of eligible
patients

« Encourages collaboration between CF

centres and transplant programs

Future Direction: These initiatives are projected
to enhance survival rates and reduce inequities

in lung transplant access for CF patients.

CHRONIC RHINOSINUSITIS IN
CYSTIC FIBROSIS: CLINICAL
FEATURES AND MANAGEMENT
CHALLENGES

Chronic rhinosinusitis (CRS) is a near-universal
complication in individuals with classical cystic
tibrosis (CF), with a prevalence approaching
100%. CRS in CF is driven by persistent airway
secretions and inflammation, often leading to
nasal polyps (NP) and significant sinonasal

morbidity. Despite its high prevalence, CRS

symptoms are frequently underreported,
posing  challenges for diagnosis  and
management. This article reviews the

pathophysiology, diagnostic criteria, clinical

manifestations, and management

considerations for CRS in CF.

Mechanisms



E——

RNworld |

In CF, defective CFTR protein function leads

to thick, viscous mucus that impairs
mucociliary clearance in the sinuses. This

results in:

e Obstruction of Sinus Ostia:
Persistent secretions block sinus drainage,
causing hypoxia and mucosal oedema.
e Chronic Inflammation:
Ongoing infection and inflaimmatory
responses exacerbate tissue damage and
impair mucociliary function.
o Tissue Remodelling:
Chronic  inflammation  promotes the
formation of nasal polyps (NP), which

turther obstruct sinus passages.

Nasal Polyps
NP are a hallmark of CRS in CF, present in up

to 86% of patients. Their prevalence increases
with age, reflecting cumulative inflammatory
and remodeling processes. NP contribute to
nasal obstruction, sinus infections, and reduced

quality of life.

CRS is diagnosed based on clinical criteria,
requiring inflammation of the nose and
paranasal sinuses persisting for more than 12

weeks, with two or more of the following

symptoms:
> Nasal blockage, obstruction, or
congestion

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

> Nasal discharge (anterior or posterior)
> Facial pain or pressure
> Reduction or loss of olfaction

Additionally, at least one of the following

objective findings must be present:
> Nasal polyps

> Mucopurulent discharge (primarily from

the middle meatus)

» Oedema or mucosal obstruction

(primarily in the middle meatus)

> Mucosal changes within the ostiomeatal

complex or sinuses (e.g., on imaging)

These criteria, adapted from general CRS
guidelines, apply to CF but may require
modification due to the unique
pathophysiology and symptom presentation in

this population.

Symptom Underreporting
Individuals with CF often underreport

sinonasal  symptoms, despite  significant
infection and inflammation. Possible reasons

include:

« Adaptation to Chronic Disease:
Long-term symptoms may be perceived as
normal

» Relative Severity:

Pulmonary and gastrointestinal symp-toms
may overshadow sinonasal complaints.

e Other Factors:

Unidentified physiological or psycho-
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logical factors may contribute to reduced
symptom perception.
Common symptoms, when reported, align with
CRS criteria but may be subtle or intermittent,

complicating diagnosis.

CRS in CF contributes to:
> Recurrent Sinus Infections:

Due to persistent mucus stasis and bacterial
colonization (e.g., Pseudomonas aeruginosa,

Staphylococcus anreus).
> Reduced Quality of Life:

Nasal obstruction, facial pain, and olfactory

loss impact daily functioning.
> Pulmonary Impact:

Sinus infections may seed lower airway

infections, exacerbating pulmonary

exacerbations.

Medical Management

The primary goals of CRS management in CF
are to reduce inflammation, clear secretions,
and control infections. Common approaches

include:

» Nasal Irrigation:
Saline rinses to clear mucus and improve
mucociliary function.

» Topical Corticosteroids:

Nasal sprays (e.g., budesonide, fluticasone)

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

to reduce inflammation and polyp size.
» Antibiotics:

Systemic or topical antibiotics for acute

sinus infections, guided by culture results.
» CFTR Modulators:

While primarily targeting lung function,
(e.g.,

may

modulators

elexacaftor/tezacaftor/ivacaftor)
improve sinus symptoms by enhancing
mucus clearance, evidence is

though

limited.

Surgical Management

For severe or refractory CRS, endoscopic
sinus surgery (ESS) is often indicated,
particularly in the presence of NP or significant

ostial obstruction. ESS aims to:

» Restore sinus drainage
e Remove polyps

e Reduce infection burden

Post-surgical medical nasal

therapy (e.g.,
corticosteroids, antibiotics) is critical to prevent

recurrence.

Adjunctive Therapies

o Mucolytics:

o Agents like dornase alfa (off-label) may
reduce mucus viscosity in sinuses, though
data are limited.

o Anti-Inflammatory Therapies:

 Systemic therapies (e.g., ibuprofen) are

understudied for CRS but may address
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underlying inflammation.

Underreporting of Symptoms
The tendency to underreport symptoms delays
diagnosis and treatment, allowing disease

progression. Strategies to address this include:

e Routine screening with validated sinonasal

questionnaires (e.g., SNOT-22)
Regular imaging (e.g., CT sinuses) in

symptomatic or high-risk patients

Diagnostic Overlap

CRS symptoms and findings overlap with
baseline CF pathology, complicating diagnosis.
Tailored diagnostic criteria for CF-associated

CRS are needed to improve specificity.

