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Introduction

Although pulmonary involvement is the major
morbidity for most individuals with cystic fibrosis
(CF), these patients also have a variety of gastroin-
testinal problems.12 In 1994, the first colonic stric-
tures were reported in patients with CF in the
United Kingdom, Europe, and the United States,
and these appeared to be temporally related to the
introduction of high-strength pancreatic enzyme
supplements (HSPE).3-6 A spectrum of intestinal
involvement has been observed. The term “fibros-
ing colonopathy” has been coined to include the
pre-stricture state as well as the presence of true
strictures. Between, January, 1990, and December,
1994, a total of 35 cases of colonic stricture, con-
firmed by histology at surgery, were reported to
the U.S. Cystic Fibrosis Foundation (CFF). The
CFF organized a Consensus Conference in March
of 1995 in conjunction with the U.S. Food and
Drug Administration to examine use of pancreatic
enzymes in patients with CF, and to comment on
the diagnosis and management of patients at risk
of developing fibrosing colonopathy. What fol-
lows does not reflect any opinions regarding stan-
dards of care prior to the date of the conference.

Treatment of Pancreatic Insufficiency

Ninety-three percent of patients in the U.S. CFF
Patient Registry are treated with pancreatic
enzyme supplements.” Since pancreatic enzyme
supplements were available prior to the 1938
Food, Drug and Cosmetic Act, the usual dose-
ranging, efficacy and safety studies were never
performed. Few guidelines have been published
concerning dosing of pancreatic enzymes, and
there is scant literature on adverse events related
to enzyme use.

Most published studies have used the three-day
fecal fat method to study the efficacy of pancreatic
enzyme supplements.8-17 The majority of these
studies did not include HSPE and most express
enzyme dose in terms of capsules per day rather
than dose per meal. The numbers of patients stud-
ied were small. The range of fecal fat results is
wide, indicating great individual variation in
response (Table 1). Notably, very few studies have
been done on young infants, and most involve
older subjects. Thus, the conference participants
have come to the following consensus concerning
enzyme dosing which is based on limited scientific
evidence.

Diet

Pancreatic insufficient patients should consume a
high-calorie diet with unrestricted fat which is
appropriate for age and clinical status. Additional
calories will be required for catch-up growth. A
nutritional assessment should be performed regu-
larly as a component of routine care of patients
with CF, and additionally, when dosing of pancre-
atic enzyme replacement is altered.18

Enzyme Dosing

Infants may be given 2,000-4,000 lipase units per
120 ml of formula or per breast feeding.18 This
provides approximately 450-900 lipase units per
gram fat ingested (based on 4.5 grams of fat per
120 ml standard cow’s milk-based infant formula).
Dosing enzymes per gram of fat ingested provides
consistent guidelines for all ages. In general,
patients will need 500-4,000 lipase units per gram
of fat ingested per day (mean = 1,800 lipase units
per gram of fat per day).19 This system of calcu-
lating the dose takes into account the fact that fat
intake is high relative to body weight in infancy,
but decreases with time. On average, infants
ingest 5 grams of fat per kilogram of body weight
per day, whereas adults tend to ingest about 2
grams of fat per kilo per day. Dosing enzymes
according to how much fat is eaten per meal is
more likely to mimic the body’s own response of
adjusting pancreatic enzyme excretion relative to
how much fat is present in a meal.




Volume VI, Section I, Page 2

Alternatively, a weight-based scheme for pancreat-
ic enzyme dosing may be used. Although less
physiologic, this method is a practical way to
determine the number of enzyme capsules needed
per meal. This avoids shifting dosing schedules
which may be confusing for some caretakers, (e.g.,
daycare, schools, children in joint custody) or may
be difficult for some patients to understand.
Weight-based enzyme dosing should begin with
1,000 lipase units/kg/meal for children less than
age four years, and at 500 lipase units/kg/meal
for those over age four. Enzyme doses expressed
as lipase units/kg/meal should be decreased in
older patients since they weigh more but tend to
ingest less fat per kilogram. Usually, half the stan-
dard dose is given with snacks. The total daily
dose should reflect approximately three meals and
two to three snacks per day.

