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SUMMARY

Background

Pancreatic enzyme supplementation is standard treatment for malab-
sorption caused by chronic pancreatitis. The FDA recently required all
manufacturers to submit New Drug Applications to continue to market
these agents because published data demonstrated variation in formula-
tion, bioavailability and shelf-life while providing limited data about
efficacy and safety.

Aim

To review systematically the design and results of randomized, parallel-
design trials of pancreatic enzyme supplements in chronic pancreatitis
patients with steatorrhea.

Methods

A computer-assisted search of MEDLINE and EMBASE was performed to
identify relevant studies. Two authors performed duplicate data extrac-
tion on study design, improvement in coefficient of fat absorption
(CFA), diarrhoea and adverse events using pre-specified forms. Agree-
ment between investigators for data extraction was greater than 95%.

Results

Of 619 articles found through literature searching, 20 potentially rele-
vant articles were identified and four manuscripts met inclusion criteria.
No studies performed head-to-head comparisons of different supple-
ments. Enzyme supplementation is more likely to improve CFA com-
pared with placebo, but fat malabsorption remained abnormal.
Important differences in patient population, study endpoint, study
design, pancreatic enzyme dosage and measurement of CFA were pres-
ent across trials, which precluded comparison of different agents.

Conclusions
Enzyme supplementation improves CFA compared to placebo, but may
not abolish steatorrhoea.
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INTRODUCTION

Pancreatic enzyme supplements have been available
for many years, but proof of efficacy and safety
through the US Food and Drug Administration (FDA)
New Drug Application (NDA) process was not required
because these agents had been used for many years
before institution of the NDA process. In April 2004,
the FDA reported that ‘currently marketed pancreatic
enzyme preparations differ in their composition, enzy-
matic activities, formulation, stability and bioavailabil-
ity. These differences have led to highly variable
pancreatic enzyme preparation quality and therapeutic
performances... such differences over time can lead to
batch-to-batch inconsistency and to unacceptable var-
iability in ... quality and therapeutic performance’.'
Therefore, the FDA determined that published data
about pancreatic enzyme supplements were insuffi-
cient and that new randomized controlled trial (RCT)
data would need to be submitted as part of NDAs for
any marketed pancreatic enzyme supplements. These
new data would need to demonstrate the efficacy and
safety of these agents along with consistency in manu-
facturing and stability/shelf-life of these agents.

Although pancreatic enzyme supplementation is
‘standard of care’ for malabsorption because of cystic
fibrosis and severe chronic pancreatitis, the efficacy and
safety of these agents remain unclear. To assess efficacy
and safety of these agents, broad questions about pan-
creatic exocrine insufficiency and specific questions
about enzyme supplementation should be answered and
the FDA guidance' on pancreatic enzyme supplementa-
tion raised some of these questions. How should malab-
sorption be quantified and how should improvement in
malabsorption be measured in clinical trials? What is
the appropriate dose and timing of enzyme administra-
tion? Are porcine enzyme supplements stable over
12 months? What is the ‘shelf-life’ of these agents? Is it
necessary for enzyme supplements to contain consis-
tently 100% of labelled claims for potency or will sig-
nificant (£65%) variation in the quantity of enzyme
contained in each capsule impact efficacy and safety of
these supplements? We propose to review published
randomized controlled trial (RCT) data about pancreatic
enzyme supplementation in chronic pancreatitis
patients to address questions about the efficacy, safety
and stability of these agents.

No previous systematic review has qualitatively and
quantitatively reviewed the study design and results of
published RCTs on the efficacy and safety of these

agents. Our goal was to perform this review. We
focused our analysis on studies that met the recom-
mended criteria in the FDA guidance' by limiting our
analysis to parallel-design RCTs that used coefficient
of fat absorption (CFA) to assess changes in malab-
sorption. We also sought to extract clinically relevant
data about adverse events, quantity of pancreatic
enzyme supplements included in each capsule, stabil-
ity/shelf-life of capsules and malabsorption symptoms
such as diarrhoea and weight loss. Through this
review, we sought to validate the FDA’s conclusion
that published data about pancreatic enzyme supple-
ments were insufficient and that new RCT data are
needed. We also sought to determine the strengths and
limitations of study design and results from published
RCTs, identify gaps in the current literature, outline
the design of additional studies which would clarify
optimal therapy and provide an up-to-date review of
the existing RCT literature prior to publication of new
RCTs required by the FDA.