Limited Evidence

Data on optimal medical and surgical therapies
for CRS in CF are sparse. Key unanswered

questions include:

e Efficacy of CFTR modulators in CRS
management
e Role of novel anti-inflammatory or

mucolytic therapies

Long-term outcomes of ESS in CF

Improved Diagnostics
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Developing CF-specific CRS  diagnostic
(e.g.,

inflammatory mediators in nasal secretions) or

criteria,  incorporating  biomarkers

advanced imaging, could enhance early

detection.

Targeted Therapies

Research into therapies addressing sinonasal

inflammation and infection is critical. Potential

areas include:

o Topical biologics targeting inflammatory
pathways

« Novel mucolytics for sinus-specific mucus
clearance

« Optimized antibiotic delivery systems (e.g.,

nebulized or dry-powder formulations)

Patient-centred Care

Engaging patients through education and
shared decision-making can improve symptom
reporting and adherence to therapy. Digital
tools (e.g., symptom trackers) may aid in

monitoring,.

Clinical Trials

Randomized controlled trials are needed to
evaluate:
o Efficacy of CFTR modulators on CRS

outcomes

o Comparative effectiveness of medical vs.

surgical interventions
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Long-term benefits of adjunctive therapies

Chronic  rhinosinusitis is a  petrvasive
complication in cystic fibrosis, driven by
impaired mucociliary  clearance, chronic
inflammation, and nasal polyps. Despite its
high prevalence, underreporting of symptoms
and diagnostic challenges hinder effective
management. Current strategies, including
nasal irrigation, corticosteroids, antibiotics, and
endoscopic sinus surgery, aim to alleviate
symptoms and  prevent complications.
However, gaps in evidence and the need for
CF-specific ~ diagnostic and  therapeutic
approaches underscore the importance of
ongoing research. By improving diagnostics,
developing targeted therapies, and enhancing
patient engagement, clinicians can better
address CRS and its impact on quality of life in

CF.

MANAGEMENT OF UPPER
AIRWAY IN CYSTIC FIBROSIS
(CF)

Overview

Cystic fibrosis (CF) is an autosomal recessive
disorder caused by mutations in the CFIR
gene, leading to dysfunction of the CFTR anion
channel located on the apical membrane of
epithelial cells in the respiratory and exocrine
This

multisystem involvement, including diabetes,

systems. dysfunction  results in

malabsorption, male infertility, and—most
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significantly—chronic respiratory infections,
which account for the majority of morbidity

and mortality in CF patients.

While pulmonary disease is a hallmark of CF,
(CRS)

universal in this population and a significant

chronic rhinosinusitis is neatly
cause of upper airway morbidity. Despite this,
upper airway involvement is often under-

recognized compared to lower airway disease.

Unified Airway Model: Pathophysiologic
Link

The unified airway theory postulates that the
entire respiratory tract functions as a
continuous unit, extending from the nasal
passages to the alveoli. Both upper and lower

airways share:

o DPseudostratified, ciliated, columnar
epithelium
[ ]

Similar inflammatory pathways

Susceptibility to chronic bacterial infections

This anatomical and physiological continuity
the

between diseases of the upper airway (e.g.,

explains bidirectional relationship
CRS) and lower airway (e.g., bronchiectasis and

pneumonia).
In CF:

CRS and pulmonary disease are clinically
and microbiologically intertwined

(e.g.,
aeruginosa) have been identified as genetically

Sinus pathogens Psendomonas

similar to those in the lower airway
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o Upper airway colonization may act as a
reservoir, potentially seeding the lungs and

contributing to pulmonary exacerbations

Clinical Implications of Upper Airway
Disease in CF

Chronic Rhinosinusitis (CRS) in CF

patients is associated with:

o Mucosal inflammation
o Sinonasal polyposis
o Nasal obstruction and discharge

o Headache and facial pressure

Patients often report worsening sinonasal

symptoms  prior to  pulmonary
exacerbations, suggesting a role for upper
airway inflammation in driving lower airway

disease.

Therapeutic Strategies for Upper Airway
Management
» Medical Management:

e Nasal saline irrigations (isotonic or

hypertonic) to improve mucociliary

clearance

e Topical corticosteroids

(e.g.,

budesonide, mometasone) for

inflammation, often combined with
saline for improved delivery

e Topical antibiotics (e.g., tobramycin)
to reduce sinonasal colonization of

pathogenic organisms

e Systemic antibiotics during exacerbat-
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ions or post-surgical management
e Consider CFTR modulators to reduce
mucus viscosity and improve epithelial
function

> Surgical Interventions:

e Endoscopic sinus surgery (ESS) may

be indicated in patients with refractory

CRS
e ESS can:
o Improve sinonasal ventilation and
drainage
o Enhance delivery of topical therapies
o Potentially reduce pulmonary

exacerbations by minimizing upper

airway pathogen burden

MANAGEMENT OF
PULMONARY EXACERBATIONS
IN CYSTIC FIBROSIS:
CHALLENGES AND
OPPORTUNITIES

Pulmonary exacerbations (PEx) are a hallmark
of cystic fibrosis (CF), characterized by acute
worsening of respiratory symptoms that
significantly impact lung function, survival, and
quality of life. Despite treatment, PEx often
results in permanent lung function loss,
highlighting the need for improved prevention,
early detection, and therapeutic strategies. This
the of PEx,

management approaches, and critical gaps in

reviews impact current
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clinical knowledge to guide future research and

practice.