If symptoms and signs of malabsorption persist,
the dose may be increased by the CFF Care Center
staff. Patients should be instructed not to increase
the dose on their own. There is great interindivid-
ual variation in response to enzymes; therefore, a
range of doses is suggested. Changes in dose or
product may require an adjustment period of sev-
eral days. If doses exceed 2,500 lipase
units/kg/meal, or 4,000 lipase units/gm fat/day,
further investigation is warranted (see section on
Management of the Patient with a Poor Response
to Therapy). Since it is unknown whether doses
between 2,500 and 6,000 lipase units/kg/meal or
doses >4,000 lipase units/gm fat/day are truly
safe, doses above 2,500 lipase units/kg/meal
(4,000 lipase units/ gm fat/day) should be used
with caution and only if they are documented to
be effective by three-day fecal fat measures which
indicate a significantly improved coefficient of
absorption.

Doses above 6,000 lipase units/kg/meal have
been associated with colonic strictures in children
less than twelve years of age, whether standard
strength enzymes or HSPE were taken.® Patients
currently on higher doses (>2,500 lipase
units/kg/meal or 4,000 lipase units/gram fat
ingested /day) should be evaluated and either
immediately decreased, or titrated down to a
lower dosage range.

Enzyme Products

Most products are capsules which contain enteric-
coated microencapsulated enzymes. These may be
either microtablets (“MT”; all pellets are the same
size) or microspheres (heterogeneous sizes). In this

document, the term microcapsule will be used as a
generic term to describe both microtablets and
microspheres. The enteric coating prevents inacti-
vation of enzymes in the acidic gastric environ-
ment. The dissolution profile of generic microcap-
sules may not be equivalent to proprietary brands
despite identical enzyme content.20.21 Patients
should receive only the product brands prescribed
by their CFF Care Center.20 Since some products
contain pancreatin while others contain pancreli-
pase, the ratio of proteases to lipase is not the same
in all brands. It is uncertain if this is clinically rele-
vant. The U.S. Pharmacopeia requirements state
that enzyme products may contain no less than
90% of the amount stated on the label, but do not
set an upper limit for the contents. Capsules are
often overfilled to compensate for enzyme degra-
dation during storage.2!

Administration of Supplements

Small children may be unable to swallow whole
capsules. Capsules may be opened and the con-
tents mixed with a small quantity of applesauce or
another non-alkaline food. However, the micro-
capsules cannot be crushed or allowed to sit in
food as disruption of the enteric coating will lead
to inactivation of the enzymes. Pancreatic
enzymes should be stored in a cool, dry place and
checked regularly for expiration dates.

Management of Patients With a Poor Response
to Therapy

A poor response to therapy can be defined as con-
tinued abdominal complaints (such as bloating;
flatus; abdominal pain; loose, frequent stools or
overt diarrhea) along with symptomatic steator-
rhea (bulky, oily, foul stools) and/or poor growth
despite treatment with pancreatic enzymes.
Abdominal pain alone does not indicate the need
for an increase in enzyme dosage. Before increas-
ing the enzyme dose above the recommended
range, one should consider factors which may
cause these symptoms, but which will not respond
to increasing the enzyme dose (Tables 2 and 3).

Dietary Factors

Dietary factors may lead to a poor response. In
younger children, excessive juice intake can cause
loose stools due to carbohydrate malabsorption.22
Many parents are unaware that enzymes need to
be taken before milk (i.e., they do not think of a
liquid as a food) or other small snacks.
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Furthermore, lactose intolerance can cause symp-
toms of malabsorption. “Grazing” food behavior
can make enzyme dosing difficult; therefore, dis-
crete meals and snacks are recommended. “Fast
food” or other high-fat meals may cause unexpect-
ed, temporary changes in stool pattern which do
not warrant long-term changes in enzyme dosage.

