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ABSTRACT

Introduction: Cystic fibrosis (CF) is a genetic disease that primarily affects the respiratory system and
often leads to respiratory failure and premature death. Although pulmonary complications contribute
to 85% of deaths, non-pulmonary complications are responsible for significant morbidity and mortality
in adults with CF.

Areas covered: This review summarizes acute and chronic non-pulmonary complications in CF patients,
with emphasis on emerging complications and in the context of the current growth and aging of the CF
adult population. It also addresses the potential benefits of CF transmembrane conductance regulator
modulator therapy. Complications that occur after solid organ (e.g. lung and/or liver) transplantation
have been excluded. The review is based on an extensive search of the available literature, using
PubMed and international guidelines, and on the authors’ clinical experience.

Expert commentary: Acute non-pulmonary complications have been well described but should be
recognized and managed carefully. Managing chronic non-pulmonary complications is an important
and changing aspect of CF patient care, particularly with the emergence of novel complications in
adults. Early detection of non-pulmonary complications is essential to the development of prevention
and treatment strategies that aim to further improve the survival and health status of adult CF patients.
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1. Introduction

Cystic fibrosis (CF) is the most common genetic disease in
Caucasian populations, affecting at least 70,000 individuals
worldwide [1]. It is a multisystem disease affecting the lungs,
pancreas, intestine, liver, and reproductive organs. Significant
improvements in survival have been achieved in the past six
decades [2], but CF remains associated with premature death
secondary to respiratory failure [3]. The demographic charac-
teristics of the CF population have dramatically changed over
the past decades and more than half of CF patients are now
18 years or older in many countries [1]. Recent studies predict
a 50% increase in the overall number of CF patients, with
a 75% increase in the European adult CF population between
2010 and 2025 [4,5]. These figures, which reflect both reduced
pediatric mortality and increased life expectancy in adults,
suggest that the CF adult population will continue to grow
and age over the next decade. Because CF is a progressive
disease in which the risk of pulmonary and non-pulmonary
complications increases with age, one can expect that the
incidence and severity of non-pulmonary complications will
increase because of rising life expectancy. Table 1 summarizes
the main acute and chronic non-pulmonary complications that
have been observed in adults with CF.

The objectives of this review are to (1) provide
a comprehensive review of non-pulmonary complications in
adults with CF, distinguishing between acute versus chronic
complications; (2) describe emerging and classical chronic com-
plications; (3) review current international guidelines - when

available - on the management of these comorbidities; (4)
suggest screening and prevention strategies for selected com-
plications; and (5) review the impact of CF transmembrane
conductance regulator (CFTR) modulators, which bind to defec-
tive CFTR proteins and partially restore their function [6], on
non-pulmonary complications. The management of pediatric
CF patient care has been described [7-9] and will not be exam-
ined here. Likewise, non-pulmonary complications that occur
after lung transplantation have been the subject of a recent
review [10] and will not be discussed here as they can be
attributed to both CF and immunosuppressive therapy.

2. Acute non-pulmonary complications in adult
patients with CF

2.1. Acute hyponatremic dehydration

Acute hyponatremic dehydration (AHD) is a common complica-
tion in CF and has been described as a major feature of CF
disease [11,12]. Although it is more prevalent in the pediatric
population, CF adults are also at risk [13]. AHD occurs secondary
to sodium loss through perspiration — CF patients have much
higher sweat concentrations of sodium and chloride than the
general population. Symptoms are nonspecific and can include
fatigue, nausea, vomiting, rapid weight loss, cramps, headaches,
hypotension, and/or fever. In most cases, AHD is associated with
the following contributing factors: hot and dry weather condi-
tions [13], exercise, and/or fever. The classical laboratory findings
are hyponatremia, hypochloremia, and metabolic alkalosis. AHD

CONTACT Pierre-Régis Burgel @ pierre-regis.burgel@aphp.fr @ 27, rue du Faubourg Saint Jacques, Paris 75014, France

© 2018 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/17476348.2019.1552832&domain=pdf

2 (&) L REGARD ET AL

Table 1. Acute and chronic non-pulmonary complications in adults with CF.

Chronic complications

Acute complications

Sinus

Genito-urinary tract

Pancreas

Acute hyponatremic dehydration

Rhinosinusitis

Male infertility (absence of vas deferens)

Female hypofertility

Amenorrhea

Exocrine pancreatic

insufficiency

Nasal polyposis

CF-related diabetes
Pancreatic cysts

Liver

Urinary stress incontinence

Bone/joint

Kidney

Pancreas

Metabolic alkalosis
Chronic kidney disease

Osteopenia/Osteoporosis
CF-related arthropathy

Elevation of serum liver

enzymes

Acute pancreatitis

Gall bladder

Diabetic nephropathy

Hypertrophic pulmonary osteoarthropathy

Steatosis

Biliary lithiasis (colic, cholecystitis,

cholangitis)

Nephrolithiasis, nephrocalcinosis

Amyloidosis
Malignancies

Cirrhosis

Drug induced/device-related

Gastrointestinal tract

Gastrointestinal tract

Colorectal

Adrenal insufficiency (corticosteroids, azoles)

Hearing loss (aminoglycosides)

Gastroesophageal reflux

disease

Distal intestinal obstruction syndrome

Intussusception
Appendicitis

Kidney

Digestive tract (small bowel, esophagogastric junction, biliary tract,

pancreatic)

Chronic kidney disease (aminoglycosides)

Constipation

Lymphoid leukemia

Testicular
Psychiatric

Superior vena cava stenosis/syndrome (central venous

catheter)

Skin

Inguinal hernia

Symptomatic nephrolithiasis
Drug-induced/device-related

Nutrition

Aquagenic palmoplantar keratoderma Anxiety

Malnutrition
Obesity

Acute kidney injury (aminoglycosides)
Allergy and adverse drug reaction

Depression

Clostridium difficile colitis (antibiotics)

Central venous catheter

Thrombosis
Infection

symptoms should be recognized promptly by patients and care-
givers as dehydration can evolve into hypovolemia and hypovo-
lemic shock, acute renal failure and ultimately death, if not
rapidly treated [13]. Patients presenting with AHD should be
hospitalized and closely monitored. Treatment involves rehydra-
tion with intravenous isotonic saline. Patients should be advised
to increase water and sodium intake when exercising and during
hot weather conditions.

2.2. Acute pancreatitis

Acute pancreatitis (AP) occurs in 10-22% of CF patients that
otherwise show no pancreatic insufficiency (Pl) [14-16] and
whose CFTR mutations are associated with residual CFTR func-
tion [16-18]. This complication may be the consequence of
ductal obstruction secondary to semi-viscous pancreatic secre-
tions and/or gallstone migration. AP recurrence is frequent
(75%) and sometimes results in impaired exocrine pancreatic
function, leading to PI. Since presentation is often character-
ized by non-specific abdominal pain, AP should be suspected
in pancreatic-sufficient patients presenting with recurrent
abdominal pain, nausea and vomiting. Laboratory findings
include elevated lipase and/or amylase. Imaging evidence of
AP shows pancreatic edema or the presence of peripancreatic
fluid (Figure 1(a)) and, rarely, hemorrhage and necrosis. The
preferred imaging techniques are ultrasonography or mag-
netic resonance imaging (MRI), as they expose patients to
less radiation than computed tomography (CT) scans.
Physicians should search for additional risk factors, such as
alcohol use, that can trigger AP [19,20]. AP management in
CF and non-CF patients is similar and recent international
guidelines now recommend early (within 24 h) food intake
(as tolerated) rather than fasting [21]. However, the associated
dehydration is likely to be more severe in the CF population;
therefore, particular attention should be given to rehydration
and electrolyte monitoring [22]. Antibiotics should not be
prescribed systematically and are indicated only in compli-
cated AP cases (abscess, necrosis) or if the patient presents
with a concurrent respiratory exacerbation.