Definition and Clinical Impact

PEx are defined as acute deteriorations in
respiratory symptoms (e.g., increased cough,
sputum  production,  dyspnoea)  often
accompanied by systemic symptoms (e.g.,
tatigue, weight loss). They are typically treated
with antibiotics and supportive therapies. PEx

has profound consequences, including:

e Loss of Lung Function: Measured as a
decline in forced expiratory volume in 1
second (FEV1), with 25-35% of patients
failing to recover baseline FEV1 post-
treatment, per patient registry data.

o Permanent Damage: Recent studies
suggest over 50% of patients do not regain
lung function recorded in the prior 30 days,
and in 20% of cases, PEx treatment begins
when lung function is at a 6-month peak,
indicating missed opportunities for earlier
intervention.

« Reduced Survival: Recurrent PEx are
associated with increased mortality.

o Worsened Quality of Life: Symptoms and
treatment burden impair physical and

emotional well-being.

Persistence of Poor Outcomes
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Despite advances in CF care, including CFTR
PEx

modulators, outcomes remain

suboptimal. Modulator therapy does not
significantly improve lung function recovery
post-PEx, underscoring the need for targeted
exacerbation-related

strategies to mitigate

damage.

Diagnosis

PEx are diagnosed clinically based on a
combination of:

o Respiratory symptoms (e.g., worsening
cough, increased sputum, shortness of

breath)

e Systemic symptoms (e.g., fatigue, weight
loss)

o Objective measures (e.g., FEV1 decline,
radiographic changes)

No universal diagnostic criteria  exist,

complicating early detection and treatment

initiation.

Treatment Approaches

Management of PEx is multifaceted, typically

involving:

o Antibiotics: Selected based on sputum
cultures and prior treatment responses,
administered via:

o Oral (for mild exacerbations)
o Inhaled (to target chronic infections)
Intravenous (IV) (for severe cases)

o

« Airway Clearance Techniques (ACTs):
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Intensified to mobilize mucus and enhance
antibiotic efficacy.

o Nutritional Support: To address weight
loss and malnutrition, which exacerbate
recovery challenges.

« Supportive Care: Oxygen therapy or non-
invasive ventilation may be required in

SEvere cases.

Treatment is often delivered in outpatient or
inpatient settings, depending on severity and

patient needs.

Incomplete Recovery

The high rate of incomplete lung function
recovery post-PEx (25-50% of patients)
indicates deficiencies in current treatment

strategies. Factors contributing to poor
recovery include:

o Delayed detection of PEx

« Suboptimal antibiotic regimens

e Persistent inflammation and infection

Knowledge Gaps
Several critical questions remain unanswered,

requiring robust clinical data to optimize PEx

management:
o Antibiotic Selection: The Optimal
number, type, and combination of

antibiotics are unclear.
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Route of Delivery: The relative efficacy of

oral, inhaled, vs. IV antibiotics needs
clarification.

o Treatment Duration: The Ideal duration

to balance efficacy and resistance risk is

unknown.
o Treatment  Location:  Comparative
outcomes of inpatient vs. outpatient

management are understudied.
« Adjunctive Therapies: The Role of anti-
inflammatory agents or intensified ACTs in

improving outcomes 1is uncertain.

Lack of Standardized Definitions

The absence of a consensus definition for PEx

hinders clinical trials and  treatment

standardization.  Variability in diagnostic
criteria across centers complicates research and

care delivery.

Prevention
Preventing PEx is a priority, requiring:

« Optimized Chronic Therapies:
Consistent use of CFTR modulators,
inhaled antibiotics, mucolytics, and ACTs to
reduce infection and inflammation.

« Improved Adherence: Addressing barriers
to adherence (e.g.,, treatment complexity,
psychosocial factors) through patient

education, simplified regimens, and digital

tools (e.g., adherence apps).
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« Risk Factor Management: Targeting
modifiable risk factors, such as chronic
infections, CF-related diabetes, or poor

nutrition.

Early Detection
Earlier identification of PEx could mitigate

lung function loss. Strategies include:

« Home Monitoring: Use of portable

spirometry or symptom tracking apps to

detect TFEV1 declines or symptom
worsening.
o Biomarkers: Identifying inflammatory

markers (e.g., sputum neutrophil elastase,
C-reactive protein) to predict impending
PEx.

« Regular Surveillance: Frequent clinical
assessments and pulmonary function testing

to establish accurate baselines.

Enhanced Treatment
Improving PEx treatment outcomes requires:

o Personalized Antibiotic Regimens:
Tailoring therapy based on microbiome
analysis, prior treatment responses, and
resistance patterns.

« Novel Adjunctive Therapies:
Investigating anti-inflammatory agents (e.g.,
ibuprofen, biologics) or advanced ACTs to
reduce airway damage during PEx.

o Clinical Trials:
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Conducting studies to address knowledge
gaps in antibiotic selection, duration, and
delivery methods.

« Standardized Protocols:
Developing evidence-based guidelines for
PEx diagnosis and management to reduce

variability in care.

Research Priorities

Robust clinical data are needed to address
unanswered questions about PEx management.

Key research areas include:

o Comparative effectiveness of antibiotic
regimens and delivery routes

o Optimal treatment duration to maximize
efficacy and minimize resistance

o Impact of treatment setting (inpatient vs.
outpatient) on outcomes

« Role of anti-inflammatory therapies in

reducing PEx-related lung damage

Technological Innovations
Advances in technology could enhance PEx

management:

« Wearable Devices:
For real-time monitoring of respiratory
symptoms and lung function.