MATERIALS AND METHODS

Literature search

A computer-assisted search was conducted to identify
potentially relevant publications in the following data-
bases on December 7, 2007: OVID MEDLINE, MEDLINE
In-Process and Other Non-Indexed Citations, EMBASE,
OVID Cochrane Library, and the Centre for Reviews
and Dissemination (CRD).

A search of the OVID MEDLINE database <1980 to
November Week 2 2007> was performed using the fol-
lowing exploded (exp), medical subject heading
(MeSH) and textwords: exp Chronic Pancreatitis/dt
[Drug Therapy] OR exp Exocrine Pancreatic Insuffi-
ciency/dt [Drug Therapy] OR exp Pancreatitis OR exp
Cystic Fibrosis OR exp Exocrine Pancreatic Insuffi-
ciency OR (pancreatitis or (pancrea$ adj2 insuffi-
cien$)).mp. [mp = title, original title, abstract, name of
substance word, subject heading word] AND exp
Enzymes/ OR (enzyme$ adjl (pancrea$ or replace$ or
supplement$)).mp. [mp = title, original title, abstract,
name of substance word, subject heading word] OR
(pancreatin or pancrease or pancrelipase or ultrase or
cotazym or creon or kreon or theraclec or encron or
protilase or lipase or hydrolase or exolipase or trigly-
ceridase or ALTU-135).mp. [mp = title, original title,
abstract, name of substance word, subject heading
word]. This was then limited to humans and a search
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filter designed to retrieve controlled clinical trials, sys-
tematic reviews, meta-analyses or randomized con-
trolled trials was applied.

The same search strategy was used to search the
OVID Cochrane Library. Both the MEDLINE In-Process
and Other Non-Indexed Citations, and the CRD data-
bases were searched using textword combinations. A
search of the EMBASE database <1980 to 2007 Week
49> was performed using search terms similar to those
used in the MEDLINE search. Additional searches of
the Digestive Diseases Week (DDW) abstracts from
2006-2007 were performed with the search terms
‘pancreatic enzymes’ or ‘steatorrhoea’ or ‘chronic pan-
creatitis’ or ‘cystic fibrosis’.

Study selection criteria

Study inclusion criteria were: (a) study design-RCT
with parallel design; (b) study population-chronic pan-
creatitis based on TIGAR-O aetiological classification
(Toxic-metabolic, Idiopathic, Genetic, Autoimmune,
Recurrent and severe acute pancreatitis, and Obstruc-
tive)” with confirmed steatorrhoea; (c) study interven-
tion-oral placebo vs. pancreatic extract preparations
[uncoated, enteric coated microspheres (MSP), micro-
spheres (MMSP), microtablets (MT)]; (d) study end-
point-change in pancreatic malabsorption of fat based
on coefficient of fat absorption (CFA; see Table 2) or
coefficient of absorption (COA) of fat or faecal fat
excretion (FFE) over a specific period of time. Also, we
extracted data for the following endpoints: coefficients
of nitrogen absorption (CNA), change in weight, nutri-
tional measurements, clinical symptoms including
diarrhoea and adverse events. Studies were excluded
if: (a) aetiology of malabsorption was non-pancreatic
malabsorption caused by bacterial overgrowth, small
bowel mucosal disease, short gut or cholestatic liver
disease or if patient had secondary pancreatic insuffi-
ciency caused by pancreatic cancer/surgery.