2.3. Acute complications of gallstones: symptomatic
cholelithiasis, cholecystitis, and acute cholangitis

Gallbladder abnormalities are reported in 24-50% of CF
patients and include a small or absent gallbladder, gallbladder
dysfunction, symptomatic cholelithiasis, and malignancy
[23,24]. Calcium bilirubinate gallstones, which arise from insuf-
ficient bile acidification secondary to bile stasis, are frequent in
CF patients, although their prevalence has not been estimated
recently. Symptomatic gallbladder disease occurs in up to 4%
of CF patients [25]. Biliary colic usually occurs secondary to
symptomatic cholelithiasis or gallbladder dyskinesia [23].
Typically, patients present with a gradual onset of postpran-
dial squeezing right upper quadrant pain. Ultrasonographic
examination should be performed to visualize the gallstones
(Figure 2(a)) and to rule out more severe complications, such
as cholecystitis or acute cholangitis. Cholecystitis should be
suspected in patients presenting with sustained right upper
quadrant pain, along with fever and chills, and acute
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Figure 1. Acute non-pulmonary complications in adults with CF.

(a) Acute pancreatitis in a 26-year-old pancreatic sufficient patient presenting with acute abdominal pain. Axial T2-weighted magnetic resonance image of the abdomen
showing an edematous pancreatitis with peripancreatic hyperintensity corresponding to peripancreatic fluid (arrow). (b) Distal intestinal obstruction syndrome (DIOS) in a 32-year-
old patient presenting with recurrent episodes of DIOS. Coronal non-enhanced computed tomography image of the abdomen with oral opacification showing significant jejunal
dilation (*) with inspissated fecal material in the distal ileum (arrowhead). (c) Acute venous thrombosis resulting from central venous catheter in a 59-year-old CF patient. Coronal
contrast-enhanced computed tomography image showing jugular thrombosis (arrowhead) in a CF patient with a central venous catheter (arrow). (d) Superior vena cava syndrome in
a 30-year-old CF patient. Axial contrast-enhanced computed tomography image showing major collateral circulation (arrows) in a CF patient presenting with acute venous thrombosis

caused by a central venous catheter.

cholangitis in those who also show signs of jaundice.
Symptomatic cholelithiasis, cholecystitis, or acute cholangitis
management in CF and non-CF patients is similar (Table 2). For
those  presenting  with  symptomatic  cholelithiasis,
a laparoscopic cholecystectomy should be discussed after
the first acute episode to prevent recurrence and complica-
tions. This surgical procedure is usually safe in CF patients
unless pulmonary function is severely impaired [23]. The effec-
tiveness of conservative treatment, such as ursodeoxycholic
acid (UDCA) or lithotripsy, has not been demonstrated in the
management of symptomatic gallstones [26]. Cholecystitis
treatment should include antibiotic administration and
delayed laparoscopic cholecystectomy. For acute cholangitis,
treatment consists of antibiotics, stone removal through endo-
scopic retrograde cholangiopancreatography if accessible, per-
cutaneous drainage of the biliary tract, and/or surgery [23].
Patient management should be multidisciplinary, involving
anesthesiologists, gastroenterologists, surgeons, and CF phy-
sicians [23].

2.4. Acute gastrointestinal complications: distal
intestinal obstruction syndrome, intussusception, and
appendicitis

2.4.1. Distal intestinal obstruction syndrome

Distal intestinal obstruction syndrome (DIOS) is a frequent
complication in CF patients and is brought on by the accumu-
lation of viscous fecal material and sticky mucous secretions in

the distal ileum and cecum [27]. In a recent study, DIOS
incidence in the adult CF population was estimated at 7.8
episodes/1000 patient-years [27]. DIOS diagnosis can be chal-
lenging because symptoms might not be specific (abdominal
pain, nausea, vomiting). Differential diagnoses include consti-
pation, appendicitis, appendicular abscess, mucocele of the
appendix, intussusception, or malignancy. In 2011, an interna-
tional consensus introduced the differentiation between
Complete DIOS (C DIOS) and Impending DIOS (I DIOS) [28].
A CT scan is the gold standard for diagnosis and usually shows
intestinal wall thickening, inspissated fecal material in the
distal ileum, and small bowel dilation [29] (Figure 1(b)). Risk
factors for DIOS include severe CFTR genotype, history of
meconium ileus, Pl, previous DIOS, CF-related liver disease
(CFLD), CF-related diabetes (CFRD), airway colonization with
P. aeruginosa, and dehydration [27,30]. Delayed diagnosis and
treatment are both associated with significant morbidity [22].
For | DIOS, oral rehydration combined with oral osmotic laxa-
tives (containing polyethylene glycol (PEG) or sodium meglu-
mine diatrizoate [Gastrografin®]) is almost always sufficient.
For C DIOS, patients should be hospitalized and treated in
a stepwise approach [30]. In those presenting with moderate
obstruction and no vomiting, an oral osmotic laxative is the
first line of treatment (PEG or Gastrografin®), followed by
intravenous hydration, fasting, nasogastric aspiration, and
pain relief if the patient presents with bilious vomiting.
A Gastrografin® enema can be administered but should be
performed by an experienced radiologist to prevent the
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Figure 2. Chronic non-pulmonary complications in adults with CF.

(a) Complete fatty atrophy of the pancreas and cholelithiasis in a CF patient presenting with pancreatic insufficiency. Axial non-enhanced computed tomography image of the
abdomen showing the typical appearance of end-stage pancreatic disease with complete fatty replacement: diffuse fatty attenuation with no discernable residual pancreatic tissue (arrow).
Arrowhead shows lithiasis in the gallbladder. (b) Chronic pancreatitis. Axial non-enhanced computed tomography image of the abdomen showing extensive pancreatic calcifications
(arrow). (c) Pancreatic cysts in a 28-year-old patient with CF. Axial contrast-enhanced computed tomography image of the abdomen showing small and large cephalic pancreatic cysts
(arrow). (d) Hepatic steatosis. Axial non-enhanced computed tomography image of the abdomen showing low hepatic attenuation compared with the spleen and accentuation of
vascular structures. (e) Cirrhosis in a 27-year-old patient. Axial contrast-enhanced computed tomography image of the abdomen showing a lobular cirrhotic liver (arrowhead), stigmata
of portal hypertension including splenomegaly (asterisk) and porto-systemic collateral pathways (arrow). (f) Asymptomatic renal lithiasis. Axial non-enhanced computed tomography
image of the abdomen showing two renal stones in the right kidney (arrows). (g) Chronic sinusitis. Coronal non-enhanced computed tomography image of the head showing osseous
thickening (arrow) and opacification of the maxillary sinuses (asterisk). (h) Aquagenic palmopl keratoderma. Picture of the right hand of a CF patient presenting typical features of
aquagenic palmoplantar keratoderma: small whitish papules (arrow) gathering into edematous plaques and associated to erythematous areas of the palms.

severe complications (shock, perforation, necrotizing entero- hydration, regular physical activity and, in patients with
colitis) that may result from a fluid shift from the circulation to  a history of DIOS, p.o. osmotic laxatives. Since poorly con-
the bowel [30]. If conservative treatment fails, surgery should trolled fat absorption increases the risk of DIOS (via impaired
be discussed [27]. DIOS prevention consists of adequate luminal content viscosity and ileal brake activation), the dose



Table 2. Suggested or recommended interventions to prevent/manage selected acute non-pulmonary complications in adults with CF.