 Artificial Intelligence:
To predict PEx risk based on patient data

(e.g., FEV1 trends, symptom patterns).
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e Telemedicine:
To facilitate early intervention and remote

management of mild PEx.

Patient-centred Care

Engaging patients in their care is critical to

improving outcomes. Strategies include:

o Shared Decision-Making:
Involving patients in treatment planning to
align with their preferences and lifestyles.

« Psychosocial Support:
Addressing mental health and social barriers
to adherence and recovery.

« Education:
Empowering patients to recognize early

PEx signs and seek timely care.

Pulmonary exacerbations in cystic fibrosis are a
major driver of lung function decline, reduced
survival, and impaired quality of life. Despite
treatment, many patients experience permanent
FEV1 loss, highlighting the urgent need for
improved prevention, early detection, and
therapeutic strategies. Addressing knowledge
gaps in antibiotic use, standardizing PEx
definitions, and leveraging technology for early
intervention are critical steps toward better
By

therapies, robust research, and patient-centred

outcomes. combining  personalized
care, the CFF community can reduce the burden

of PEx and enhance long-term prognosis for
individuals with CF.
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PREGNANCY AND CYSTIC
FIBROSIS: CONSIDERATIONS
FOR OPTIMAL CARE

Advancements in cystic fibrosis (CF) care over

the past five decades have significantly
extended life expectancy, transforming CF
from a predominantly paediatric condition to
one with substantial impact in adulthood. As a
result, increasing numbers of individuals with
CF are considering parenthood. Pregnancy in
CF presents unique challenges due to the
and

disease’s multisystem manifestations

treatment-related complications.

Prevalence

Cystic fibrosis is most prevalent among
individuals of northern European descent,
with a birth prevalence of approximately 1 in
3,000. Prevalence varies by region and ethnic
background, with lower rates in non-Caucasian
populations due to differences in CFTR gene

mutation frequency.

Survival and Disease Trajectory
including CFTR

antibiotics,

Improved  treatments,

modulators, and
multidisciplinary care, have extended median
survival, with many patients now living into

their 40s and beyond. This shift has
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transformed CF into a chronic adult condition,
with:
of

complications (e.g., CF-related diabetes,

o Increased prevalence age-related
reduced bone density)

o Greater treatment-related complications
(e.g., antibiotic resistance, toxicity)

« Expanded opportunities for milestones like

pregnancy and parenthood

Pulmonary Complications
Progressive lung disease remains the primary
cause of morbidity and mortality in CF. Key

considerations for pregnancy include:

o Respiratory Failure: Most patients
eventually develop chronic respiratory
insufficiency, often  requiring lung
transplantation.

o Pulmonary Exacerbations: Increased risk
during pregnancy due to physiological
changes (e.g., increased respiratory demand,
altered immune response).

« Lung Transplantation: Bilateral lung
transplants are common, with a minority
receiving combined (e.g., heart—lung—liver)
or isolated organ transplants (e.g., liver,
renal, pancreas). Pregnancy post-transplant
1s carries

increasingly = reported  but

additional risks.
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Extrapulmonary Manifestations
CF affects multiple organ systems, with

implications for maternal and foetal health:

o Pancreatic Exocrine Insufficiency:
of

pancreatic enzyme replacement therapy

Malabsorption nutrients  requires
(PERT) and careful nutritional monitoring
during pregnancy.

o CF-Related Diabetes (CFRD):

with and

Prevalence increases

age
complicates glycaemic control, increasing
risks of maternal and foetal complications.

« Reduced Bone Density:
Osteoporosis or osteopenia, exacerbated by
chronic corticosteroid use or vitamin D
deficiency, may increase fracture risk during
pregnancy.

« Gastrointestinal Complications:
Recurrent distal intestinal obstruction

syndrome (DIOS) and gastroesophageal

reflux disease (GERD) may worsen with

pregnancy-related physiological changes.

o Infectious Complications:
Cumulative antibiotic exposure increases
risks of multidrug-resistant infections
(e.g., MRSA),

antibiotic

Psendomonas — aernginosa,

allergies, and toxicity,
complicating infection management during

pregnancy.
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Pre-Pregnancy Assessment

Healthcare providers must conduct thorough

evaluations to assess pregnancy feasibility and

risks, including:

o Lung Function:
Forced expiratory volume in 1 second
(FEV1) <50% predicted is associated with
higher maternal and foetal risks.

o Nutritional Status:
Body mass index (BMI) <185 kg/m?
increases the risk of preterm delivery and
low birth weight.

e Glycaemic Control:
CFRD requires optimization to prevent
congenital  anomalies and  maternal
complications.

« Infection Status:
Active or multidrug-resistant infections may
necessitate ~ aggressive  pre-pregnancy
treatment.

o Transplant Status:
Post-transplant patients face unique risks,
including immunosuppression-related

complications and organ rejection.

Pregnancy Management

Managing pregnancy in CF requires a

multidisciplinary approach involving
pulmonologists, obstetricians, dietitians, and

other specialists. Key strategies include:

e Pulmonary Care: Frequent monitoring of

lung function (e.g., spirometry), intensified
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airway clearance, and prompt treatment of

exacerbations with pregnancy-safe
antibiotics.

o Nutritional Support: High-calorie diets,
PERT

supplementation  to
pPp

adjustments,  and  vitamin

meet  increased
demands and support foetal growth.

e Glycaemic Control: Regular glucose

monitoring and insulin therapy for CFRD

to minimize maternal and foetal risks.