As there are no gold-standard criteria for the diag-
nosis of chronic pancreatitis, studies were included if
they used one of the following measures to identify
chronic pancreatitis patients: individual imaging tests
(calcification on imaging, >5 EUS criteria® and Cam-
bridge criteria 2-3* for ERCP, CT or US), direct pancre-
atic function testing or multi-component diagnostic
criteria (Ammann®, Mayo,6 Japanese Pancreas Soci-
ety’). The diagnosis of pancreatic malabsorption was
considered based on findings of direct and/or indirect
tests of pancreatic function. The criteria for the
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diagnosis of cystic fibrosis were based on the 1998
consensus.®

Two investigators (A.W. and M.D.) independently
reviewed the titles and abstracts of all citations identi-
fied by the literature search. Potentially relevant stud-
ies were retrieved and the selection criteria applied.
Agreement between investigators for selection of stud-
ies for the systematic review was greater than 95%,
and disagreements were resolved by consensus. Studies
published only as abstracts were included if they had
sufficient information on study design, characteristics
of participants, interventions and outcomes and if the
first author of an abstract would provide full informa-
tion, including final results.

Data extraction and assessment of
methodological quality of individual studies

Eligible articles were reviewed in a duplicate, indepen-
dent manner by two investigators (A.W., B.W). For
each study, the investigators recorded the study
design, the inclusion and exclusion criteria, aetiology
of primary pancreatic insufficiency, diagnostic criteria
for chronic pancreatitis, diagnostic criteria for pancre-
atic insufficiency, diagnostic criteria for cystic fibrosis,
number of patients in each arm of study, age of
patients, pancreatic enzyme used, dose of pancreatic
enzyme, formulation of pancreatic enzyme, standard-
ized lipase dose (units in USP see Table 1), timing of
enzyme administration, concomitant use of other

Table 1. Lipase conversion dose

Correlation among 4 units of enzymatic activity for amylase,
lipase and protease

Enzyme PhEur unit FIP unit BP unit USP units
Amylase 1 1 1 4.15
Lipase 1 1 1 1
Protease 1 1 1 62.5

Adapted from.'®

Table 2. Coefficient of fat absorption (CFA)

_ Dietary fat (g/d)-Fecal fat (g/d)

CFA Dietary fat (g/d)

x 100%
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medications, use of a fecal fat balance study, duration
of follow-up, quantification of faecal fat and its
method of collection, results of primary endpoint,
results of all secondary endpoints and results of
adverse event reporting.

There are no standardized criteria to assess the
methodological quality of RCTs about pancreatic
enzyme supplementation, but there are validated cri-
teria to assess the quality of RCTs about therapy.’
These general criteria emphasize the importance of
proper randomization, concealed allocation, double-
blinding and complete patient follow-up. Other
appropriate methodological criteria for any RCT
include calculation of a sample size. With respect to
pancreatic enzyme supplementation, it is crucial to
confirm the presence of fat malabsorption based on
CFA prior to enrolling patients into these studies.
Also, since CFA measurements are dependent on the
quantity of fat consumed (Table 2), dietary fat con-
sumption during CFA measurements should be care-
fully controlled. This can be accomplished through
multiple techniques including monitored dietary
intake while in clinical research centres and use of
stool dye markers to demarcate the beginning and
end of a 72-h fecal fat collection while a patient’s
diet is monitored. For this review, we assessed the
methodological quality of individual RCTs with

619 citations reviewed

respect to use of randomization, concealed allocation,
double-blinding, complete patient follow-up, confir-
mation of fat malabsorption prior to study enroll-
ment, use of stool dye markers to demarcate
beginning and end of a 72-h faecal fat collection and
use of monitored dietary fat intake to confirm accu-
rate measurement of CFA.

Data analysis

For reasons of vast differences in study design, study
population, formulation and dosing of enzyme supple-
ments and definition of study endpoint, pooling of
data into a meta-analysis or direct comparisons of dif-
ferent agents was not feasible. Therefore, results of
individual RCTs are presented in tabular form.

RESULTS

Literature search

The MEDLINE search yielded 290 articles. The EM-
BASE search yielded 472 articles. DDW abstract
reviews revealed no new articles (Figure 1). Manual
searches of reference lists from potentially relevant
papers identified 13 additional publications that were
not detected using the computer-assisted strategy.

Y

528 citations not on topic of
pancreatic enzymes or on chronic
pancreatitis and clinical trials

Y

91 citations clinical trials

» 71 citations cross over design or
do not meet other study criteria.

Y

20 full articles reviewed

Y

15 citations cross over design or do
> not meet other study criteria. 1 citation
insufficient detail for analysis.