Ref

Management guidelines

Suggested/recommended prevention

Complications

None

- Avoid exercise during hot weather

Acute hyponatremic dehydration

- Increased water and salt intake when exercising and/or hot weather

[24]

(1,2]

(32]

Yes, nonspecific to CF

- Discourage alcohol use in pancreatic sufficient patients, especially if there is a previous history of acute pancreatitis

- Perform early cholecystectomy in patients with symptomatic gallbladder disease

- Adequate hydration

Acute pancreatitis

Yes, nonspecific to CF
Yes, specific to CF

Acute lithiasic cholecystitis

Distal intestinal obstruction syndrome

- Long-term oral laxatives if prior episode of DIOS
- Proactive initiation of a scheduled bowel regimen

- Pancreatic enzyme replacement therapy reevaluation if prior episode of DIOS

- High fluid intake

(3]

Yes, nonspecific to CF

Symptomatic nephrolithiasis

- Low-oxalate and high-calcium diet

(47]

Yes, specific to CF

- Follow recommended treatment dosing

Acute kidney injury

- Therapeutic drug monitoring when using aminoglycosides or glycopeptides

- Avoid gentamicin (prefer tobramycin or amikacin) when using aminoglycosides

- Avoid co-administration of nephrotoxic drugs (e.g. aminoglycosides and NSAID’s)

- Plasma creatinine measurements during IV antibiotics in patients at higher risk (CFRD, chronic kidney disease)
- Written instructions for emergency treatment in case of allergic reactions during outpatient IV antibiotic courses

- Desensitization procedure for important drugs with no other treatment option

- Hospitalization to start new antibiotic treatment in patients at risk

(23]

Yes, specific to CF

Type | hypersensitivity reaction to antibiotics
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of pancreatic enzymes prescribed should be adjusted and
regularly evaluated [22]. If a patient has recurrent episodes
of DIOS, the introduction of a scheduled bowel regimen using
PEG-based solution can be considered [31].

2.4.2. Intussusception

Intussusception is rarely seen in adult CF patients [32,33]. It
usually involves the ileocecum and can resolve spontaneously
[32]. Intussusception can also occur as a complication of DIOS
[30] or colorectal cancer. Treatment should be conservative and
consists of water-soluble contrast enema [34]. A colonoscopy is
indicated after the first episode to rule out malignancy [33].

2.4.3. Appendicitis

In CF patients, appendiceal disease ranges from simple
mucous distension to appendiceal mucocele and acute appen-
dicitis [35]. The incidence of appendicitis is lower in CF
patients (1-2%) than in the general population [36]. In CF,
nonspecific presentation and symptom attenuation - due to
frequent antibiotic treatment for pulmonary exacerbations —
often delay diagnosis. As a consequence, CF patients are at
higher risk developing complications (appendiceal abscess or
mass, perforation) [37]. Radiological diagnosis can be challen-
ging due to the mucous distension of the appendix observed
in CF patients [38]. Management is based on antibiotics and
appendectomy as in the non-CF population.

2.5 Symptomatic nephrolithiasis

With a prevalence of 2.0-6.3% [39], nephrolithiasis is more
frequent in CF patients than in the general population (Figure
2(f). Risk factors associated with stone formation include
decreased urine output, hyperoxaluria, and hypocitraturia [40].
Hyperoxaluria is the consequence of a reduction in enteric
colonization by Oxalobacter formigenes (an oxalate-degrading
bacterium) secondary to Pl and recurrent courses of antibiotics
[41]. Although nephrolithiasis can be asymptomatic, acute
symptomatic nephrolithiasis can occur in CF adults who show
the classical symptoms of renal colic and hematuria.
Management should involve pain relief and hydration. For recur-
rent or complicated nephrolithiasis, lithotripsy or surgery should
be considered [39]. Prevention includes increased fluid intake,
and a low-oxalate/high-calcium diet [22].

2.6 Drug-induced and catheter-related acute
complications

2.6.1. Acute kidney injury

In CF patients, acute kidney injury (AKI) is usually the result of
intravenous (IV) aminoglycoside treatment, with a higher risk of
developing AKI with gentamicin than with tobramycin [42]. In
addition to aminoglycoside exposure, patients often have addi-
tional risk factors, including CFRD, preexisting renal failure,
dehydration, and concurrent use of another nephrotoxic drug.
Other drugs may be involved in the development of AKI: cepha-
losporins, colistin, nonsteroidal anti-inflammatory drugs
(NSAIDs), amphotericin and ciprofloxacin. To prevent drug-
induced AKI, a once daily tobramycin regimen, regular benefit/
risk monitoring and avoiding other concurrent nephrotoxic
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drugs are recommended [22]. Attention should be given to
patients with a history of CFRD and/or preexisting chronic
renal failure. The UK's Cystic Fibrosis Trust Antibiotic Working
Group recommends creatinine monitoring before the first dose
and again before the eighth dose [43]. Given that the CF popu-
lation is aging and presenting with more comorbidities, the risk
of developing AKI secondary to IV aminoglycoside treatment (or
other nephrotoxic drugs like glycopeptides) is likely to increase
in coming years.

2.6.2. Allergy

In CF patients, the incidence of hypersensitivity reactions
(HSRs) to IV antibiotics has been reported to be up to three
times higher than in the general population [44,45]. This
higher risk is thought to be related to higher cumulative
antibiotic exposure and to the high immunogenic nature of
the antibiotics (e.g. beta-lactams) prescribed for pulmonary
exacerbations. However, it is worth noting that various clinical
manifestations have been reported as HSRs even though
a proportion would probably not meet immune-mediated
HSR criteria [46]. The majority of HSRs reported in CF patients
are delayed [47] and true type 1 HSRs to antibiotics may have
been overestimated in patients with CF [48,49]. If a patient has
a type 1 HSR and if no other treatment option is available,
clinicians should prescribe a desensitization protocol [50],
which has been reported to be successful in up to 65% of
cases in a recent study [45].