Adherence Issues

Psychosocial resistance and lack of adherence by
choice will result in ongoing malabsorption.23
Toddlers may willfully refuse enzymes, and this
behavior may be amplified in chaotic households
or if there are multiple meal givers. School-age
children and teens may not take enzymes because
of anger about having a chronic disease or a desire
to appear “normal.” Teenage girls may discover
that they receive positive reinforcement by remain-
ing slim, and that it is easy to do so if they do not
take their enzymes.

Adjunctive Therapies

Patients with CF who are pancreatic insufficient
do not produce the high-volume bicarbonate-rich
pancreatic secretion required to neutralize gastric
acid. Acidity in the gastrointestinal tract may pre-
vent or retard dissolution of enteric-coated micro-
capsules.* Numerous studies have examined the
effect of alkalinization of the duodenal contents by
bicarbonate or drugs that inhibit gastric acidity.25-28
These agents may be useful adjuncts in the man-
agement of patients with poor response to therapy.
Occasionally, use of non-enteric coated pancreatic
powders in combination with enteric-coated
enzymes, giving some of the total number of cap-
sules at mid-meal, or prescribing a brand of
enzyme with a different dissolution profile (e.g.,
microspheres versus microtablets), may be helpful.

Other Factors

Factors other than abnormal intestinal pH may
affect nutrient absorption in patients with CF.
Abnormal gastric and intestinal motility, a reduc-
tion in the bile acid pool, precipitation of bile
acids, and thick, tenacious intestinal mucins may
contribute to malabsorption despite provision of
adequate amounts of pancreatic enzymes.

Concurrent gastrointestinal problems unrelated to
CF may cause symptoms of malabsorption which
will not respond to increasing the enzyme dose
(Table 3). These diagnoses should be considered if
patients do not respond to usual therapy.

Diagnosis and Management of Fibrosing
Colonopathy

Definition and Diagnosis

The term fibrosing colonopathy describes a condi-
tion associated with ingestion of large quantities of
pancreatic enzyme supplements. At its most
advanced, this condition leads to colonic strictures.
Fibrosing colonopathy should be considered in
patients with CF who have evidence of obstruc-
tion, bloody diarrhea or chylous ascites, as well as
in patients who have a combination of abdominal
pain, ongoing diarrhea and/or poor weight gain.
Patients at highest risk include those who are less
than twelve years of age, have taken >6,000 lipase
units/kg/meal of pancreatic enzymes for greater
than six months, have a history of meconium ileus
or distal intestinal obstruction syndrome, have had
any intestinal surgery or have a diagnosis of
inflammatory bowel disease.3-¢  While the defini-
tive diagnosis can only be made by microscopic
evaluation of surgical resection specimens, overt
strictures can be demonstrated by barium enema
prior to laparotomy.

The pre-stricture lesion is more difficult to define.
A barium enema is the most reliable method for
diagnosing fibrosing colonopathy. A contrast
enema which shows colonic shortening, focal or
extensive narrowing and a lack of distensibility is
highly suggestive. Bowel wall thickening alone is
not diagnostic.2 Endoscopy may show an erythe-
matous mucosa and areas of narrowing, either
proximally in the ascending or transverse colon or
involving the entire colon. Multiple forcep-pinch
biopsies are recommended. Biopsies which
demonstrate fibrosis of the lamina propria are
strongly suggestive of the diagnosis. Supportive
evidence on biopsy includes inflammation with
eosinophils, focal neutrophilic cryptitis and apop-
tosis. Special stains for tyrosine hydroxylase, neu-
ron specific enolase and acetylcholinesterase are
recommended, since some surgical specimens
have demonstrated ganglion cells in the lamina
propria.30

Some investigators have been able to detect bowel
wall thickening with ultrasound, although there is
not universal agreement on the range of normal in
patients with CF. The presence of ascites is highly
suggestive of fibrosing colonopathy. In one study,
sonographic evidence of decreased bowel wall
thickness occurred after pancreatic enzyme doses
were lowered.3!
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Treatment

