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With every meal and snack,
help your patients take control.
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PANCREAZE...

THE SYMPTOMS OF EPI"

Choose PANCREAZE as your first-line

enzyme replacement therapy.

A trusted enzyme replacement therapy for more than 15 years

® C(linically proven to relieve EPl symptoms such as abdominal pain, bloating and diarrhea.’?

® Shown to significantly improve fat and protein absorption.'?

® Available in 6 strengths, including a 37,000 lipase-unit dose — minimizing the number

of capsules patients need to take daily.

® Alldoses use a phthalate-free formulation — limiting patient exposure to endocrine

disruptive chemicals.?

Tolean more, visit: HCP.PANCREAZE.COM

Indication

PANCREAZE is indicated for the treatment of exocrine pancreatic insufficiency
in adult and pediatric patients.

Important Safety Information

Fibrosing Colonopathy: Associated with high doses, usually over prolonged
use and in pediatric patients with cystic fibrosis. Colonic stricture reported in
pediatric patients less than 12 years of age with dosages exceeding 6,000
lipase units/kg/meal. Monitor during treatment for progression of preexisting
disease. Do not exceed the recommended dosage, unless clinically indicated.
Hyperuricemia has been reported with high dosages; consider monitoring

blood uric acid levels in patients with gout, renal impairment, or hyperuricemia.

Irritation of the oral mucosa may occur due to loss of protective enteric coating
on the capsule contents.

The presence of porcine viruses that might infect humans cannot be definitely
excluded.
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Monitor patients with known reactions to proteins of porcine origin. If
symptoms occur, initiate appropriate medical management; consider the

risks and benefits of continued treatment.

Please see accompanying Summary of Information about PANCREAZE

on the following page.

References: 1. PANCREAZE Full Prescribing Information. Campbell, CA:
VIVUS LLC; 2024. 2. Trapnell BC, et al. Efficacy and safety of PANCREAZE®
for treatment of exocrine pancreatic insufficiency due to cystic fibrosis. | Cyst
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human health: Focus on erythrocytes and the reproductive system. Comp
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Summary of Information about PANCREAZE®
{pancrelipase) delayed-release capsules

Initial U.S. Approval: 2010

These highlights do not include all the information needed to
use PANCREAZE safely and effectively. See Full Prescribing
Information for PANCREAZE at PANCREAZE.com.

INDICATIONS AND USAGE

PANCREAZE is indicated for the treatment of exocrine
pancreatic insufficiency in adult and pediatric patients.

DOSAGE AND ADMINISTRATION

PANCREAZE is a mixture of enzymes including lipases,
prateases, and amylases. PANCREAZE dosing is based on
lipase units.

Use either an actual body weight ar fat ingestion-based
dosing scheme.

Start at the lowest recommended dosage and individualize the
dosage based on clinical symptoms, the degree of steatorrhea
present, and the fat content of the diet. Changes in dosage
may require an adjustment period of several days.

Do not exceed 2,500 lipase units/kg/meal, 10,000 lipase units/
kg/day, or 4,000 lipase units/g fat ingested/day in adult and
pediatric patients greater than 12 manths of age withaut
further investigation.

The total daily dosage in adult and pediatric patients greater
than 12 months of age should reflect appraximately three
meals plus two or three snacks per day. With each snack,
administer approximately half the prescrihed PANCREAZE
dose for a meal.

Do not substitute other pancreatic enzyme products for
PANCREAZE. When switching from another pancreatic enzyme
praduct to PANCREAZE, monitor patients for clinical
symptoms of exocrine pancreatic insufficiency and titrate the
dosage as needed.

Recommended Dosage
Adult and Pediatric Patients Greater than 12 Months of Age
The recommended oral initial starting dosage is:

500 lipase units/kg/meal for adult and pediatric patients 4
years of age and older.

1,000 lipase units/kg/meal for pediatric patients greater than
12 manths to less than 4 years of age.

If signs and symptoms of malabsarption persist, increase the
dosage. Titrate to either 2,600 lipase units/kg/meal, 10,000
lipase units/kg/day, or less than 4,000 lipase units/grams of
fat ingested/day.

Higher dosages may be administered if they are dacumented
to he effective by fecal fat measures or an improvement in
signs and symptoms of malabsorption including measures of
nutritional status.

Pediatric Patients Birth to 12 Months of Age

The recommended oral dosage is 2,600 lipase units per 120 mL
of formula or per breast-feeding.