2.6.3. Clostridium difficile infection

CF patients are at high-risk of acquiring Clostridium difficile
(C. difficile) due to frequent antibiotic exposure, frequent hos-
pitalizations, and decreased gastric acid secretions [51].
A recent study reported a 50% asymptomatic carriage rate in
CF patients compared with 2% in a healthy control group
(stools positive for C. difficile in the absence of clinical symp-
toms) [52]. Yet C. difficile infection (colitis symptoms and posi-
tive stool culture for toxin-producing C. difficile) rates remain
low in the CF population [53], probably due to a superior
ability to generate robust humoral immunity against
C. difficile toxins [54]. In CF patients, the clinical presentation
of a C. difficile infection can be atypical [55] leading to delayed
diagnosis and treatment. International guidelines for the man-
agement of C difficile infection in the general population
should be followed for CF patients [56]. First-line treatment
should include oral vancomycin or fidaxomicin. Metronidazole
should be used only if vancomycin or fidaxomicin are not
available or when IV treatment becomes necessary. For recur-
rent C. difficile infection, fecal transplantation may be consid-
ered although only one case of successful fecal transplantation
in a CF patient has been reported in the literature [57]. The
effectiveness of probiotics has not been evaluated.

2.6.4. Central venous access complications

Over time, peripheral venous access can become challenging in
adults with CF who have received repeated courses of IV antibio-
tics. Central venous catheters (CVCs), including peripherally
inserted central catheters (PICC) and totally implantable central
venous catheters (TICVC), are frequently used in this population.
Both PICCs and TICVCs can lead to local or systemic complications

although complication rates remain low in the CF adult popula-
tion: 13.1-21.0% for PICC lines and 0.337 to 0.905 per 1000 catheter
days for TICVC have been reported [58-63]. The most frequent
complications for PICC lines include occlusion (18-21%) and pain
(18%) [59,64]. Symptomatic deep vein thrombosis has been
reported in 2-8% of PICC carriers [59,65] and infectious complica-
tion rates are very low (0-0.8%) [59,61]. A recent multicenter study
identified several risk factors for PICC line complications, including
larger catheter diameter, multiple lumens, poor nutritional status,
Burkholderia cepacia spp., infection and having =5 PICCs inserted
during the study period [61]. TICVCs can lead to complications
such as thrombosis (Figure 1(c)), embolism, superior vena cava
(SVC) syndrome (Figure 1(d)), occlusion, stenosis, sepsis, and pneu-
mothorax [62].

Infection rates remains low, with an incidence of 0-9% per
catheter inserted [62,66]. The most common organism cul-
tured from the bloodstream of these patients are fungi (parti-
cularly Candida species) [62,66]. Prevention and management
strategies for intravascular catheter related infections should
follow published guidelines [67,68]. Symptomatic thrombosis
rates vary from 3.5% to 16.4% [69,70]. SVC syndrome symp-
toms include dyspnea, venous distension in the neck, facial
swelling, chest wall edema, and, occasionally, cyanosis [71].
The mechanisms of CVC occlusion include (1) fibrin sheath
formation; (2) CVC lumen occlusion; (3) Ball valve occlusion
preventing aspiration but not infusion; and (4) mural throm-
bosis leading to catheter-related thrombosis.

There are no CF-specific recommendations for the manage-
ment of PICC- or TICVC-associated occlusion. Current general
guidelines recommend that: (1) catheters should be removed
only if not needed or nonfunctional and (2) anticoagulant
therapy should be the first line treatment, using low molecular
weight heparin, although vitamin K antagonists can also be
used (lack of comparative studies) [72]. The duration of antic-
oagulation therapy should be discussed on a case-by-case
basis since patients with CF are at high risk of hemoptysis. IV
thrombolysis should only be used in patients with a high
thrombotic risk (severe SVC despite systemic anticoagulation)
[72]. Catheter-directed thrombolysis, angioplasty, or percuta-
neous stenting [60,69] have also been reported to be success-
ful in CF patients. PICC line occlusions can be resolved with
saline or urokinase injection [59]. Table 2 summarizes sug-
gested interventions to prevent and/or manage selected
acute non-pulmonary complications in adults with CF.

3 Classical chronic non-pulmonary complications in
adults with CF

This section reviews chronic non-pulmonary, symptomatic
complications that are classically associated with CF and can
lead to increased treatment burden in adults.

3.1. Exocrine Pl

Pancreatic exocrine disease is the earliest manifestation of CF:
it has been reported to start during fetal life [73] and 80-85%
of CF patients develop Pl before age one [74]. Pl is also the
most frequent extrapulmonary complication of CF with
a prevalence reaching 90% in the adult population [75]. It is



correlated with genotype: patients with two severe CFTR
mutations (Classes | to lll and class VI) are more likely to
present with early Pl (often at birth), while patients with one
mild (Class IV or V) mutation are usually pancreatic sufficient
(PS) at birth, presenting with milder lung disease and greater
life expectancy than patients born with Pl [74,76]. Pl is char-
acterized by fatty infiltration, atrophy, and destruction of both
the ductal and the acinar tissue in the pancreas [77] (Figure 2
(b)). PI symptoms in CF adults are related to poor protein and
fat absorption and include weight loss, steatorrhea, diarrhea,
bloating, abdominal pain, gas, and dyspepsia. Most adults
with CF are diagnosed with Pl during infancy. Patients who
reach adulthood and are still PS should be reevaluated
annually (nutritional assessment) and fecal pancreatic elas-
tase-1 (FE1) should be measured if PI symptoms are present.
FE1 measurements should also be performed in adults who
are newly diagnosed with CF [22,75,78]. Fat-soluble vitamins
(A, D, E, K) should be measured at diagnosis and at least
annually or 3-6 months after a change in vitamin therapy
[78]. Vitamin K levels are usually not measured directly but
estimated using prothrombin time (PT). International recom-
mendations for screening and management of fat-soluble
vitamin deficiency in patients with CF have been pub-
lished [78].

Management of Pl in adults with CF should include educa-
tion (explaining the importance of good nutrition in improv-
ing survival in CF) with the help of a specialized CF dietician,
high calorie and high fat diet, pancreatic enzyme replacement
therapy (PERT), and fat-soluble vitamin supplementation [78].
In the future, CFTR modulation therapy may change the face
of pancreatic exocrine disease. The KIWI study evaluated the
safety and efficacy of ivacaftor (a CFTR potentiator) in children
with CF aged 2-5 and carrying the G551D mutation, 93% of
which were pancreatic insufficient (FE-1 < 50 mg/g). After
24 weeks of ivacaftor, a 99.8 mg/g mean increase in FE-1
was observed, suggesting an improvement of exocrine pan-
creatic function [79]. Another report also suggested a positive
effect of ivacaftor in older patients with CF [80]. More recently,
a phase 3 study evaluating the safety and efficacy of ivacaftor
in patients <2 years of age with a CFTR gating mutation
showed a significant improvement in FE1 in treated patients.
These findings suggest there may be a window of opportunity
in early life for improving pancreatic function [81].