Patients with fibrosing colonopathy should have
the enzyme dosage reduced to within the recom-
mended range of 500-2,500 lipase units/kg/meal.
Concurrent diagnoses should be considered in
patients who have ongoing abdominal symptoms,
and medical adjuncts should be employed as
described above. Adequate nutritional support
must be maintained in these patients. In some
cases, enteral elemental feeding or total parenteral
nutrition may be warranted. Patients whose nutri-
tional status cannot be maintained, those showing
evidence of obstruction, or those with uncontrol-
lable bloody diarrhea or chylous ascites, will need
surgical intervention.

Since the natural history of fibrosing colonopathy
remains unknown, patients who have not required
surgery should be monitored closely. Some
patients may be at risk to progress to stricture for-
mation. Itis uncertain whether regression of
fibrosing colonopathy occurs.

Goals for Future Research

The occurrence of fibrosing colonopathy has stim-
ulated clinical and basic research questions. The
following are areas which the panel felt needed
further investigation (Table 4).

Basic Research

Investigations to define the pathogenesis of fibros-
ing colonopathy are strongly recommended. It
was noted that investigators are already develop-
ing animal models to attempt to evaluate the
pathogenesis of the colonic lesion. Appropriate
animal models could be used to evaluate product
formulations, the various enzymes, their coatings,
and whether or not other contaminants within the
enzyme products are responsible for the lesion.

The complex nature of porcine enzyme extracts
should be examined in more detail. In addition to
the twenty or more digestive enzymes, it was rec-
ognized that these crude enzyme extracts contain
many other potentially toxic biologically active
peptides and/or growth factors. Some factors
may be fibrogenic when released in the colon. It
was recognized that the pharmaceutical industry
may have data on file concerning the various fac-
tors that are present in enzyme preparations. The
industry is encouraged to divulge these data.
Research concerning the biologic and pathologic

effects of some of these preparations is encour-
aged. The significance of the differing ratios of
lipase:amylase:protease in different products
should be explored.

With respect to the limitations of existing enzyme
preparations, it was recognized that “better” prod-
ucts should be developed. Factors that should be
taken into account include the mechanism and site
of release of microcapsule preparations and the
intestinal environment of patients with CF (intesti-
nal pH, bicarbonate, abnormal intestinal mucins,
reduced bile acid pool, the effect of precipitable
bile acids, etc.). Alternative enzyme products such
as acid stable lipases should be evaluated in more
detail.

Non-invasive, quantitative tests of exocrine pan-
creatic function should be developed. In addition,
non-invasive tests capable of determining both the
efficacy and fate of orally ingested pancreatic
enzyme supplementation are urgently needed. In
order to validate non-invasive tests, appropriate
invasive tests should be refined; these would serve
as the “gold standard” for assessing non-invasive
tests of pancreatic function and of the efficacy of
enzyme therapy.

Clinical Research

The case-control studies which have been conduct-
ed in the United Kingdom and the United States
will help to evaluate which factors put patients at
risk to develop fibrosing colonopathy.

It was concluded that predictive markers of the
“early lesion” of fibrosing colonopathy should be
developed. In this regard, longitudinal evaluation
of identified cases (particularly those with an
“early lesion”) was encouraged. Evaluation of the
effects of pancreatic enzyme therapy in non-CF
pancreatic insufficient patients would also be help-
ful. Hirschsprung disease, or a secondary compli-
cation such as intestinal neuronal hyperplasia
were identified as potential clues to the etiopatho-
genesis of fibrosing colonopathy.

Since preliminary studies suggest a higher preva-
lence of Crohn’s disease in CF, studies concerning
the possible relationship between inflammatory
bowel disease and enzyme therapy should be
entertained. The possibility that this lesion is due
to an immune complex disease was entertained.