Figure 1. Selection of studies

4 included

for review of pancreatic
enzyme treatment of pancre-
atic exocrine insufficiency.
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All citations were downloaded into Reference Man-
ager and then EndNote and duplicates were removed.
In all, 619 unique citations were obtained and the
titles and abstracts of each citation were reviewed.
Twenty relevant studies were identified, retrieved and
completely reviewed. Sixteen studies did not meet
study selection criteria because of lack of randomiza-
tion, lack of placebo control, enrolment of patients
with pancreatic cancer, pancreatic surgery, coeliac dis-
ease or other small bowel malabsorptive disorder. One
manuscript from a Croatian study could not be
obtained despite repeated attempts to contact the
author and one additional abstract was not included
because the abstract lacked sufficient information for
inclusion and additional information could not be
obtained despite contacting the first author.

Summary of randomized controlled trial results

Four studies met inclusion criteria'®™'2, although these
four studies enrolled different patient populations
(Table 3) and administered different enzyme formula-
tions and doses. None of the studies performed head-
to-head comparisons of different pancreatic enzyme
supplements, although different dosages of the same
pancreatic enzyme supplement were assessed in one
study.'® All studies quantified steatorrhoea by coeffi-
cient of fat absorption (Table 2). No studies assessed
weight gain or weight loss with enzyme supplements.
None of the RCTs included an assessment of the

potency of porcine enzyme (i.e. variation in the quan-
tity of enzyme contained in each capsule) or the sta-
bility/shelf-life of these agents. Study populations
were relatively small (n = 29 and n = 26) in two stud-
ies'> ' of chronic pancreatitis patients. Two studies
used stool markers to demarcate treatment periods and
to facilitate accurate 72-h fecal fat collection measure-
ments.'” ' Three studies'®'* monitored dietary intake
of fat in a controlled setting. All studies'®"'> were ran-
domized, double-blind and had appropriate patient
follow-up (Table 4).

Enzyme supplementation improved fat absorption in
all studies (Table 5) but the values for mean CFA, FFE,
or faecal weight remained abnormal, indicating that
steatorrhoea was not abolished. This occurred indepen-
dently of the degree of pancreatic exocrine insufficiency
and the prandial enzyme lipase dose delivered
(40 000, '* 100 000'° or self-adjusted'' USP uni-
ts/meal), illustrating incomplete responses to non-uni-
therapy. Three studies''™' assessed stool
frequency and stool consistency and two studies'" '
demonstrated significant improvement in these out-
comes with enzyme supplementation. No significant dif-
ferences in adverse events were identified in any study.

form

Results of Individual randomized controlled
trials

Borowitz et al.'® performed a randomized, double-
blind, parallel dose-ranging study to determine the

Table 3. Demographics of
study population

No. of Gender Age
Article Aetiology patients (M/F) (years)
Borowitz et al., 1983'° Cystic fibrosis 129 ITT