3.2. CF-related diabetes

CFRD is the third most frequent complication in the CF adult
population after respiratory insufficiency and exocrine pan-
creatic disease, with an estimated prevalence of 30-50%
[82,83], and occurs almost only in patients with PI. The patho-
physiology of CFRD is complex and involves (a) decreased
insulin production due to 3 cell dysfunction (CFTR defect)
and/or (3 cell loss; (b) decreased insulin sensitivity (secondary
to corticosteroids, chronic infection, and inflammation); and (c)
increased glucagon secretion [84]. CFRD is different from type
1 and type 2 diabetes and is characterized by a reduced and
delayed insulin response despite normal basal insulin secre-
tion. As a result, at the early stages of the disease, fasting
blood glucose levels often fall within the normal range and
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postprandial glucose levels are high. Mortality rates among CF
patients are higher in those with CFRD than in those without
diabetes [83,85,86] and increase with lower lung function and
more frequent exacerbations [87,88]. Clinical decline (weight
loss, lung function decline, pulmonary exacerbations) in the
years prior to CFRD diagnosis has been reported, as has an
improvement in these clinical markers after insulin therapy
initiation [89-91]. An annual oral glucose tolerance test
(OGTT) when the patient is stable is recommended for all
patients with CF over the age of 10 [22,92]. Because OGTT
may fail to detect some glycemic abnormalities in CF, contin-
uous glucose monitoring has been evaluated in several studies
and was approved by the FDA to help diagnose CFRD in
children and adolescents [93-96]. The value of HbAlc as
a screening tool for the diagnosis of CFRD is controversial
although it is commonly used to monitor glycemic control
[93]. Diabetes screening should be more frequent in patients
receiving corticosteroid treatment and enteral nutrition as well
as during pregnancy [22]. All individuals with CF who meet the
diagnostic criteria for diabetes should be treated [22].
Treatment should also be considered in patients with glucose
level abnormalities associated with clinical deterioration [88].

Treatment of CFRD relies on insulin therapy. Though oral
treatment is not recommended in patients with CFRD [22],
a single study suggested that repaglinide could be effective in
some patients [97]. These results need to be confirmed in long-
term studies and with a larger population sample, however.
High-calorie food intake must be maintained [92] and physical
activity should be promoted. Because their life expectancy is
increasing, adults with CF become more likely to develop com-
plications of CFRD. Microvascular complications comparable to
those seen in patients with type 1 diabetes (neuropathy, retino-
pathy, and nephropathy) have been reported in patients with
CFRD, especially in the context of poor glycemic control [98-
101]. Thus, screening for retinopathy (dilated eye examination),
neuropathy (clinical evaluation), and nephropathy (microalbu-
minuria screening) should be performed at least annually and
foot issues should be closely monitored [22,88]. Macrovascular
complications have so far been rare and only a few cases of
coronary disease have been reported in patients with CFRD
[102,103]. However, it seems likely that these complications
will become more frequent in the future because of long-
standing diabetes in aging CF adults.

The impact of CFTR modulators on CFRD has not been fully
established: ivacaftor may improve insulin response after oral
glucose stimulation [104,105] and could even reverse CFRD in
adult CF patients [106]. However, the impact of lumacaftor/
ivacaftor on glucose tolerance or insulin secretion was not
consistent in a small number of patients with CF [107]. These
results need to be confirmed in larger studies.

3.3. Pancreatic cysts

Pancreatic cystosis is rare in CF adults [108]. Patients are usually
asymptomatic and diagnosis is often made during routine
abdominal imaging. When present, clinical manifestations are
not specific — mainly due to the mass effect - and include
abdominal pain, nausea, and early satiety [109,110]. CT scans
usually show numerous large hypodense lesions (Figure 2(c)),
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Table 3. Suggested screening and management of selected chronic non-pulmonary complications in adults with CF.

Management

Ref.
[174]

guidelines

Suggested intervention

Suggested screening/assessment

Complications

Yes, specific to

Polyp removal

Start screening at age 40 years

Colonoscopy every 5 years

Colorectal cancer

CF

(non-transplanted

patients)
CF-related liver disease Annual screening

Colonoscopy at 3 years if adenomatous polyps found on the latest endoscopic examination

[126]

Yes, specific to

Start ursodeoxycholic acid when CFLD is diagnosed

Start with daily dose of 20 mg/kg

CF

Abdominal examination by a gastroenterologist;

(CFLD)

Biochemical evaluation (AST, ALT, GGT, ALP, Prothrombin time, platelets).
Abdominal ultrasound imaging

Chronic kidney disease Annual screening

None

Diabetes treatment

Reduce exposure to aminoglycosides and other nephrotoxic

Serum creatinine

drugs
Achieve adequate nutritional status (normal body mass index Yes, specific to

Microalbuminuria in patients with CF-related diabetes

[146]

Regular evaluation of bone mineral density by Dual Energy X-ray Absorptiometry (every 1-5 years)

Annual measurement of serum 25-hydroxyvitamin D, serum calcium, serum phosphorus and

Osteopenia/

CF

and lean mass)

osteoporosis

Promote physical activity

parathyroid hormone concentrations

Calcium and vitamin D supplementation

Consider bisphosphonates
Referral for evidence-based psychological interventions +

[189]

Yes, specific to

Annual screening with questionnaires

Anxiety/depression

CF

treatment

Patient Health Questionnaire 9 (PHQ-9) for depression

Generalised Anxiety Disorder 7-item (GAD-7) for anxiety

[[23-

Yes, specific to

Insulin therapy

Annual screening in pancreatic insufficient patients

Oral glucose tolerance test (OGTT)

CF-related diabetes

97]]

CF

Regular follow-up by a diabetologist

Possibly continuous glucose monitoring (CGM)

None

Reduce exposure to aminoglycosides

Annual audiometric assessment for patients with repeated IV aminoglycoside courses

Ototoxicity

although MRI is the most accurate method for cyst evaluation
and follow-up [111]. Infectious or hemorrhagic complications are
rare with only one reported case of intracystic bleeding [108]. To
our knowledge, no malignancy has been reported. Surgery or
endoscopic cyst gastrostomy are to be discussed on a case-by-
base basis if the patient has chronic pain or complications [112].

3.4. CF-related liver disease

CFLD is the third most frequent cause of mortality in the CF
population after lung disease and transplantation complica-
tions, accounting for 2.5-5% of the overall mortality
[3,82,113,114]. CFLD is considered to be the consequence of
CFTR dysfunction in the biliary epithelium leading to abnor-
mally viscous biliary secretion, ductal obstruction, inflamma-
tion, and subsequent hepatic cirrhosis [115]. In an autopsy
study, up to 70% of patients with CF presented with focal
biliary cirrhosis [116], and 5-8% had multilobular biliary cir-
rhosis [117,118], though the progression to multilobular cir-
rhosis occurs only in 5-10% of patients [119]. CFLD usually
appears during the first decade of life [120] though a recent
study suggested a possible case of adult-onset CFLD [118].
Patients are frequently asymptomatic and the spectrum of
CFLD manifestations is wide and heterogeneous, leading to
challenges in diagnosis and management [114]. CFLD mani-
festations range from a simple asymptomatic elevation in
aminotransferases to end-stage cirrhosis and portal hyperten-
sion. There is no consensus for the definition of CFLD, which
makes its prevalence difficult to estimate. European guidelines
recommend considering CFLD diagnosis if at least two of the
following variables are present: (a) hepatomegaly on physical
examination; (b) elevated liver enzymes in at least 3 consecu-
tive measurements over 12 months and after ruling out other
causes of liver disease; (c) ultrasonographic evidence of liver
disease, portal hypertension, or biliary abnormalities [121]
(Figure 2(e)). Contrary to European guidelines, North
American guidelines define CFLD as the presence of both
liver cirrhosis and portal hypertension, and liver involvement
as persisting or intermittent liver enzyme elevation, steatosis,
fibrosis, cholangiopathy, and/or ultrasound abnormalities [24].
Steatosis can be detected through imaging or biopsy and is
the most frequent hepatic manifestation in patients with CF,
with a prevalence of 20-60% [122] (Figure 2(d)). This manifes-
tation appears to be distinct from CFLD and patients present-
ing with hepatic steatosis tend to have a higher body mass
index (BMI) and better lung function than patients with no
steatosis [122].