Preparation and Administration Instructions

Instruct adult and pediatric patients greater than 12 months of
age, or their caregivers, of the following:

Take PANCREAZE with meals or snacks. If a dose is missed,
take the next dose with the next meal or snack.

Swallow capsules whole.

Far patients who are unable to swallow intact capsules,

carefully open the capsules and sprinkle the entire cantents
on a small amount of acidic soft food with a pH of 4.5 or less
{e.q., applesauce). Consume the entire mixture immediately.

Do not crush or chew PANCREAZE capsules ar capsule
cantents.

Consume sufficient liquids (water or juice) to ensure camplete
swallowing of PANCREAZE capsules.

Instruct caregivers of pediatric patients birth to 12 manths of
age of the following:

Immediately prior to each breast-feeding sessian or each
administration of 120 mL of formula, carefully open ane
PANCREAZE capsule {containing 2,600 USP units of lipase) and
administer the entire contents using ane of the following two
methods:

« Sprinkle on a small amount of acidic soft foad with a pH
of 4.5 or less {e.q., applesauce) being careful nat to crush
the capsule contents. The entire mixture shauld be given to
the infant immediately.

« Sprinkle the capsule contents directly into the infant's
mouth.

Immediately administer additional breast milk or formula after
PANCREAZE to ensure complete swallowing of the capsule
cantents.

Do not mix PANCREAZE capsule contents directly into a
bottle of breast milk or formula.

Do not crush PANCREAZE capsule contents, and visually
inspect the infant's mouth to ensure that no drug is retained
in the mouth.

If a dose is missed, administer the next dose with the next
feeding.

WARNINGS AND PRECAUTIONS
Fibrosing Colonopathy

Fibrasing colonopathy has been reported following treatment
with pancreatic enzyme products. Fibrosing colonopathy is a
rare, serious adverse reaction initially described in
association with use of high-dose pancreatic enzyme
praducts, usually over a prolonged period of time and most
cammonly reported in pediatric patients with cystic fibrosis.
Pancreatic enzyme products exceeding 6,000 lipase units/
kg/meal have been associated with colonic strictures, a
camplication of fibrosing colonopathy, in pediatric patients
less than 12 years of age. The underlying mechanism of
fibrosing colonopathy remains unknown.

If there is a history of fibrasing colonopathy, monitor
patients during treatment with PANCREAZE because some
patients may be at risk of progressing to colonic stricture
formatian. It is uncertain whether regression of fibrosing
calonopathy occurs. Do not exceed the recommended dosage
of either 2,500 lipase units/kg/meal, 10,000 lipase units/kg/
day, or 4,000 lipase units/qg fat ingested/day in adult and
pediatric patients greater than 12 maonths of age without
further investigation. Higher dosages may be administered if
they are documented to be effective by fecal fat measures or
an improvement in signs and symptoms of malabsorption
including measures of nutritional status. Patients receiving
dosages higher than 6,000 lipase units/kg/meal should be
frequently monitored for symptoms of fibrosing colonopathy
and the dosage decreased or titrated downward to a lower
range if clinically appropriate.

Irritation of the Oral Mucosa

Crushing ar chewing PANCREAZE capsules or mixing the
capsule contents in foods having a pH greater than 4.5 can
disrupt the protective enteric coating on the capsule
caontents and result in early release of enzymes, irritation of
the oral mucosa, and/or loss of enzyme activity.

Instruct the patient or caregiver of the following:

Swallow capsules whole. For patients who cannot swallow
the capsules whole, the capsules can be opened, and the
cantents sprinkled on a small amount of acidic soft food with
apH of 4.5 or less (e.q., applesauce).

Do not crush or chew PANCREAZE capsules or capsule
cantents.

Consume sufficient liquids (juice, water, breast milk, or
formula) immediately following administration of PANCREAZE
to ensure complete swallowing.

Visually inspect the mouth of pediatric patients less than 12
months of age and of patients who are unable to swallow
intact capsules to ensure that no drug is retained in the
mouth and irritation of the oral mucosa has not occurred.

Hyperuricemia

Pancreatic enzyme products contain purines that may
increase blood uric acid levels. High dosages have been
associated with hyperuricosuria and hyperuricemia. Consider
monitoring blood uric acid levels in patients with gout, renal
impairment, or hyperuricemia during treatment with
PANCREAZE.