117 mITT 71/46

39 Group 1: 28/11 21.3 (8)

41 Group 2: 22/19 22.2 (9.3)

37 Group 3: 21/16 20.9 (8.3)
O’keefe et al., 2001'? Alcohol 29 28/1

15 Active Tx. 49.1 (1.8)

14 Controls 57.8 (2.1)
Safdi et al., 2006" Chronic Panc. 27 9/18

26 Analyzed

12 Tx Group 3/10 51.9 (2.7)

14 Controls 6/8 51 (3.0)
Stern et al., 2000"! Cystic Fibrosis Adults: 36 22/14

18 Tx Group 10/8 23.3 (1.2)

18 Controls 12/6 24.2 (2.1)

Children: 38 18/20

18 Tx group 7/11 12.1 (0.7)

20 controls 11/9 12.8 (0.6)
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most efficacious dose of ALTU-135 (Trizytek, Altus
Pharmaceuticals, Cambridge, MA, USA), a crystallized
and cross-linked formulation of microbial pancreatic
enzymes on CFA in 130 CF patients from one of 26 CF
Foundation-accredited centres. Eligible patients had
severe pancreatic exocrine insufficiency, based on a
low faecal elastase value (<100 mg/g) and successful
collection of >75% of stool samples for determining
CFA. Patients on PPI were stratified. Enzyme dosing-
regimens for lipase were classified as low (5000 USP
units/meal), mid (25 000 USP units/meal) and high
(100 000 USP units/meal) and taken with meals and
snacks. Outpatient enzymes were discontinued upon
admission to an inpatient facility to determine CFA
during a high fat diet faecal balance study using a
blue dye stool marker (FD&C #2) for indicating the
initiation and end of an approximate 72-h faecal fat
collection. Upon discharge, subjects were randomized
to one of three 14-day dosing regimens followed by
completion of a second faecal fat balance study. Pair
wise comparisons revealed that the mid- and highest
dose groups had significantly greater mean CFA and
CNA compared with low-dose groups (Table 4). Sub-
jects with baseline CFA < 40% had a mean increase of
319% in CFA (P < 0.001). Specific data on improvement
in diarrhoea, weight gain and quality of life were not
reported, although quality of life data were collected
using the Cystic Fibrosis Questionnaire-Revised (CFQ-
R). Adverse event reporting was detailed and treatment
arms had no difference in serious adverse events or
laboratory values. Approximately 85% of subjects
reported some gastrointestinal adverse events during
the trial. Four subjects withdrew because of adverse
events; all these adverse events were gastrointestinal
related. Fourteen serious adverse events were reported;
10 were pulmonary related caused by cystic fibrosis
requiring hospitalization. Only one was thought to be
because of the drug and was an intestinal obstruction
and resolved.

O’Keefe et al.'* studied 29 chronic pancreatitis
patients using enteric coated, gastric acid resistant
mini-microspheres containing lipase 10 000 USP
U/capsule, amylase 33 200 USP U/capsule and prote-
ases 37 500 USP U/capsule (Creon 10, Solvay Pharma-
ceuticals, Marietta, GA,USA). Patients had chronic
pancreatitis diagnosed by typical symptoms and radio-
graphic evidence and had severe pancreatic exocrine
insufficiency defined by reduced cholecystokinin-stim-
ulated enzyme secretion or steatorrhoea (>10 g fat/
day). All patients had a fat-balanced diet during the

study’s three phases: a 7-day study to assess malab-
sorption (Phase 1) followed by a 7-day run-in period
on pancreatic enzyme therapy (Phase 2) and then a
randomized, parallel-group 2-week treatment phase
with pancreatic enzymes or placebo (Phase 3). Treat-
ment with enzymes or placebo was four capsules with
meals and two capsules with snacks. The enzyme trea-
ted group (lipase 40 000 USP units/meal) had a greater
mean CFA (80.8% vs. 54.0%; P = 0.002) and lower
FFE (P =0.003) and faecal nitrogen excretion
(P < 0.004). Severity of abdominal pain, abdominal
distention, flatulence, stool frequency and stool con-
sistency were assessed with an unspecified scale but
no numerical data were provided. The treatment arms
had no significant differences in these symptoms,
although stool frequency and stool consistency had a
trend towards improvement in the enzyme treatment
group. In-patients with insulin-dependent diabetes,
one patient developed hyperglycaemic ketoacidosis
after resuming enzymes and two patients experienced
symptomatic  hypoglycaemia after discontinuing
enzyme therapy. The authors cautioned that enzyme
supplementation may disturb glucose control in insu-
lin-dependent diabetes, but provided no other adverse
events data.