Tailored

antibiotic regimens to address chronic

o Infection Management:

infections while avoiding teratogenic agents.
Close

monitoring for rejection, adjustment of

o Transplant  Considerations:

immunosuppressive  medications,  and

coordination with transplant teams.

Postpartum Care

Postpartum challenges include:

« Recovery from Delivery: Increased risk of
pulmonary exacerbations due to physical
stress.

« Breastfeeding: Balancing  nutritional
demands with maternal health, especially in
malnourished or post-transplant patients.

« Long-Term Health: Monitoring for
accelerated lung function decline or

worsening ~ of  comorbidities  post-

pregnancy.
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Risk Assessment

Balancing the desire for parenthood with CF-

related risks requires individualized counseling.

Factors influencing risk include:

Baseline lung function and disease severity
Presence of comorbidities (e.g., CFRD,
0steoporosis)

Transplant status and immunosuppression

needs

Healthcare providers must facilitate informed

decision-making by discussing:

Maternal Risks: Increased pulmonary

exacerbations, respiratory  failure, or
worsening comorbidities.

Foetal Risks: Preterm delivery, low birth
weight, or congenital anomalies (e.g., in
uncontrolled CFRD).

Psychosocial Considerations: Emotional
and logistical challenges of parenting with a
chronic illness.

Post-Transplant Pregnancy: Additional
risks of graft rejection, infection, and

medication teratogenicity.

Knowledge Gaps

Limited data exist on pregnancy outcomes in

CF, particularly in the era of CFTR modulators

and post-transplant pregnancies. Research is

needed to:

Assess the impact of CFTR modulators on

maternal and fetal outcomes

Detine optimal management strategies for

post-transplant pregnancies

Evaluate long-term maternal health post-

pregnancy
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Research Priorities
Clinical studies are essential to address:

o Safety and efficacy of CFTR modulators

during pregnancy and breastfeeding

o Outcomes of pregnancy in post-transplant

CF patients

o Strategies to optimize nutritional and

pulmonary status pre- and post-pregnancy

Multidisciplinary Care Models
Developing  standardized  protocols  for
pregnancy in CF, involving coordinated care
across specialties, can improve outcomes and

streamline management.

Patient Empowerment

Providing education and support through CF-
specific pregnancy counselling, peer networks,
and digital tools can enhance decision-making

and adherence to care plans.

Pregnancy in cystic fibrosis is increasingly

common as survival improves, but it presents

complex challenges due to the disease’s

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

multisystem impact and treatment-related
complications. Healthcare providers play a
critical role in assessing risks, guiding patients
through pregnancy, and managing pulmonary
manifestations. A

and  extrapulmonary

multidisciplinary, patient-centred approach,
supported by ongoing research, is essential to
optimize maternal and foetal outcomes. By
addressing knowledge gaps and enhancing care
coordination, the CF community can support
individuals in achieving parenthood while

maintaining health and quality of life.

TREATING THE UNDERLYING
CAUSE OF CYSTIC FIBROSIS (CF)

From Symptomatic Management to
Disease-Modifying Therapy
The CFTR gene

revolutionized the understanding of cystic

discovery of the

fibrosis, sparking the hope of a genetic cure.
While gene therapy remains elusive, recent
advancements have shifted the therapeutic
landscape from symptom management to
targeted treatment of the underlying CFTR
defect.

Historically, CF

managing complications, including:

treatments focused on

« Airway mucus obstruction (e.g., dornase
alfa)

e Chronic infections inhaled

(e.g,
antibiotics)

« Pancreatic insufficiency (e.g., enzyme
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replacement therapy)

These therapies address the downstream
consequences of dysfunctional CFTR, but

not the root cause.

CFTR Modulator Therapies: Targeting the
Underlying Defect

CFTR modulator therapies directly correct
CFTR protein dysfunction at the cellular

level, classified into:
1. Potentiators

« Ivacaftor enhances the function of gating
mutations (e.g., G551D) by increasing the
open probability of the CFTR chloride
channel.

e Mechanism: Enhances chloride transport
in CFTR proteins already present on the cell

surface.
2. Cotrrectors

o Lumacaftor and tezacaftor help correct
CFTR

trafficking, particularly in patients with

protein  misfolding  and
homozygous F508del mutations.

e Mechanism: Stabilize protein
conformation, allowing more CFIR to

reach the cell membrane.

3. Combined Therapy

Ivacaftor + Lumacaftor (Orkambi) and
(Symdeko)

improve both protein quantity and

Ivacaftor + ‘Tezacaftor

channel function.

e 'These combinations demonstrate:

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

o Improved function
(FEVy)

o Reduced frequency of pulmonary

pulmonary

exacerbations

o Enhanced weight gain and

nutritional outcomes

Mutation-Specific Therapy: Scope and

Limitations

Ivacaftor Gating mutations | ~15% of CF =2 years
(Kalydeco) (38 variants) patients
Lumacaftor/ Homozygous ~50% of CF =6 years
Ivacaftor F508del patients
(Orkambi)
Tezacaftor/ Homozygous or ~50% of CF =12 years
Ivacaftor heterozygous patients
(Symdeko) F508del

Note:

Future Considerations and Unmet Needs

Despite groundbreaking advances, significant

gaps remain:

o« Limited mutation coverage: A
considerable proportion of CF patients
have mutations not currently amenable to
available modulators.

o Paediatric underrepresentation: Most
trials have focused on adult populations.

Early intervention, before irreversible
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organ damage, may offer greater long-
term benefit.

o Cost and access issues: These therapies
are expensive, and access may be limited by

regulatory and insurance barriers.