Clinical studies to evaluate the dissolution charac-
teristics of microcapsular pancreatic enzymes
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within the intestine were considered to be an
important area of clinical investigation.

Sensitive and reliable diagnostic tools to identify
fibrosing colonopathy (imaging techniques, histo-
logical assessment, or biochemical tests) require
further evaluation and validation. CFF Care
Centers which have identified large numbers of
cases are encouraged to collaborate. Endoscopic
ultrasound was promoted as a specific example of
a novel diagnostic technique capable of assessing
the intestinal wall. Histologic definitions for diag-
nosis of fibrosing colonopathy should be standard-
ized.

Additional insights into this condition would be
gained by monitoring patients who have previous-
ly received high-strength, high-dose pancreatic
enzymes but remain asymptomatic.

Behavioral studies designed to evaluate patient
response and ability to cope with the adjustments
to drug dosages are encouraged as are studies to
evaluate adherence to therapy. Techniques
designed to improve adherence should be evaluated.

Conclusion

Although the mechanism of injury is unknown, it
is now clear that ingestion of high doses of pancre-
atic enzymes can lead to adverse gastrointestinal
events. Until future research gives us more specif-
ic answers, physicians must balance the imperfect
art of pancreatic enzyme dosing with the need to
control malabsorption, since normal nutritional
status and growth remain a goal for all patients
with CF.
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TABLE 2

FACTORS CONTRIBUTING TO A POOR RESPONSE TO
PANCREATIC ENZYME THERAPY

Enzyme Factors

Outdated prescription
Enzymes not stored in cool place

Dietary Factors
Excessive juice intake
Parental perception that enzymes are not needed with milk or snacks
“Grazing” eating behavior
High fat “fast foods”
Poor Adherence to the Prescribed Enzyme Regimen
Toddler willful refusal
Chaotic household / multiple mealgivers
Anger and/or desire to be “normal”
Teenage girls” desire to be slim

Acid Intestinal Environment

Poor dissolution of enteric coating
Microcapsule contents released all at once

Concurrent Gastrointestinal Disorder (see Table 3)
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TABLE 3

SOME CONCURRENT GASTROINTESTINAL DISORDERS
WHICH MAY CAUSE MALABSORPTION WHICH WILL NOT
RESPOND TO INCREASING ENZYME DOSE

DIAGNOSIS

EVALUATION

Lactose malabsorption

Stool clinitest, breath test

(lactose)

Enteric bacterial infection

Stool WBC, hematest, culture

Parasites, especially giardiasis

Stool for ova and parasites;
string test, duodenal aspirate

Bacterial overgrowth of small intestine

Breath test (glucose)

Biliary disease/ cholestasis

Alkaline phosphatase, GGT, ultrasound,
DISIDAscan, cholangiogram

Pseudomembranous colitis

Stool WBC, hematest, C. difficile toxin titer

Celiac disease

Small bowel biopsy, anti-endomysial and /or
antigliadin antibodies

Short bowel syndrome

Surgical history

Crohn’s disease

Stool WBC, hematest, contrast radiographs,
colonoscopy and/or endoscopy and biopsy
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TABLE 4

POTENTIAL AREAS FOR FUTURE RESEARCH

BASIC RESEARCH

CLINICAL RESEARCH

Animal Models of Pathogenesis
types of preparations
coating of microcapsules
effects of enzymes

Pancreatic Enzymes
composition
effects

Development of “Better” Enzymes
acid-resistant
bile-salt independent

Tests of Efficacy and Fate of Pancreatic
Enzyme Therapy

non-invasive

invasive

Case-control Studies (UK and US)

Clinical Clues to Etiopathogenesis
predictive markers of “pre-stricture” lesion

longitudinal evaluation of identified cases

Fate and Dissolution of Microcapsular Preparations
dosing study: HSPE vs. low strength at same dose
dissolution in vivo

Diagnosis of Fibrosing Colonopathy
imaging techniques
endoscopic ultrasound
histology
other

Behavioral Aspects of Enzyme Therapy
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