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ABSTRACT

Exocrine pancreatic insufficiency (EPI) is frequently described as underscreened, underdiagnosed, and
undertreated. The treatment for EPI is pancreatic enzyme replacement therapy (PERT), which is costly,
and provider confidence in prescribing may be one barrier to reducing undertreatment. The lack of
interchangeability studies for prescription PERT and/or lack of efficacy studies of over-the-counter enzyme
options may be another barrier. This paper reviewed the prevalence of EPI in the general population and in
co-conditions. Prevalence of EPI in the general population is commonly estimated around 10-20%, and further
research is needed to evaluate EPI across all age groups and to better understand in which age group EPI
becomes more prevalent, as an age effect is often seen in EPI prevalence studies. EPI is perceived to be highly
correlated with certain co-conditions, and the majority (~65%) of EPI literature is related to a co-condition
such as cystic fibrosis, pancreatitis, post-surgery, cancer, or diabetes. It can be estimated that 85% of literature
in identified co-conditions, or 56% of total EPI literature, is on rarer co-conditions which only represent <1%
of EPI overall. In contrast, there is very little research and literature on EPI in the general population. The
highest absolute rates of EPI with co-conditions are likely diabetes and possibly irritable bowel syndrome
with diarrhea, yet they are among the least commonly researched in co-condition and EPI studies. A lack of
research on EPI in the general population and in the more common co-conditions may be contributing to the
rates of underdiagnosis and underscreening, as well as undertreatment for those with low fecal elastase-1 levels.

Key words: exocrine pancreatic insufficiency — EPI — PEI — pancreatic enzyme replacement therapy — PERT
— prevalence — cost.

Abbreviations: EPI: exocrine pancreatic insufficiency; FE-1: fecal elastase-1; IBS: irritable bowel syndrome;
IBS-D: IBS diarrhea type; PERT: pancreatic enzyme replacement therapy.

INTRODUCTION

Exocrine pancreatic insuffici-
ency (EPI or PEI) occurs when
the pancreas no longer makes
enough enzymes to help the
body digest food on its own,
which can be treated with
pancreatic enzyme replacement
therapy (PERT) [1]. Previous
literature suggests that EPI is
underdiagnosed, underscreened,
and undertreated [2-5].

This article studied the EPI-
related literature, particularly
evaluating evidence related to

underdiagnosis, undertreatment, cost of associated therapy,
and general population prevalence of EPI.

A literature review was conducted, in Google Scholar
for the search string: ,Exocrine Pancreatic Insufficiency”
OR ,Pancreatic Exocrine Insufficiency” OR ,Pancreatic
Insufficiency” OR ,,Pancreatic Enzyme Replacement Therapy”
The search strategy was to identify EPI-specific articles
(including EPI treatment with PERT). Titles were manually
screened and categorized based on topic (animal, if it was an
animal study; by co-condition if it was cystic fibrosis, diabetes,
pancreatitis, surgery, cancer, or other; and otherwise, if it was
treatment or diagnosis in general). Animal-related studies
were then filtered out, leaving 649 articles (Fig. 1). Another
content sub-analysis was done to review content of articles
assessing prevalence in the general population and screening
recommendations.
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Fig. 1. PRISMA diagram illustrating search strategy, article categorization and review.

EPI IS UNDERDIAGNOSED

Exocrine pancreatic insufficiency is diagnosed based on a
combination of symptoms; possible indicators of malnutrition;
and a non-invasive stool test [1]. The clinical manifestations
can be nonspecific, which may lead to the lack of timely
recognition and diagnosis [6], and quality of life impacts can
be significant [7]. The historical gold standard test for EPI has
been a 72-hour fecal fat quantification test but is disliked by
patients and laboratories; instead, fecal elastase-1 (FE-1) is a
reliable, non-invasive and less time-consuming test [8]. For
patients with known risk factors such as highly correlated co-
conditions, the non-invasive tests are sufficient for diagnosis
[9]. EPI is correlated with chronic and acute pancreatitis,
pancreas surgery, cystic fibrosis, type 1 and type 2 diabetes,
older age, advanced renal disease, Sjogren’s disease, celiac,
IBS-D, IBD, HIV, alcohol-related liver disease, and use of
somatostatin analogues among others [10, 11].

A 2019 study used machine learning and found that the
number of patients likely to have EPI was about 12 times the
number of patients directly identified as EPI-positive through
a claims analysis in the study population (age <64) [12].

Developing additional non-invasive tests or screening
for EPI is usually highlighted as an ongoing research need,
particularly since symptoms of EPI are often non-specific [13].

EPI IS UNDERTREATED

As early as 1959, it was apparent that the timing and
quantity (dose size) of pancreatic enzyme replacement therapy
(PERT) matters for the treatment of EPI [14]. In 2005, the
timing schedule between before, during, and after meal dosing
of PERT was evaluated, assessing that enzymes distributed
throughout or immediately following meals resulted in 7.5%
and 6.6% improvements in fat digestion respectively [15].
A 2014 study subsequently found a mismatch between the
timing of the emptying of the meal and the enzyme activity,
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suggesting that timing optimization, such as mixed dosing
before and during a meal, may be beneficial alongside dose
sizing optimization for improving therapy outcomes. A 2021
systematic review concluded the sphere size in approved,
enteric-coated PERT is not essential for dose eflicacy, but
rather the lipase content (dose sizing) and acid protection [16].