Clinical Insight: Ongoing research focuses on
next-generation correctors, gene editing (e.g.,
CRISPR), and RNA therapies to expand
treatment applicability and potentially deliver a

functional cure.

Symptomatic treatment in cystic fibrosis (CF) is
affected

systems. For exocrine pancreatic insufficiency,

multi-faceted, targeting  various
patients require pancreatic enzyme replacement
therapy (PERT), a high-calorie, high-fat diet,
and fat-soluble vitamin supplementation to
address malabsorption. Endocrine pancreatic
insufficiency, commonly manifesting as CFRD,
is managed with insulin therapy to regulate
blood glucose and preserve pulmonary
function. In hepatic disease, ursodeoxycholic
acid may be used to support bile flow and
reduce liver fibrosis. The lung disease, the
primary cause of morbidity and mortality in CF,
necessitates respiratory therapy including chest
physiotherapy, exercise, and Secreto lytic
therapies (e.g., hypertonic saline, mannitol, and
rDNAse) to improve mucociliary clearance and
lung function. Antibiotics, both oral and

inhaled, are used to prevent and treat chronic
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infections, particulatly by Pseudomonas aeruginosa.

Upper airway disease, including chronic
rhinosinusitis (CRS), is managed with nasal
saline irrigation, topical nasal corticosteroids,
and sometimes functional endoscopic sinus

(FESS)

obstructive and anti-inflammatory therapies

surgery in severe cases. Anti-
(e.g., bronchodilators and corticosteroids) are
not recommended as baseline treatments but
can be used adjunctively, especially in the
presence of bronchoconstriction or asthma.
The goal of therapy is to improve quality of life,
prevent complications, and delay disease

progression.

MULTIDISCIPLINARY
APPROACH TO CYSTIC
FIBROSIS DIAGNOSIS AND
CARE

The importance of diagnostic evaluation in
cystic fibrosis (CF) is critical for early diagnosis,
ongoing monitoring, and effective
management. After a positive screening test
and definitive diagnosis, care should be
a team

provided by multidisciplinary

consisting of physicians, physiotherapists,
dietitians, psychologists, social workers, and
nurses, preferably in a specialized CF centre.
Regular check-ups are essential for assessing
the patient’s overall health and progress: every
3 months, evaluations should include height

and weight measurements, microbiological
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tests (throat and sputum cultures), and
pulmonary function tests (starting at age 6).
Annual should

abdominal ultrasonography, oral glucose

evaluations include

tolerance tests (from age 10), and monitoring
of

transaminases,

inflammatory parameters,

and serum fat-soluble
vitamin levels. Chest imaging, such as X-
ray, CT, or MRI, should be done regularly to
track lung health. These diagnostic measures
are crucial for and

tracking physical

psychosocial development, maintaining
pulmonary function, and avoiding organ

complications. With 87% of CF patients

experiencing exocrine pancreatic
insufficiency, lifelong treatment  with
pancreatic enzyme supplementation, a

high-calorie, high-fat diet (with 110-220%
of the

individuals),

daily caloric intake for healthy

and fat-soluble vitamin
supplementation is necessary. Additionally,
dietary counselling and education for both
patients and caregivers are important for age-
appropriate development and the prevention of
nutritional deficiencies. Regular monitoring
ensures that any complications, such as

underweight status, can be addressed by

adjusting  caloric intake and  possibly
implementing nocturnal dietary
supplementation through percutaneous

endoscopic gastrostomy (PEG) if needed.
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The structure of the core cystic fibrosis

multidisciplinary team and other

associated specialisms
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MAJOR AND COMMON
COMPLICATIONS IN CYSTIC
FIBROSIS

Cystic fibrosis (CF) is a complex, multisystem
disorder that affects several organs beyond the
lungs, leading to a range of complications that
can significantly impact the patient's quality of
life and overall health. Respiratory disease,
poor nutrition, and pancreatic insufficiency are
among the most common issues, but other
complications, such as liver disease, diabetes,
osteopenia, osteoporosis, and mental health

conditions, are also prevalent.

e Liver Involvement:
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Liver complications affect approximately
32% of CF patients, ranging from mild
steatosis to severe hepatic fibrosis and
secondary biliary cirrhosis. Ursodeoxycholic
acid is commonly prescribed for liver
management, although its benefits are not
strongly supported by clinical evidence.
Liver transplantation may be required for
patients with severe portal hypertension or

hepatic dysfunction. Screening for liver

disease includes annual transaminase
measurements and abdominal
ultrasonography, typically starting in

childhood or adolescence.

Cystic Fibrosis-Related Diabetes

(CFRD):

As CF patients age, the frequency of CFRD

increases, caused by a combination of
insulin

that all

patients aged 10 years and older undergo

insulin resistance and reduced
secretion. It is recommended
annual oral glucose tolerance tests. Insulin
therapy is the standard treatment, and it is
crucial to adapt the therapy alongside the
patient's high-calorie, high-fat diet. CFRD is
associated with more severe lung disease,
more frequent pulmonary exacerbations,
and poorer nutritional status.

Osteopenia and Osteoporosis:

Vitamin D deficiency, chronic
inflammation, and other factors contribute
to bone loss in CF patients, resulting in
and These

osteopenia osteoporosis.
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conditions increase the risk of rib and
which

disease

fractures, further

the

contributes to long-term morbidity.

vertebral

complicates course and
Distal Intestinal Obstruction Syndrome
(DIOS):
DIOS,

secretions that lead to sub-ileus or partial

caused by thickened intestinal

bowel obstruction, is another complication
seen in CF patients. This condition is
associated with abdominal discomfort,
bloating and can lead to more severe
gastrointestinal problems if left
unaddressed.