Current guidelines recommend annual screening for CFLD
(Table 3) [121]. Although an abdominal ultrasound is recom-
mended, the positive predictive value of a normal ultrasound
has been shown to be only 33%, with a sensitivity of 57%.
Moreover, a normal ultrasound does not preclude significant
liver fibrosis. Therefore, diagnosis of early liver disease cannot
reliably be made on the basis of ultrasound findings alone. If
a diagnosis is hard to reach, elastography can be used to
assess liver function in patients with CF and a liver biopsy
can be considered if noninvasive tests are inconclusive [121].
Risk factors associated with CFLD include male gender, meco-
nium ileus, environmental factors, and the Z allele of Serpina1l



[120,123]. Treatment options are limited: UDCA has been
recommended [121], but its role in improving the progression
of established CFLD remains unproven [124]. Screening for
esophageal varices by gastrointestinal endoscopy should be
performed in patients with cirrhosis or hypersplenism and
should be treated endoscopically if necessary. PT and coagula-
tion factors should be measured at least once a year to detect
early signs of liver failure. In patients presenting with cirrhosis,
an annual liver ultrasound and blood alpha-fetoprotein mon-
itoring are indicated in order to screen for hepatocellular
carcinoma [121]. Liver transplantation must be considered if
patients develop progressive hepatic dysfunction, ascites and
jaundice, variceal bleeding that is not controlled by conven-
tional management, hepatopulmonary and portopulmonary
syndromes, severe malnutrition, or deteriorating pulmonary
function [121]. A case report suggested a possible beneficial
effect of CFTR modulation on CFLD, with a reversal of hepatic
steatosis on abdominal CT imaging in a 17-year-old female
after treatment with ivacaftor [125].

3.5. Other chronic gastrointestinal complications

Gastroesophageal reflux disease (GERD) is frequent among
adults with CF and 24-39% report heartburn, acid reflux, or
dysphagia [126]. GERD diagnosis is symptoms based and
should be confirmed with impedance or pH monitoring.
Endoscopy is used to assess inflammation (i.e. erosive esopha-
gitis) and to identify an additional etiology of epigastric pain
(ulcer) [127]. GERD management includes diet-related mea-
sures (limiting acidic and spicy food, caffeine, and chocolate)
[128] and treatment with acid blockers (pump proton inhibi-
tors) and pro-kinetic agents if symptoms persist. Surgical fun-
doplicature may be considered in symptomatic GERD that is
not controlled with medical treatment.

Constipation is also a frequent symptom among adults
with CF. In 2010, diagnostic criteria for constipation were
defined to differentiate it from DIOS and included abdominal
pain/distension, or reduced frequency/hard stools in the last
weeks/months, that are relieved with laxative use [28].
Management of constipation includes adequate hydration,
increased salt and fiber intake, physical activity, adequate
PERT, and laxatives.

3.6. Infertility

Congenital bilateral absence of the vas deferens (CBAVD)
affects up to 99% of male patients with CF and is responsible
for male infertility [129]. In women with CF, fertility is less
compromised although up to 50% will have difficulty conceiv-
ing because of poor general health/nutritional status, thick-
ened cervical mucus, or diabetes [130]. Recently, two cases of
improved fertility were reported in female patients treated
with ivacaftor, which could have led to an improvement in
general health, nutritional status, or cervical mucus consis-
tency secondary [129]. All patients with CF should receive
counseling regarding conception options including assisted
reproductive technology [22,131].
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3.7. Sinonasal manifestations

Nearly all CF patients will present with sinonasal abnormalities
on clinical and/or radiographic examination [132]. The sinuses
serve as a reservoir for pathogens that may contribute to
lower airway colonization and to lower airway disease pro-
gression. In CF patients, nasal polyposis prevalence is esti-
mated at 32-44% [133] and chronic rhinosinusitis (CRS)
prevalence at 30-65% [134]. CRS diagnosis is based on
a combination of clinical symptoms (nasal obstruction or con-
gestion, mucopurulent discharge), endoscopic evidence (nasal
polyps), and/or CT findings (sinus opacification, osseous thick-
ening) [135] (Figure 2(g)). Management guidelines for CRS are
not specific to the CF population [135] and should be con-
servative. First-line management includes saline irrigation and/
or topical corticosteroids. Some studies suggest that topical
antibiotics could improve CF-related CRS symptoms and/or
complications [132,136]. Dornase alfa, a mucolytic agent has
also been shown to improve CRS, but its availability is cur-
rently limited by cost [137]. Surgical treatment should be
offered when medical management has failed and patients
should be referred to surgeons that are familiar with CF-
related sinus disease. CFTR modulators may be benéeficial
[138] but further research is necessary.

3.8. CF-related bone and joint diseases

Low bone mineral density (BMD) and increased fracture risk
have been reported in adults with CF, with a prevalence of
38% for osteopenia and 23% for osteoporosis [139].
Contributing factors include PI, pulmonary infections, poor nutri-
tional status, delayed puberty, corticosteroids, hypogonadism,
and vitamin D, calcium and vitamin K deficiencies [140]. Regular
screening for reduced BMD using dual energy X-ray absorptio-
metry is recommended in patients > 8-10 years old (Table 3)
[141]. Management of low BMD includes adequate nutrition,
vitamin D and calcium supplementation, and weight bearing
physical exercise [141]. When corticosteroids are necessary (e.g.
for the treatment of allergic bronchopulmonary aspergillosis),
the dose and duration prescribed should be minimized [141].
The use of bisphosphonates is not universally agreed upon and
should be considered on an individual basis with the help of an
endocrinologist [22]. CFTR modulators may improve BMD:
a recent study reported an improvement in the Z-score of
seven patients treated with ivacaftor [142].

Hypertrophic pulmonary osteoarthropathy is a rare complica-
tion of CF and is usually seen in adults with severe lung disease.
Symptoms include clubbing and pain at the distal end of long
bones [64]. Treatment is symptomatic and should include NSAIDs
and management of pulmonary exacerbations. Bisphosphonates
may be considered if initial management fails [143].

CF-related arthropathy usually occurs in 2-8.5% of adults
with CF and consists of recurrent acute episodes of mono- or
poly-arthritis (joint swelling, pain, stiffness) [143]. Symptoms
usually resolve spontaneously in 1-5 days. Treatment is essen-
tially symptomatic and consists of NSAIDs or corticosteroids
[64]. Refractory cases should be referred to a rheumatologist
to rule out or treat other rheumatologic diseases [22].
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3.9. Aquagenic palmoplantar keratoderma

Aquagenic palmoplantar keratoderma (APK) is a dermatosis
characterized by edema, translucent or whitish papules, and
excessive wrinkling of the palms after exposure to water
(Figure 2(h)) [144]. This condition is known to be associated
with CF with a prevalence ranging from 35% to 78%, suggest-
ing CFTR involvement. A correlation between APK and palmo-
plantar hyperhidrosis has been noted [144]. One case of APK
improvement with ivacaftor has been reported in the litera-
ture [145].