Safdi et al."® conducted a multi-centre, randomized,
placebo-controlled trial examining the effect of Creon
10 (Solvay Pharmaceutical), which are enteric-coated,
delayed release, mini-microsphere pancrelipase cap-
sules (lipase 10 000 USP, amylase 33 200 USP, prote-
ase 37 500 USP) on steatorrhoea and symptom scores
in 27 patients with chronic pancreatitis. The authors
did not specify criteria for diagnosing chronic
pancreatitis, but eligibility for enrolment required
a = 12-month history of severe pancreatic exocrine
insufficiency, prior enzyme supplementation of >6-
months with satisfactory symptom control and a mean
CFA < 80% or faecal fat values >10 g/day during the
two-week run-in phase (when all patients received pla-
cebo). During the run-in and treatment phases, all
patients had a diet of 2100 g fat daily for 6 days and
had stool samples collected during the last 72-h of this
period. Only 27 of 64 patients met enrollment criteria
for the 2-week, double-blind treatment phase, when
they took four capsules with meals and two with
snacks. Enzyme treated patients had greater mean CFA
(86.6% vs. 68.0%; P =0.0185) and significantly
reduced FFE. Stool frequency and stool consistency
were quantified by the patient and global symptom
improvement was assessed by both the physician and
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the patient. The enzyme treatment group had reduced
stool frequency, improved stool consistency and
greater physician-assessed global symptom improve-
ment. Adverse event reporting was detailed and there
were no serious adverse events, no patient withdrawals
from the trial because of adverse events and no differ-
ences in abnormal lab values between the treatment
and placebo groups.

Stern et al.'' studied the effect of Creon 20 (Solvay
Pharmaceutical) which are enteric-coated, delayed
release, mini-microsphere pancrelipase capsules (lipase
20 000 USP, amylase 66 400 USP, protease 75 000
USP) on fat absorption in 38 paediatric and 36 adult
CF patients with steatorrhoea. Eligible patients had CF
diagnosed by sweat chloride testing and clinical symp-
toms of steatorrhoea and had a mean CFA < 80% or
faecal fat values >10 g/day. During the open-label
phase of the study, all patients self-adjusted the dose
of enzymes to optimize digestion while maintaining a
high-fat (100 g/day) diet. During the double-blind
treatment phase, patients received the same diet with
5-7 days of the self-adjusted dose of enzyme supple-
ment or placebo. Enzyme treatment increased mean
CFA in adult (87.2% vs. 50.9%; P < 0.001) and paedi-
atric (84.1% vs. 52.2%; P < 0.001) patients. Stool fre-
quency and stool consistency were quantified by the
patient and global symptom improvement was
assessed by the physician. The enzyme treatment
group had reduced stool frequency, improved stool
consistency and greater physician-assessed global
symptom improvement. Adverse event reporting was
detailed and there were fewer treatment-emergent
adverse events in the enzyme treatment arm, no GI
serious adverse events and one patient withdrawal
from the trial because of GI adverse events and no dif-
ferences in abnormal lab values between groups.

DISCUSSION

We have shown in our systematic review of RCTs that
only four studies met stringent inclusion criteria for
analysis. None of the studies performed head-to-head
comparisons of different enzyme supplements. A sys-
tematic detailed review of the studies revealed impor-
tant differences in patient population, study endpoint,
study design, pancreatic enzyme dosage and measure-
ment of CFA across trials which precluded comparison
of different pancreas enzyme agents. Overall, enzyme
supplementation improves CFA compared to placebo,
but may not completely abolish steatorrhoea.
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The FDA has noted variability in composition, enzy-
matic activities, formulation, stability and bioavailabil-
ity of available pancreatic enzyme supplements and
stated that these differences have led to highly vari-
able pancreatic enzyme preparation quality and thera-
peutic performances.' Therefore, the FDA determined
that published data about pancreatic enzyme supple-
ments were insufficient, new randomized controlled
trial (RCT) data would need to be submitted as part of
NDAs for any marketed pancreatic enzyme supple-
ments and new data would need to demonstrate the
efficacy and safety of these agents, consistency in
manufacturing and stability/shelf-life of these agents.
Therefore, we performed a systematic review to vali-
date the FDA’s conclusion that published data about
pancreatic enzyme supplements were insufficient.
Through this review, we also sought to determine the
strengths and limitations of study design and results
from published parallel-design RCTs, identify gaps in
the current literature, outline the design of additional
studies which would clarify optimal therapy and pro-
vide an up-to-date review of the existing parallel-
design RCT literature prior to publication of new RCTs
required by the FDA.