Mental Health Issues:

Depression and anxiety are common among
both CF patients and their caregivers. These
health

adherence to

mental conditions can impair

treatment  regimens,
contribute to worsening lung disease, and
reduce the quality of life. Routine screening
tor mental health issues is recommended to
facilitate early intervention. The emotional
burden of CF can severely affect the
patient’s psychological well-being, and
active support through counselling or
therapy is necessary.

Chronic Sinusitis:

Chronic rhinosinusitis (CRS) is present in
30% of CF patients and is a significant cause
of morbidity. CRS can cause nasal polyps,

persistent secretions, and nasal obstruction,

all of which contribute to a decreased
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quality of life. Surgical interventions, such as
endoscopic sinus surgery, may be required
for severe cases.

Other Organ Involvements and
Complications:

CF can also lead to complications in other
organ

systems, including the kidneys,

gastrointestinal tract, and reproductive
system. Men with CF often suffer from
infertility due to the congenital absence of
the vas deferens. Furthermore, the chronic
and progressive nature of lung disease,
characterized by frequent pulmonary
exacerbations and bacterial infections, is the
leading cause of morbidity and mortality in
CF patients.

Rehabilitation and Education:

Inpatient rehabilitation programs play an
essential role in the treatment of CF by
improving disease-related quality of life and
empowering patients and their families with
self-management skills. Regular physical
therapy, along with patient and family
education, is crucial for the effective
management of CF and prevention of
further complications. Regular follow-ups
with a multidisciplinary care team, including
physicians, physiotherapists, dieticians, and
psychologists, vital  to

are ensuring

comprehensive care for CF patients.

Given the complex nature of CF and the many
potential complications, a multidisciplinary

approach, including regular  screenings,
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appropriate therapies, and emotional support,
is crucial to improving the patient's overall

health and quality of life.

Complications of
Cystic Fibrosis
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COMPLICATIONS ASSOCIATED
WITH CYSTIC FIBROSIS

Cystic fibrosis (CF) is a complex, multisystem
disorder that leads to various complications
beyond pulmonary impairment, notably
affecting gastrointestinal, hepatic, endocrine,

and psychological health.
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1. Nutrition and Gastrointestinal

Complications

A significant majority of individuals with CF
exhibit exocrine pancreatic insufficiency,
necessitating lifelong pancreatic enzyme
replacement therapy (PERT). Despite
advances in nutritional management, most
patients remain dependent on porcine-derived
enzymes, which raises concerns about potential
supply vulnerabilities, such as zoonotic threats.
Research into plant-based or recombinant
enzyme alternatives is ongoing to mitigate

this risk.

Patients require a high-calorie, high-fat diet
(110-220% of normal daily intake, with 35—
40% fat), along with fat-soluble vitamin
(A, D, E, K.

Monitoring of serum vitamin levels and INR

supplementation and
for vitamin K function is recommended

annually to optimize supplementation.

Among gastrointestinal complications, Distal
Intestinal Obstruction Syndrome (DIOS) is
particularly challenging. Unlike constipation,
DIOS involves blockage in the terminal ileum
or cecum and responds pootly to laxatives.
Treatment strategies are limited, and evidence-

based prevention is still under investigation.

2. Liver Disease

Cystic fibrosis-related liver disease

(CFRLD) is one of the leading non-pulmonary

causes of morbidity. It typically arises from
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CFTR dysfunction in biliary epithelial cells,
leading to bile duct obstruction, fibrosis, and
potentially multilobe cirrthosis with portal
hypertension. Alarmingly, liver enzymes may
remain normal even in advanced disease stages,
necessitating reliance on annual liver function
(e.g.,

ultrasonography) from childhood.

tests and imaging abdominal
Advanced imaging techniques like Shear Wave
Elastography (SWE) are being explored for
their ability to detect hepatic stiffness and early
fibrosis. However, validated biomarkers and
for

clinical guidelines

CFRLD are still lacking.

managing early
The therapeutic role of ursodeoxycholic acid
(UDCA) remains controversial due to limited
supporting evidence. While some patients
receive UDCA, robust trials are needed to
confirm its effectiveness. Emerging treatments
include CFTR modulators and new bile acid

analogues, though more research is required.

3. Endocrine and Skeletal Complications

As patients age, Cystic Fibrosis-Related
Diabetes (CFRD) becomes more prevalent
due to a combination of insulin deficiency and
resistance. Annual Oral Glucose Tolerance
Tests (OGTT) starting at age 10 are essential
for early detection. Insulin therapy, rather
than oral agents, is the standard treatment, and
it must be integrated with the patient’s high-fat

dietary requirements.
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Osteopenia and osteoporosis are also
common, resulting from chronic inflammation,
malabsorption, and vitamin D deficiency.
These conditions increase the risk of vertebral
and rib fractures. Regular screening and

vitamin D supplementation are critical to

skeletal health.

4. Psychological and Emotional Health

CF poses a substantial emotional burden.
Anxiety and depression affect 21% and 10%
of patients, respectively, and are also common
among caregivers. These conditions are linked
to reduced treatment adherence, more
frequent pulmonary exacerbations, and
worse clinical outcomes. As such, annual
psychological 18

screening strongly

recommended.