Risk of Viral Transmission

PANCREAZE is sourced from pancreatic tissue from swine
used for food consumption. Although the risk that
PANCREAZE will transmit an infectious agent to humans has
been reduced by testing for certain viruses during
manufacturing and by inactivating certain viruses during
manufacturing, there is a theoretical risk for transmission of
viral disease, including diseases caused by novel or
unidentified viruses. Thus, the presence of porcine viruses
that might infect humans cannot be definitely excluded.
Hawever, no cases of transmission of an infectious iliness
associated with the use of porcine pancreatic extracts have
been reported.

Hypersensitivity Reactions

Serious hypersensitivity reactions including anaphylaxis,
asthma, hives, and pruritus have been reported with
pancreatic enzyme products. If symptoms occur, initiate
appropriate medical management.

Monitor patients with a known hypersensitivity reaction to
prateins of porcine origin for hypersensitivity reactions
during treatment with PANCREAZE. The risks and benefits of
cantinued PANCREAZE treatment in patients with serious
hypersensitivity reactions should he taken into consideration
with the overall clinical needs of the patient.

A\72
pancreaze’

(pancrelipase) sz

ADVERSE REACTIONS

The data described below reflect exposure to PANCREAZE in
57 adult and pediatric patients with exocrine pancreatic
insufficiency due to cystic fibrosis in two clinical trials. The
most common adverse reactions were gastrointestinal,
including diarrhea and vomiting.

The following adverse reactions have been identified during
post-approval use of PANCREAZE or ather pancreatic enzyme
products. Because these reactions are reported voluntarily
from a population of uncertain size, it is not always possible to
reliably estimate their frequency or establish a causal
relationship to drug exposure.

Eye Disorders: blurred vision Gastrointestinal Disorders:
fibrosing colonopathy, distal intestinal abstruction syndrome,
abdominal pain, flatulence, constipation, and nausea Immune
System Disorders: anaphylaxis, asthma, hives, and pruritus
Investigations: asymptomatic elevations of liver enzymes
Musculoskeletal System: myalgia, muscle spasm Skin and
Subcutaneous Tissue Disorders: urticaria and rash.

USE IN SPECIFIC POPULATIONS

Pregnancy

Published data from case reports with pancrelipase use in
pregnant women have not identified a drug-associated risk of
major birth defects, miscarriage ar other adverse maternal or
fetal outcomes. Pancrelipase is minimally absorbed
systematically; therefore, maternal use is not expected to
result in fetal exposure to the drug. Animal reproduction
studies have not been conducted with pancrelipase.

The background risk of major birth defects and miscarriage for
the indicated population is unknown. All pregnancies have a
background risk of birth defect, loss, or ather adverse
outcomes. In the U.S. general population, the estimated
background risk of major birth defects and miscarriage in
clinically recognized pregnancies is 2 to 4% and 15 to 20%,
respectively.

Lactation

There are no data on the presence of pancrelipase in either
human or animal milk, the effects on the breastfed infant or
the effects on milk production. Pancrelipase is minimally
absorbed systemically following oral administration, therefore
maternal use is not expected to result in clinically relevant
exposure of breastfed infants to the drug. The develapmental
and health benefits of breastfeeding should be considered
along with the mother’s clinical need for PANCREAZE and any
potential adverse effects on the breastfed infant from
PANCREAZE or from the underlying maternal conditian.

Pediatric Use

The safety and effectiveness of PANCREAZE for the treatment
of exocrine pancreatic insufficiency have been established in
pediatric patients.

Geriatric Use

Clinical studies of PANCREAZE did not include sufficient
numbers of patients aged 65 years and over to determine
whether they respond differently from younger patients.

OVERDOSAGE

In Study 1, a 10 year-old patient was administered a
PANCREAZE dose of 12,399 lipase units/kg/day for the duration
of the open-label and randomized withdrawal periods (21 days).

The patient experienced mild abdominal pain throughout both
study periods. Abnormal chemistry data at the end of the study
included mild elevations of aspartate aminotransferase {(AST),
alanine aminotransferase {ALT), and serum phosphate.
Abnormal hematology data at the end of the study included
mild elevations of hematocrit. No abnormalities from analyses
of urinalysis or uric acid were noted.