3.10. Drug-induced chronic complications

3.10.1. Secondary adrenal insufficiency

Secondary adrenal insufficiency (Al) may occur in patients with
CF treated with long-term systemic glucocorticoids or with
inhaled glucocorticoids (ICS) and might lead to adrenal crisis
in some patients. Prevalence of Al in the CF population has
never been assessed. However, several studies reported adre-
nal suppression in patients treated with ICS and azole anti-
fungal treatment (i.e. itraconazole, voriconazole, and
posaconazole) [146]. The interaction between azoles and glu-
cocorticoids, inhaled or systemic, can lead to increased serum
concentrations of both methylprednisolone or dexametha-
sone and budesonide or fluticasone [146]. A study reported
abnormal ACTH blood levels in 100% (12/12) of patients with
CF receiving itraconazole and inhaled fluticasone [147]. Other
reports also suggested similar interactions with voriconazole
or posaconazole [148,149]. A recent Canadian single center
retrospective study estimated the prevalence of Al at 8-9%,
although these results are probably an underestimate since
ACTH testing was not systematic. In this study, the authors
reported that patients with Al had a higher frequency of
Aspergillus colonization and were more likely to be treated
with ICS or systemic corticosteroids [150]. Patients at risk of
Al, especially those treated with azoles and ICS, should be
tested for adrenal suppression and supplemented as needed.

3.10.2. Ototoxicity

Frequent use of aminoglycosides can lead to ototoxicity,
including vestibular dysfunction and hearing loss. Hearing
loss is well documented and its prevalence ranges from 17%
to 23% [151,152]. It should be screened for annually in
patients who receive frequent IV or inhaled aminoglycoside
courses. Screening consists of clinical audiometry and/or otoa-
coustic emission testing [153]. Vestibular dysfunction second-
ary to aminoglycoside exposure is less well characterized:
symptoms include dizziness, motion sickness, unsteadiness
when standing/walking and disturbed vision with head
motion. A recent study reported a prevalence of 79% of
vestibular system dysfunction in a cohort of 71 patients with
CF receiving aminoglycosides [151,152]. This high prevalence
needs to be confirmed by larger studies. Routine screening for
vestibular dysfunction is not recommended at this time,
although the European CF society recommends that CF cen-
ters have access to a clinician experienced in vestibular assess-
ment [22].

4. Emerging chronic non-pulmonary complications
in adult patients with CF

This section describes important chronic non-pulmonary com-
plications that have emerged in recent years due to the aging
of the CF adult population.

4.1. Malignancies

Numerous case reports of cancer in CF patients can be found
in the literature [154-157]. Between 1993 and 2013, several
studies demonstrated an increased risk of neoplasms of the
gastrointestinal tract (Gl tract) [158-161] but the pathophysio-
logical mechanism behind this increased risk remains unclear.
Chronic inflammation and chronic infection are common fea-
tures of CF and are known to contribute to cancer [162,163].
Gut dysbiosis (i.e. any change to the composition of an indi-
vidual’'s gut microbiota) is now a well-established conse-
quence of the CFTR defect [164] and has been shown to be
associated with an increased risk of Gl tract cancer, especially
colorectal cancer [165]. The existence of CFTR-dependent can-
cer formation mechanisms is another possible hypothesis
since CFTR has recently been identified as an emerging reg-
ulator of cancer [166].

The largest registry study to evaluate the risk of cancer in
CF patients was published in 2013 [167]. In the non-
transplanted patient group, data from 344,114 patients-years
of follow-up showed that the global risk of cancer in CF was
no different from that of the general population (standardized
incidence ratio [SIR]: 1.1, 95% confidence interval [CI] = 1.0 to
1.3). However, the authors reported an increased risk of Gl
tract cancer (SIR 3.5, 95% Cl = 2.6 to 4.7) with the highest risk
in the small intestine (SIR 11.5, 95% Cl = 4.2 to 25.4), biliary
tract (SIR 11.4, 95% Cl = 3.6 to 27.4), and colon (SIR 6.2, 95%
Cl = 42 to 9.0). Non-transplanted CF patients were also at
higher risk for testicular cancer and lymphoid leukemia (SIR
1.7, 95% Cl = 1.02 to 2.7, and SIR 2.0, 95% Cl = 1.2 to 3.1,
respectively). Bowel cancer risk was notably elevated in men,
patients with severe CFTR mutations and those with a history
of DIOS. In the transplanted group, overall cancer risk was
higher than expected (SIR 2.7, 95% Cl = 1.8 to 3.9) with
a particularly high Gl tract cancer risk (SIR 17.3. 95%
Cl =10.7 to 26.5).

Subsequent studies have evaluated the benefit of screen-
ing CF patients for colorectal cancer and suggest that it may
be beneficial and cost-effective [168,169]. Consensus recom-
mendations for colorectal cancer screening in non-
transplanted CF patients were recently published (Table 3)
[170]. Recent findings suggest an increased relative risk of Gl
tract cancer in non-transplanted CF patients, although the
absolute risk remains low. One can expect the number of
cancer cases to rise in the coming years as the number of
patients over 40 years continues to increase.

4.2. Chronic kidney disease

Chronic kidney disease (CKD) has recently emerged as a new
comorbidity in adults with CFRD and/or repeated and pro-
longed exposure to aminoglycosides. The prevalence of CKD



in patients with CF has not been reliably estimated but
a recent Danish study, showed that the prevalence of moder-
ate CKD (GFR < 60 ml/min/1.73 m?) was higher in adults with
CF (2.7%) than in the general population [171] and a larger
American study found a prevalence of 2.3% (GFR < 60 ml/min/
1.73 m?) [172]. The pathophysiology of CKD is not well under-
stood. CFTR is expressed in several segments of the nephron
and its function is known to be impaired in CF animal models
and in CF patients, although no clear renal phenotype is
known to be associated with its mutation [173]. The role of
aminoglycosides in CKD development is debated: CKD might
arise from repeated episodes of AKI during IV antibiotic
courses in addition to cumulative antibiotic treatment
[172,174]. The prevalence of CKD associated with CFRD has
not been estimated, although one can expect an increase in
CFRD-associated CKD since patients are living longer with
CFRD. Microalbuminuria is frequent and affects up to 50% of
patients [174] and proteinuria was recently found in 11% of
patients in a single center cohort [175]. Yahiaoui et al. exam-
ined the renal biopsies of 13 CF patients and reported a wide
spectrum of renal diseases with the 2 most frequent being
amyloidosis and diabetic glomerulopathy [173]. Chronic infec-
tion and inflammation could promote AA amyloidosis or IgA
nephropathy in this population, both of which are associated
with poor prognosis in patients with CF [176,177].