Our systematic review found that only four well-
designed, parallel-group, placebo-controlled RCTs have
been published. In these trials, enzyme supplementa-
tion improves coefficient of fat malabsorption (CFA)
compared to placebo, but fat malabsorption remained
despite enzyme supplementation, indicating that stea-
torrhoea was not abolished. Stool frequency and stool
consistency improved with enzyme supplementation,
but no studies assessed the impact of enzyme supple-
mentation on weight gain because the trials were too
brief. No significant differences in adverse events were
identified between placebo-treated groups and
enzyme-treated groups, but the size of these four RCTs
(n = 246 total patients) limit conclusions about the
safety and tolerability of these agents. No studies per-
formed a head-to-head comparison of different pan-
creatic enzyme supplements and the available studies
had important differences in study design. Therefore,
direct comparisons about the efficacy and safety of
different agents cannot be performed. Overall, insuffi-
cient data are available to determine optimal treatment
to maximize fat absorption, improve symptoms or
minimize adverse events. Considering that these sup-
plements are a cornerstone of treatment for patients
with chronic pancreatitis and steatorrhoea, it is sur-
prising that so little published RCT data support their
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safety and efficacy and the FDA’s conclusion that pub-
lished data are insufficient appears to be appropriate.

Our review allowed us to identify methodological
issues which may complicate the study of pancreatic
enzyme supplementation. First, diagnosis of pancreatic
exocrine insufficiency in chronic pancreatitis patients
is challenging because there are no universally
accepted diagnostic criteria and patients typically do
not develop severe exocrine pancreatic insufficiency
for years after diagnosis of alcohol-induced chronic
pancreatitis: 8-220% at time of diagnosis, 44-48% after
13-26 years and 91-100% after 14-36 years.” ® This
is a crucial issue because many patients labelled with
pancreatic exocrine insufficiency caused by alcohol-
induced chronic pancreatitis and treated with supple-
ments may not actually have steatorrhoea. In the
study by Safdi et al.,'* all 64 patients who entered the
run-in phase had previously received supplements for
pancreatic insufficiency, but only 27 had fat mal-
absorption after careful testing. This illustrates the
importance of using 72-hfaecal fat collection as an
inclusion criterion in future trials to confirm steator-
rhoea. Conversely, CF patients are probably a more
homogenous population because diagnostic criteria are
clearly defined and 80% of patients have severe pan-
creatic exocrine insufficiency at birth. Second, the
technique for performing 72-hfaecal fat collections
may vary considerably and quantification of steator-
rhoea may be altered by differences in stool collection
and the quantity of fat in diets. One possible solution,
albeit costly, would be to admit patients to general
clinical research centres (GCRC) where dietary fat
intake can be controlled and the timing of the faecal
fat collection during monitored dietary fat intake can
be confirmed by using a stool dye marker (e.g. FD&C,
Blue #2). Third, most RCTs of pancreatic enzyme sup-
plementation are only 14 days long, which is not ade-
quate time to assess the impact of supplements on
weight gain. These trials may also be too brief to
assess fully the safety and tolerability of these supple-
ments, although long-term, open-label safety trials
would also meet this need. Finally, there are no head-
to-head comparisons of different enzyme supplements
and because of important differences in study design,
it is not appropriate to compare CFAs of different sup-
plements across studies. Given these limitations, it is
difficult to identify the optimal agent/dose of pancre-
atic enzyme supplementation.

To identify the optimal agent/dose of pancreatic
enzyme supplements, pancreatic enzymes should