Chronic high dosages of pancreatic enzyme products have
been associated with fibrosing colonopathy and colonic
strictures. High dosages of pancreatic enzyme products have
been associated with hyperuricosuria and hyperuricemia.
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Cystic Fibrosis-Related Diabetes: A Practical Guide for Endocrinologists
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Abstract: Cystic fibrosis-related diabetes (CFRD) is an increasingly prevalent complication of cystic fibrosis (CF), as
people with CF live longer, particularly in the era of cystic fibrosis transmembrane conductance regulator
(CFTR) modulator therapies. Though our understanding of the underlying pathophysiology of CFRD contin-
ues to evolve, the primary defect is relative insulin deficiency resulting from reduced pancreatic beta-cell
mass and impaired beta-cell function, and insulin therapy is the standard of care. Management includes indi-
vidualized insulin regimens and use of diabetes technology (e.g. insulin pumps and continuous glucose mon-
itoring). Increasingly, dietary management, and, in select cases, non-insulin therapies can be beneficial, alt-
hough long-term studies of non-insulin therapies in CFRD are few and monitoring for side effects are needed.
Individuals with CFRD should be monitored for traditional microvascular and macrovascular complications
of diabetes mellitus and a multidisciplinary team approach is essential. Additional long-term studies are
needed to understand how CFTR modulator therapies may influence the natural history of CFRD.

Key words: Cystic Fibrosis, Cystic Fibrosis-related diabetes, diabetes mellitus, atypical diabetes.

Outline:

Introduction

Pathophysiology of CFRD
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Treatment of CFRD
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Conclusion

1. Introduction

Cystic fibrosis (CF) is a multisystem disease caused by
recessive mutations in the gene encoding the cystic fibrosis
transmembrane conductance regulator (CFTR) protein.
Functional loss of CFTR results in dysregulation of chloride,
bicarbonate, and water transport across epithelial mem-
branes. This increases fluid viscosity, and in the exocrine
pancreas, leads to ductal plugging and acinar loss. In the
endocrine pancreas, CF leads to islet aggregation and re-
modeling, fibrofatty infiltration, inflammation, and result-
ant decreases in islet mass and beta cell function.() The

Future Directions in CFRD and Precision Medicine

risk of cystic fibrosis-related diabetes (CFRD) increases
with age.(?) Additional risk factors include pancreatic exo-
crine insufficiency, severe CFTR mutations, reduced pul-
monary function, CF liver disease, use of enteral feeds, and
corticosteroids. CFRD prevalence is as high as 40% to 50%
in adults, and in individuals with severe CFTR mutations,
lifetime risk for development of CFRD exceeds 80%.34 As
life expectancy improves, the prevalence of CFRD is ex-
pected to rise.®) CFRD has been linked to poorer clinical
status(®), worse lung function(), and decreased survival.(®)
Figure 1 provides an overview of our current understand-
ing of CFRD pathophysiology, screening, and management.

Abbreviations used in this paper: CFRD, cystic fibrosis-related di-
abetes; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane con-
ductance regulator; T1D, type 1 diabetes; T2D, type 2 diabetes;
GWAS, genome-wide association studies; PRS, polygenic risk
scores; ADA, American Diabetes Association; OGTT, oral glucose tol-
erance test; GLP1RA, GLP-1 receptor agonists; DPP4i, dipeptidyl
peptidase-4 inhibitors.

© 2025 by SMART- MD Publishing, Pittsburgh PA
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Figure 1. Schematic illustration of our current understanding of
the pathophysiology of cystic fibrosis related diabetes (CFRD)

adapted from a figure in review by Moheet et al.(®)
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polygenic risk into precision medicine approaches
for early identification and risk stratification in
CFRD.19)

Risk factors for CFRD.(17:18)
- Increasing age
- Female sex
- Family history of type 2 diabetes
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CFTR mutation severity
- Cystic fibrosis related liver disease
- Lower lung function
- Chronic lung infections
- Corticosteroid therapy
- Enteral or parenteral nutrition
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2. Pathophysiology of CFRD

CFRD is a common comorbidity in individuals with CF
and pancreatic exocrine insufficiency.(19 CFRD has a dis-
tinct pathophysiology, sharing features of both type 1
(T1D) and type 2 diabetes (T2D), and is characterized by a
relative insulin deficiency that manifests early in life as im-
pairments in early phase insulin secretion.(!1) Unlike type 1
diabetes, CFRD is not caused by autoimmunity, and dia-
betic ketoacidosis is uncommon due to residual endoge-
nous insulin production; however, CFRD is characterized
by a deficient first phase insulin secretory response.(12) n-
sulin sensitivity is typically normal in CFRD, unlike T2D(12),
although it can be impaired during periods of acute ill-
ness.(13) Structural islet abnormalities alone do not fully ex-
plain the high CFRD prevalence among those with pancre-
atic exocrine insufficiency. Evidence from young children
with CF demonstrates pancreatic beta cell dysfunction
even before exocrine damage leads to fatty replacement
and fibrosis of the pancreas. Defective paracrine signaling,
oxidative stress, inflammation, and abnormalities of the is-
let microenvironment have also been implicated.(1415)
Other factors involved in the pathophysiology of CFRD, in-
clude incretin axis dysfunction and increased genetic sus-
ceptibility conferred by T2D associated genes(®, are sche-
matically represented in Figure 1.