In regions like the United States, inpatient

rehabilitation programs and structured
education for patients and families enhance

self-management and quality of life.

Cystic fibrosis affects multiple organ systems,
making comprehensive, multidisciplinary
care ecssential. Early detection, consistent
screening, and evolving therapeutic approaches
ranging from enzyme replacement to
psychological support are crucial for improving
prognosis and enhancing the quality of life for

those living with CF.
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CYSTIC FIBROSIS IN THE 21ST
CENTURY: CHANGING
DEMOGRAPHICS AND
PRECISION THERAPY
FRONTIERS

Cystic fibrosis (CF) has evolved from a fatal
childhood disease to a chronic condition with
survival. Advances in

increasing  adult

diagnostics, therapies, and personalized care
the
landscape and prognosis for individuals with

CF.

have significantly reshaped clinical

1. Improved Survival and Aging CF

Population

e Median Survival Trends:
o The median predicted survival in the
U.S. has increased dramatically from
28.9 years (1999) to 40.3 years (2019).
A projected median survival of 56 years
is anticipated if mortality trends continue
improving at the current rate of 2.1%
per year (2009-2019).
e Adult CF Population:
o The majority of people with CF are now
adults,  necessitating  age-specific
healthcare models.
Adults over 40 years with CF are
increasingly common, with a median
age at diagnosis of 48.8 years, often
milder

exhibiting nonclassical,

phenotypes.
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2. Universal Newborn Screening (NBS)

Early Diagnosis:

o Widespread implementation of NBS in
all U.S. states and many countries has
facilitated early identification, often
before the onset of symptoms.

o In 2019, over 50% of CF diagnoses in
the U.S. were made via NBS.

Clinical Benefits:

o Associated with reduced structural

lung damage, improved lung
function, and Dbetter nutritional
outcomes.

o Studies show signs of airway

inflammation and infection as early as
3 months of age, emphasizing the
importance of early intervention.

CRMS/CFSPID:

o NBS has led to increased diagnosis of
CFTR-Related Metabolic Syndrome
(CRMS) or CF Screen Positive,
Inconclusive Diagnosis (CFSPID)—
conditions with positive NBS but
indeterminate diagnostic results,

often representing mild or atypical

phenotypes.

3. Phenotypic Diversification

o

Milder Presentations:

Genotyping and early diagnosis have
broadened the CF phenotype spectrum,
milder or

increasing recognition of

atypical disease forms.

CYSTIC FIBROSIS — ANY CURE ON THE HORIZON

Changing Microbiologic Trends:
The

aeruginosa infection has decreased over

prevalence of Pseudomonas
the last two decades, owing to early
eradication strategies.

Nutritional optimization and infection
control likely contribute to improved

pulmonary function across cohorts.

4. Implications for Clinical Management

and Research

Personalized and Precision Medicine:

o Traditional care was symptom-based;
current strategies are mutation-specific
and mechanism-driven.

o CFTR modulators and potentiators

(e.g., ivacaftor, elexacaftor-tezacaftor-

ivacaftor) are landmark therapies,
directly addressing the underlying
CFTR dysfunction.

Broader Therapeutic Pipeline:
o Ongoing clinical trials focus on:
" Anti-inflammatory agents
* Treatments for chronic infections
* Improved pancreatic enzyme
therapies
" Therapies targeting rare CFTIR
mutations
Research Challenges:
o The expanding and diversifying patient
population calls for clinical trials

tailored to different phenotypes,
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especially patients with milder disease
or late-onset CF.

There is also a growing need to address
long-term complications, adult-onset
CF, and quality of life across decades of

disease progression.

Cystic fibrosis demographics have undergone a
transformative shift with earlier diagnosis,
increasing survival, and wider phenotypic
variability. These changes highlight the urgent
for research,

need precision-focused

lifespan-oriented  care models, and
mutation-specific treatments to meet the

diverse needs of today’s CIF population.

CONCLUSION

The clinical presentation and natural history of
cystic fibrosis (CF) are undergoing a profound
transformation, attributable  to

largely
significant advancements in care over the past

These

markedly enhanced survival and quality of life

two decades. improvements have
tor individuals with CF, yet they predate the full
integration of novel targeted therapeutics that

are now reshaping the treatment landscape.

The emergence of CFTR modulators and other
innovative therapies represents a paradigm
shift, underscoring the power of translational
research and the impact of precision medicine.
These therapies not only modify the course of
disease but also offer hope for a fundamentally

improved patients and their families.
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Remarkable progress has been made since CF
was first described, with the most significant
gains stemming from enhanced nutritional
support and pulmonary care. However, as life
expectancy increases, new challenges are
emerging. Extra-pulmonary complications,
such as chronic sinusitis, CF-related diabetes,
osteopenia/osteoporosis, and mental health
disorders, including anxiety and depression, are
becoming increasingly prevalent. Additionally,
complications  associated with long-term
therapies, such as aminoglycoside-induced
nephrotoxicity and ototoxicity, as well as
catheter-related thrombosis, require dedicated

research and management strategies.

Ongoing innovation is essential. Untl a
definitive cure is achieved for all individuals
with CF, continued development of therapies is
critical not only to slow disease progression but
also to address the growing complexity of CF-
related comorbidities in an aging patient
population.

The future of CF care is promising. With
sustained investment in research, personalized
medicine, and holistic patient support, we
move closer to the ultimate goal: a life

unlimited by CF.
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