4.3. Metabolic syndrome and cardiovascular diseases

With the improvement of nutritional management and pro-
longed life expectancy, patients with CF are at risk of excessive
weight gain and obesity. Recent studies show that 6-18% of
CF patients are overweight and 1-8% obese [178,179].
Although overweight and obese patients with CF are often
considered to have better lung function, a recent study found
no evidence of an association [179]. A recent study also sug-
gested that excessive adiposity could be inversely associated
with lung function in CF [180]. Overweight and obese patients
have higher rates of hypercholesterolemia and lower levels of
25 OH vitamin D. Weight gain might become an issue for
patients with CF since it could accelerate the onset of CFRD
and the consequent macrovascular complications. Overweight
and obese patients should receive dietary counseling to
improve their nutritional status and avoid complications,
such as dyslipidemia and diabetes. Treatment with CFTR mod-
ulators can induce weight gain, which suggests that the high
fat/high calorie intake that is usually recommended in CF may
need to be changed when CFTR function is improved.

4.4. Anxiety and depression

Studies evaluating psychological complications in adults with
CF have found a high prevalence of depression and anxiety
(13-33%) [181], the symptoms of which can have a negative
impact on the course of CF, with worse lung function, lower
BMI and treatment compliance, worse quality of life, more
frequent hospitalizations, and increased healthcare costs
[182]. International guidelines recommend screening for
depression and anxiety in patients with CF that are over
12 years old (Table 3) [182]. Prevention is recommended and
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consists of stress management and coping skills training.
Management should include evidence-based interventions,
cognitive behavioral therapy (for severe anxiety), and selective
serotonin reuptake inhibitors (citalopram, paroxetine) as first-
line agents in patients over 12 years old [182].

4.5. Urinary incontinence

In women with CF, the prevalence of urinary incontinence
seems to be higher than in the general population (30-76%)
[183] and increases with declining FEV1 and age [64]. In the CF
population, urinary stress incontinence (i.e. involuntary urina-
tion when sneezing, coughing and physical strain) is most
common [64]. Physicians should be aware of this frequent
yet unreported complication since coughing and physiother-
apy might worsen urinary incontinence and lead to the avoid-
ance of chest physiotherapy [183]. Management includes
patient education, pelvic floor muscle exercises, optimizing
airway clearance techniques, treatment of constipation if pre-
sent, and referral as needed. Urinary incontinence in men with
CF has not been well documented although a recent study
reported a prevalence up to 15% and an association between
incontinence and increased rates of anxiety and depres-
sion [184].

5. Conclusion

The life expectancy of the CF adult population is expected to
further increase in future years thanks to improvements in
multidisciplinary care and with the development of effective
CFTR modulators [5,185]. As a result, the spectrum of CF-
related complications is likely to evolve. Regular monitoring
for chronic non-pulmonary complications in adults with CF is
paramount and should aim for early management and pre-
vention. Suggested screening and management strategies for
selected chronic non-pulmonary complications in adults with
CF are provided in Table 3. These suggestions will no doubt
evolve in future years as our understanding of CF complica-
tions improves and as the phenotype of CF patients changes
with novel treatment options such as effective CFTR
modulators.

6. Expert commentary

Non-pulmonary complications are highly prevalent in adults
with CF and are sometimes responsible for acute episodes that
pose specific challenges to the adults with CF and their care-
givers. The spectrum of classical chronic complications (e.g.
diabetes, liver disease, osteoporosis) is evolving, and novel
complications (e.g. digestive cancers, CKD, metabolic syn-
drome) are emerging. Because non-pulmonary complications
represent a significant burden in adults with CF, effective
strategies for screening and/or preventing these comorbidities
should be developed. Unfortunately, current screening strate-
gies are often not evidence-based and sometimes are not fully
acceptable for CF adults, leading to ineffective screening.
Thus, there is a major interest in developing tools for effective
screening of non-pulmonary complications/comorbidities
without increasing the burden of care in adults with CF.
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Two significant changes impact the prevalence and severity
of non-pulmonary complications in adults with CF. First, the CF
adult population is aging; thus, problems that did not exist
before (e.g. digestive cancer, long-term microangiopathic and
macroangiopathic complications of CFRD) are becoming more
prevalent. Second, although there is hope that recently-released
CFTR modulators will have significant beneficial effects on non-
pulmonary complications (e.g. by reducing malnutrition and
improving pancreatic function), there is also a possibility that
they may lead to excessive weight gain/obesity and metabolic
syndrome in adults with CF that are used to a high fat/high
calorie diet. Furthermore, the possible roles of CFTR modulators
in preventing other complications (e.g. osteoporosis, digestive
cancer) will have to be carefully monitored. CFTR modulators
may have indirect beneficial effects on non-pulmonary compli-
cation by reducing drug-induced complications (e.g. by reducing
exposure to aminoglycosides in relation with the reduction of
pulmonary exacerbation rates), although their long-term safety
profile is not well established.

As the prognosis of CF keeps improving, the number of
adults is increasing, and the CF adult population will continue
to grow in number and age in the next 5 years. Current
evidence also suggests that most CF patients will be treated
with combinations of CFTR modulators, which will have ben-
eficial effects on the pulmonary and (at least some) non-
pulmonary complications. The spectrum of non-pulmonary
complications will likely evolve with the decrease in some
complications due to better prevention and treatment but
there are also concerns that emerging complications (e.g.
cancer, metabolic syndrome) will constitute significant threats
for the adults with CF. Thus, adult CF centers will likely face
large cohorts of adults with CF with a high burden of non-
pulmonary complications that will be important to address.
This will require not only developing screening/caring strate-
gies but also ensuring that adequate knowledge exists in CF
centers on the care of specific comorbidities by attracting
novel specialists (e.g. oncologists) and by providing appropri-
ate training to physicians and allied professionals working in
CF centers.

7. Five-year view

As the CF population ages, rates of long-term extrapulmonary
complications are expected to increase. Concerns exist on long-
term complications of diabetes and emergence of digestive can-
cers. Roles of CFTR modulators on reducing long-term extrapul-
monary complications in CF patients remain to be establish. These
drugs may result in direct effects on complications directly related
to defective ion transport or have beneficial effects related to
reduction in the use of drugs (e.g. aminoglycosides) that induce
significant adverse effects in CF patients. Establishing guidelines
for prevention, diagnosis, and treatment of extrapulmonary com-
plications will contribute to decrease disease burden in CF adults.

Key issues

® |ife expectancy has markedly increased over the past
20 years and forecasts suggest that the adult CF population
will keep expanding and aging in the next decade.

® CF adults are at risk of acute non-respiratory complications
(e.g. digestive complications, nephrolithiasis, and drug-
induced complications).

® (Classical chronic non-pulmonary complications (e.g. dia-
betes, osteoporosis, liver disease) are highly prevalent and
constitute a considerable burden to the patients.

® Emerging complications (e.g. colorectal cancer, CKD, meta-
bolic syndrome) are now recognized and their burden is
likely to increase in future years.

® Recently commercialized CFTR modulators may reduce
some non-pulmonary complications but their long-term
effects on other complications (e.g. digestive cancer)
remains to be established.

® A challenge for CF caregivers will be to develop effective
strategies for screening and treating major non-pulmonary
complications without increasing the burden of care in CF
adults.
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