There is substantial genetic overlap between T2D and
CFRD, evident both at gene-level and polygenic risk. Vari-
ants in the TCF7L2 gene are a well-established shared risk
factor for both T2D and CFRD. In addition, genome-wide
association studies (GWAS) have identified overlapping
risk variants in genes such as CDKAL1, CDKN2A/B, and
IGF2BP2. Polygenic risk scores (PRS), while not yet used in
clinical practice, may support future screening strategies.
These findings highlight the potential for incorporating

3. Screening and Diagnosis of CFRD

Table 1 summarizes CFRD screening and diagnostic cri-
teria as recommended in the American Diabetes Associa-
tion (ADA) position statement endorsed by the Cystic Fi-
brosis Foundation.(!9) A 2-hour oral glucose tolerance test
(OGTT) is currently the standard of care for diagnosing
CFRD. A 2-h 75-g OGTT is performed during a period of sta-
ble health (> 6 weeks after acute exacerbation) using the
World Health Organization protocol: Consume a minimum
of 150 g (600 kcal) of carbohydrate per day for 3 days prior
to test, followed by an 8-hour fast. On the morning of the
test, a standard beverage containing 1.75 g/kg glucose
(maximum 75 g) dissolved in water is consumed followed
by sitting quietly for the next 2 hours. In people with CF, in
addition to the 2-hour glucose, a 1-hour glucose is also rec-
ommended. Of note, individuals with CF are at increased
risk for hypoglycemia(l1) and it is recommended that pa-
tients consume a carbohydrate-containing meal following
the OGTT. Incidence of hypoglycemia during or after the
OGTT has been reported to be as high as 65%.(20

A diagnosis of CFRD is made with a fasting plasma glu-
cose 2126 mg/dL and/or a 2-hour value =2 200 mg/dL, with
at least one confirmatory test on a separate day. A 2-hour
glucose of 140-199 mg/dL (impaired glucose tolerance,
IGT) ora 1-hour glucose =2 200 mg/dL with a normal fasting
and 2-hour glucose (“indeterminate glycemia”, INDET) are
abnormal and are associated with an increased risk for de-
velopment of CFRD. Like CFRD, indeterminate glycemia has
been associated with poorer lung function.?1-24) An A1C 2
6.5% also meets diabetes criteria, although a normal A1C
does not exclude CFRD, due to low sensitivity. Notably,
given the challenges of adhering to annual OGTTs in this
population, a 2024 Canadian CFRD working group recom-
mended a two-step screening approach recommending
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OGTT only for individuals with Alc >5.5% would
be offered a routine screening OGTT that year.(25)
Alc would not be recommended as first-line
screening due to unreliable and falsely low A1C
values in individuals with hemoglobinopathies,
splenomegaly, renal disease, recent blood transfu-
sions, and organ transplantation.

Considerations for Diagnosis

Currently, there are no formal recommenda-
tions for routine islet autoantibody testing to
screen for T1D in children or adults diagnosed
with CFRD. However, in cases where the clinical
presentation is atypical for CFRD (e.g., acute
presentation severe hyperglycemia, diabetic ke-
toacidosis, or onset before the age of 10), or in
adults experiencing a sudden change in glycemic
control, testing for T1D-associated autoantibodies
is warranted to evaluate for autoimmune diabetes.
C-peptide testing is not routinely recommended in
CFRD, though it can be valuable in specific clinical
situations, such as when assessing the degree of
insulin insufficiency in these patients.

4. Treatment of CFRD

Goals of Management

Goals of CFRD management include optimizing
glycemic control to maintain or improve BMI and
pulmonary function, as well as preventing devel-
opment of diabetes-related microvascular compli-
cations. Although macrovascular disease has not
historically been described in people with CF, with
increasing longevity and increased rates over-
weight and obesity, macrovascular complications
may emerge in this population over time.(26) Data
on long-term complications in modulator-treated
individuals are still emerging.