contain a stable and quantifiable dose of pancreatic
enzyme. This has been recommended in the FDAs
guidance,’ but none of the trials in our systematic
review specifically assessed the quantity or stability of
porcine pancreatic enzyme in study capsules. Produc-
ing capsules with a stable and quantifiable dose of
porcine pancreatic enzyme may be quite important for
paediatric cystic fibrosis patients, who commonly
receive individualized dosing of pancreatic enzyme
supplements. With growth failure, paediatricians may
prescribe dosages of pancreatic enzyme supplements
that are higher than recommended (>10 000 units of
lipase per kilogram) and higher doses of pancreatic
enzyme are associated with a 10-fold increase in the
risk of fibrosing colonopathy, which frequently
requires colectomy.'* This issue could be minimized if
the quantity and stability of porcine enzyme supple-
ment in capsules were standardized. Unfortunately, the
FDA Guidance emphasized that the dosage and stabil-
ity of porcine pancreatic enzymes vary considerably.’
Furthermore, ‘since high doses of pancreatic enzymes
have been associated with safety problems, the fin-
ished product should be formulated to 100 percent of
the label-claimed lipase enzyme activity’.' In contrast
to this recommendation, past manufacturing practices
have allowed ‘averages’ where 65% more enzyme is
provided in a capsule than is described on a label to
extend the shelf-life of porcine pancreatic enzyme
supplements. This mismatch between enzyme package
label and actual quantities of active porcine enzyme
presents an additional challenge to individualizing
therapy. Given these issues, the FDA Guidance states
that ‘because of the inherent lability that has been
observed in pancreatic enzyme preparations, stability
data through 12 months at recommended storage tem-
perature...should be provided’ and also recommends
verification of the labelled quantity of porcine enzyme
in capsules. Again, no RCTs in our review studied
these issues, although future RCTs should study these
issues as secondary endpoints in their RCTs and seek
to determine if these variations impact efficacy and
safety of supplements.

This review is limited by several factors. First,
because there are minimal published data, our conclu-
sions about the efficacy of pancreatic enzyme supple-
ments for fat malabsorption are limited. Second, we
do not have access to the results of on-going RCTs of
different enzyme supplements. These RCTs will provide
the foundation for NDA submissions to the FDA to
gain marketing approval. Nevertheless, we think that it
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is important to review systematically the current RCT
data about these treatments because it will serve as a
foundation to assess the study design, efficacy and
safety of on-going RCTs. Third, we excluded random-
ized cross-over studies from our review. This is almost
certainly the most controversial aspect of our system-
atic review. The use of randomized cross-over studies
is problematic because important intra-subject vari-
ability has been demonstrated during test-retest studies
in the same patients, although this study was quite
small and may not have used an adequate wash-out
period.'”> However, it could be argued that it is unclear
if intra-subject variability of pancreatic exocrine func-
tion is greater than inter-subject variability and that
cross-over studies provide helpful data. Nevertheless,
the use of cross-over studies was strongly discouraged
in the FDA’s ‘Guidance for Industry Exocrine Pancre-
atic Insufficiency Drug Products-Submitting NDAs’'
stating if cross-over studies are used that ‘patients
should first be stabilized on existing therapy to estab-
lish baseline conditions... if baseline conditions are
not re-established between treatment periods [in a
cross-over study] or if treatment in one period carries
over into the subsequent period, the results likely will
not be interpretable’. Proper establishment of baseline
conditions would probably require standardized quan-
tification of steatorrhoea with use of dye markers (e.g.
FDE&C, Blue #2) to identify the beginning and the end
of the 72-h stool collection and monitored dietary fat
intake during and in-between treatment phases. A vast
majority of randomized cross-over studies do not meet
these criteria and would not be acceptable for inclu-
sion in NDA submissions to the FDA. Therefore, we
feel justified in excluding cross-over studies from the
current systematic review, although it may be appro-
priate to perform a separate systematic review of
cross-over trials in the future to assess fully all ran-
domized trial data of pancreatic enzyme supplements.

In conclusion, our systematic review indicates that
only four well-designed, parallel-group, placebo-con-
trolled RCTs have been published about the efficacy
and safety of pancreatic enzyme supplementation in
chronic pancreatitis patients with steatorrhoea. The
published trials demonstrate that enzyme supplemen-
tation improves CFA compared to placebo, but fat
malaborption is still present after enzyme supplemen-
tation. Stool frequency and consistency also improve
with supplementation, but no data on weight gain/
loss are provided and minimal data on adverse
events are available. None of these trials provides
data about stability of porcine enzyme preparations
over 12 months, bioavailability or batch-to-batch
consistency in quantity of enzyme supplement per
capsule, which may also impact the efficacy and
safety of the supplements. Important differences in
patient population, pancreatic enzyme dosage and
quantification of steatorrhoea were present across tri-
als and no head-to-head trials of different enzyme
supplements have been performed. Therefore, direct
comparisons about the efficacy of different agents
cannot be performed and insufficient data are
available to determine optimal pancreatic enzyme
supplementation.
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