Management Strategies

Approach to management of CFRD is very indi-
vidualized and changing with the burgeoning use
of CFTR modulator therapies. Existing studies
support the benefits of insulin therapy for improv-
ing weight and pulmonary function in people with
CF. However, most supporting data precedes CFTR
modulator therapies which increase longevity but
also associated with an increased prevalence of
overweight and obesity. At least two case series
have now been published citing improvements in
Alc and weight loss with GLP-1 receptor agonist
therapies in people with CFE.(3435) Caution is ad-
vised with these medications as gastrointestinal
side effects appear more common in individuals
with CF than in the general population. Individuals

SMART-MD Journal of Precision Medicine 2025; Vol 2. No 2.

Table 1. Screening and Diagnostic Criteria for CFRD

Gold Standard Recommenda-
tions for CFRD Screening and Di-
agnosis

Details

Screening for CFRD

Oral glucose tolerance test (OGTT)
- Annual testing starting at
age 10 years with a 2-h 75-
g OGTT (obtain plasma glu-
cose fasting, 1 hour and 2
hours post glucose load)

Diagnosis of CFRD by OGTT:

Must meet at least one criterion and
confirm on a separate day

Fasting plasma glucose > 126 mg/dL
and/or 2-hour plasma glucose > 200
mg/dL

Special circumstances allowing fo

r diagnosis of CFRD

Diagnosis of CFRD by A1C or ele-
vated random glucose

- A1C 26.5% *confirmed on
a separate day

- Elevations in random glu-
cose >200 mg/dL x2 with
classic symptoms of diabe-
tes (polyuria and polydip-
sia)

Persistent hyperglycemia during ill-
ness treated with IV antibiotics
and/or systemic glucocorticoid ther-

apy

Monitor fasting and 2-postprandial
finger stick blood glucose values in
the first 48 hours of therapy. If glu-
cose concentrations are 2200 mg/dL,
confirm with a plasma glucose when
able, and initiate insulin.

*Due to underlying decreased beta-
cell reserve, people with CF are par-
ticularly prone to stress-induced and
steroid-induced hyperglycemia re-
quiring insulin with illness/hospitali-
zation. If blood sugars normalize
upon discharge, insulin may not be
required between episodes. Intermit-
tent CGM can be helpful to guide in-
sulin needs during periods of base-
line health.

Persistent hyperglycemia during en-
teral feedings

Measure mid- and immediate post-
feeding plasma glucose levels at initi-
ation of feeding and monthly there-
after. If glucose during or after feed-
ing 2200 mg/dL on two consecutive
days, confirm with a plasma glucose
and initiate insulin for hyperglyce-
mia.

*CGM can be helpful for identifying
overnight excursions with enteral
feedings
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with CFRD should receive nutritional counseling as well as
insulin therapy, with recommendations to avoid sugar-
sweetened beverages and limit simple carbohydrates,
while maintaining overall caloric goals as recommended
for people with CF to achieve target BMI.

Individuals with cystic fibrosis typically follow a high-
calorie, high-salt, high-fat diet, a recommendation which
may be evolving with increasing rates of overweight and
obesity.(3637) Carbohydrate counting is generally recom-
mended, especially with use of a pre-meal short acting in-
sulin regimen.®8) Ongoing consultation with a registered
dietician and diabetes educator knowledgeable about CF
and diabetes is recommended.

Principles of Outpatient Insulin Therapy (ISPAD)

Insulin is the mainstay of treatment and the only offi-
cially recommended treatment for CFRD. Before a diagno-
sis of CFRD, insulin for abnormal glucose tolerance may be
helpful in individuals who have low BMI or have low lung
function, although data to support this practice are limited
to small, typically retrospective reports. More recent stud-
ies have not consistently shown the benefit of insulin for
people with CF prior to development of CFRD(9), and other
data show insulin use in abnormal glucose tolerance may
not mitigate weight loss or protein catabolism.(#041) In the
context of unexplained declines in pulmonary function or
weight, insulin therapy could be considered, although evi-
dence-based data to support benefits of this practice re-
main limited. For people with CFRD without fasting hyper-
glycemia, carbohydrate coverage or pre-prandial insulin
may be all that is required. Regular and intermediate-act-
ing insulin can be helpful for hyperglycemia related to
overnight enteral tube feedings.(*2) For individuals with
fasting hyperglycemia, total daily doses of 0.5-0.8 u/kg/d
or more are often required. In the setting of acute illness,
particularly with systemic corticosteroids, higher doses of
2-4 times the usual total daily dose are often necessary.(2)

Advanced diabetes technology is now integral to man-
agement of CFRD. Continuous glucose monitors reduce the
burden of outpatient glycemic monitoring, and insulin
pumps facilitate insulin delivery, especially those with au-
tomated insulin delivery (AID) or hybrid closed loop algo-
rithms that improve time in range, decrease glycemic vari-
ability and reduce hypoglycemia.(3-45)

Principles of Inpatient CFRD management with insulin:

When individuals with CFRD are admitted for inpatient
care, management of hyperglycemia should be individual-
ized, based on factors such as baseline insulin regimen, cur-
rent glucocorticoid use (oral or IV), and enteral feeding sta-
tus.(42)

Non-insulin therapy:
While there are no formal guidelines recommending use
of non-insulin therapies in the management of CFRD, there

Cystic Fibrosis-Related Diabetes €132

Table 2. Complications of CF-related diabetes

CF-related clinical complications

Weight loss, BMI decline!®®)

Lung function decline/®®

*The acute clinical impact of CFRD in the CFTR modulator
era is not well defined.

Infection risk including Staph aureus, Pseudomonas aeru-
ginosa, Burkholderia cepacia®’-2?

Acute kidney injury, Dehydration

Diabetes-related clinical complications

Microvascular complications!3?)

Macrovascular complications (historically rare)®32)
(33)

Hypertension

is limited and early evidence supporting the off-label use of
non-insulin oral or injectable therapies including rep-
aglinide, GLP1 receptor agonists, DPP4 inhibitors and met-
formin, summarized in Table 3. Repaglinide, a short-acting
insulin secretagogue in the meglitinide class, has shown
variable effects on glycemic control in CFRD. A Cochrane
review and a 2018 expert review concluded available stud-
ies were inconclusive regarding whether repaglinide is
equivalent to insulin therapy in terms of glycemic con-
trol.(4647) Incretin mimetics, including GLP-1 receptor ago-
nists (GLP1RA) and dipeptidyl peptidase-4 inhibitors
(DPP4i), are increasingly used off-label to manage CFRD,
CF-related abnormal glucose tolerance or coexisting meta-
bolic syndrome. Sitagliptin, a DPP4i, has been shown to re-
duce glycemic excursions and improve overall glycemia
when monitored with CGM®*8), and improve incretin re-
sponses.(49) Case series involving GLP1Ra such as exenatide
have reported beneficial effects on glycemic control and
weight, though gastrointestinal side effects were more fre-
quent in individuals with CF compared to the general pop-
ulation.(343550) Metformin, a biguanide medication com-
monly used in T2D for its insulin sensitizing effect, has lim-
ited evidence supporting its use in CFRD. A 2020 Cochrane
review concluded that data were insufficient to support
routine use.(*) However, two recent abstracts (2023,2019)
of single-center observational data reported modest im-
provements in glycemia and good tolerability among indi-
viduals with CFRD receiving metformin.(51.52) Finally, CFRD
is part of a broader category of “diabetes of the exocrine
pancreas” which includes diabetes due to chronic pancrea-
titis, cystic fibrosis, pancreatic surgery, hemochromatosis,
and other forms of pancreatic injury. These conditions may
be associated with a more labile form of diabetes and an
increased risk of pancreatic cancer. Metformin has been
proposed to have anti-cancer effects, potentially lowering
pancreatic cancer risk based on animal. dels and observa-
tional studies.
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Table 3. Summary of Non-Insulin Therapies for Cystic Fibrosis—Related Diabetes (CFRD): Mecha-
nisms, Considerations, and Evidence

cose co-trans-
porter-2 inhibi-
tors (SGLT2i)

reabsorption.

CFRD due to lack of evi-
dence supporting efficacy
and safety.

Therapy Mechanism of action When to consider? Is there any evidence?
Biguanides Inhibits hepatic gluco- | Consider for CFRD patients | Cochrane Review and published abstracts for
(Metformin) neogenesis. with insulin resistance and | observational studies assessing Metformin use
elevated HbA1c levels. in CFRD indicating tolerability and improve-
ment in glycemic control.(46:5%52)
Sodium-glu- Inhibits renal glucose | Not recommended for | No evidence in the current literature for CFRD.

Dipeptidyl pep-
tidase-4 inhibi-
tors (DPP4i)

Inhibits the enzymatic
inactivation of incretin
hormones.

Consider in cases of abnor-
mal OGTT, as Sitagliptin
has shown improvement
in glycemic control.

Observational study of 25 patients with pan-
creatic insufficiency reporting Sitagliptin use
was associated with short term glycemic im-
provements in early CFRD (2023).“® Retro-
spective case series of 23 patients with 100%
tolerability and improvement in glycemia
(2024).59 RCT of 12 adults with AGT and pan-
creatic insufficient CF showing 6 months of
sitagliptin therapy was well tolerated and im-
proved incretin response but not postprandial
glycemia as compared to placebo (2021).%

Glucagon-like
peptide-1 re-
ceptor agonists
(GLP-1RAs)

Augments glucose-de-
pendent insulin secre-
tion and suppresses
glucagon release.

Consider for CF patients
with impaired glucose tol-
erance and postprandial
hyperglycemia. Use with
caution if pancreatitis is a
risk.

Crossover RCT in 6 patients with CF and IGT
showing significant improvements in postpran-
dial hyperglycemia after exenatide (2018).159) A
case series of 11 patients reporting glycemic,
pulmonary and weight benefits of semaglutide
and tirzepatide and 20% reporting Gl intolera-
bility (2025).13%)

Sulfonylureas

Stimulates insulin se-
cretion from pancre-
atic B-cells.

Not recommended for
CFRD due to lack of evi-
dence supporting efficacy
and safety.

No supportive evidence in CFRD.5?

Thiazolidinedi-
ones (TZDs)

Improves insulin sensi-
tivity by enhancing pe-

Not recommended for
CFRD due to lack of evi-

No supportive evidence in CFRD.">”

lease from pancreatic
B-cells.

glycemia. Potential risk of
hypoglycemia.

ripheral glucose up- | dence supporting efficacy

take. and safety.
Meglitinides Stimulates glucose-de- | Consider in CFRD patients | A Cochrane Review (2020), reviews by Moheet
(Repaglinide) pendent insulin re- | with postprandial hyper- | & Moran (2018) and Ode et al (2019) reporting

limited evidence comparing repaglinide to in-

sulin, with no clear superiority over insu-
lin (46,47,58)

Acarbose

Inhibits enzymes in the
small intestine that
break down complex
carbohydrates into glu-
cose.

Not recommended for
CFRD due to limited evi-
dence of efficacy and
safety.

No supportive evidence in CFRD.5”
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However, definitive evidence from randomized controlled
trials in CFRD or related conditions is currently lack-
ing.(5354) As the life expectancy of individuals with cystic fi-
brosis increases, the relative risk of pancreatic cancer com-
pared to the general population is expected to rise, alt-
hough the absolute risk of pancreatic cancer in the CF pop-
ulation is likely to remain low.(5%)

Long-term Monitoring and Complications

CFRD should be managed by an endocrinologist, in con-
junction with the CF care team, and long-term monitoring
for complications should include screening as follows, in
accordance with ADA guidelines:

e Blood pressure should be assessed at each visit
due to the elevated risk for hypertension.

e Annual monitoring for microvascular complica-
tions of diabetes starting 5 years after diagnosis,
including retinopathy, nephropathy and periph-
eral neuropathy.

e If microvascular disease or hypertension are pre-
sent, patients with CFRD should receive treatment
per the standard of care for the applicable condi-
tion. Patients with CF should avoid sodium or pro-
tein restriction as part of their management.

Patients with exocrine pancreatic sufficiency, obesity, or-
gan transplantation, or a family history of coronary artery
disease require an annual lipid profile.

5. Future Directions in CFRD and Precision Medicine

Despite significant advances in CF treatment, particularly
widespread use of CFTR modulator therapies, CFRD re-
mains a challenging condition to screen for and manage.
CFTR modulators can partially restore CFTR function, dra-
matically improving pulmonary function, nutritional sta-
tus, and overall clinical outcomes for individuals with CF.
However, data from the PROMISE study, a real-world longi-
tudinal observational study of the effects of clinically pre-
scribed elexacaftor/tezacaftor/ivacaftor in individuals
aged 212 years, demonstrate persistent glucose tolerance
abnormalities and CFRD in the CFTR modulator era.(>9
Earlier introduction of CFTR modulators at younger ages
has the potential to alter CFRD trajectory, though long-term
outcomes remain uncertain.
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