Petersen et al. [16] report that the needs of people with
EPI vary based on factors including meal composition. Dose
sizing, timing, acid protection, or individual meal composition
may cause unsuccessful outcomes with the initial PER
prescription, and titration is often needed. Clinicians may
not be initiating PERT treatment for patients whose FE-1
levels and symptoms meet diagnostic criteria. When PERT
is prescribed, prescriptions are often not updated to titrate
enzymes. Shandro et al. [17] recommend against restricting
dietary fat intake, and instead individualizing PERT dosing
according to size and fat content of each meal rather than
prescribing a fixed dose regimen. Only one randomized trial
has compared the efficacy of a fixed dose regimen versus the
typical real-world practice of individualized self-titration [18],
concluding efficacy is higher when enzymes are self-dosed by
patients in a flexible manner [19].

Variability has always been high between enzyme
production runs, from 1975 [20] until a 2004 review by the FDA
found inconsistencies that could “significantly compromise the
safety and effectiveness” [21]. Pancreatic enzyme replacement
therapy requires FDA approval since 2010: as of 2012 in the US
there are 6 brands of FDA-approved PERT [22]. The clinical
studies for approval did not evaluate comparative efficacy, so
therapeutic interchangeability between approved products is
unclear [23]. Studies in Europe in 2009 [24] have also found
variation between brands, and in Russia as recently as 2020
[25] variation was found within different production runs
or batches within an in vitro study evaluating lipase activity.

Variation and inability to accurately rely on dose quantities
reported on the label is one of the criticisms of over-the-counter
formulations of “digestive enzymes” that are frequently used
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by people with EPI and/or other digestive complaints, for
which clinical trials and formulation research are lacking
[26]. Ironically, similar variability exists in production runs
with approved PERT products. Research is needed evaluating
activity, variability, and efficacy of both common over-the-
counter and prescription enzymes in people with EPL

Systematic reviews evaluating evidence for treatment of EPI
[9,27] are usually for co-conditions such as cystic fibrosis [28]
or pancreatitis [29, 30], and usually do not consider titration
or timing when reviewing efficacy of PERT. Most report
improvements in fat absorption, quality of life, and symptom
reduction following PERT [31]. A 2017 meta-analysis evaluated
efficacy and safety of PERT in adults with EPI regardless of
related etiology from 7 RCTs with 282 patients and confirmed
PERT is safe, effective, and tolerable in people with EPI
regardless of co-condition [32].

In many cases, treatment inadequacy can be due to
inadequate prescription, mismatched dose timing, or inability
to afford PERT [33]. Many providers are still uncertain about
the indications for prescribing and effective dosage [34].
Variabilities within brands may cause people with EPI to
struggle; providers should suggest switching to an alternative
if symptoms do not resolve once titration and timing is
addressed [35]. A 2021 study found that a third of people
with EPI surveyed (n=75) perceived gaps in patient-physician
dialogue regarding PERT [36]. Future research should address
healthcare provider awareness barriers to exploring different
PERT options for people with EPI, support increasing
provider confidence [37] in individualizing and titrating PERT
prescriptions and educate providers [38] regarding meal-based
PERT titration [19].

TREATMENT COSTS

Cost may play a role in PERT prescribing and treatment
patterns. A 2012 economic analysis of PERT costs for those with
EPI (related to chronic pancreatitis) in Poland found PERT to
be cost effective for the health system [39]. Because this study
solely looked at PERT costs, it may also be applicable to people
with EPI without chronic pancreatitis. In 2021, Gupta et al.
[40] found total 30-day costs for PERT under Medicare Part D
ranged from $2,109-$4,840, with out-of-pocket costs starting
around $1,000 ($853-$1536) for deductible and coinsurance,
another $673 ($527-$120) until people met “catastrophic
coverage’, and $135 ($105-$242) after reaching catastrophic
coverage. Gardner et al. [23] showed PERT prescription costs
had risen from $259 in 2008 to $582 in 2012. This rise in cost
comes absent any research studies on interchangeability of
PERT products [41], another gap in EPI-related research.

A non-peer-reviewed analysis in 2022 evaluated prescription
PERT cost and found a per-pill price of $9 (~$0.36 per 1000
units of lipase), and that over-the-counter enzymes can be as
low as $0.08 per 1000 units of lipase, but noted that quality
and consistency may vary [42]. Another non-peer-reviewed
analysis in 2022 estimated yearly cost of PERT in the US could
range from $18,000 (6 pills daily, $8.34/pill) to $24,000 (8 pills
daily, $8.34/pill) if one were to be uninsured; actual price will
vary for those with insurance coverage, but a year’s worth of
PERT alone is likely to reach the deductible or out-of-pocket

max cost of many employer-provided health insurance plans in
the US [43]. The yearly cost of PERT has increased compared to
Trangetal’s [44] 2014 per-pill cost estimates, which extrapolate
to ~$12,000-$17,000 per year.

In 2015, a study found no statistically significant difference
in annual cost of PERT ($6881,63 + 2334,04) in those with
EPI with and without pancreatitis following a pancreatectomy
[45]. Despite the high cost of PERT, studies of EPI in patients
following surgery show that using PERT lowers total costs.
A study in 2018 of 819 people with pancreatic cancer who
received PERT following surgery suggested that overall
healthcare resource use, medical costs, and total costs were
lower in those who received PERT [46].

Providers should be aware of the burden of costs of
approved PERT products for people with EPI, especially in
those already burdened with the high costs of treatments for
other co-conditions [43, 47, 48].

PREVALENCE RATES

The literature review search, after excluding animals,
resulted in 649 articles then categorized by topics of: cystic
fibrosis, pancreatitis, diabetes, cancer, celiac disease, surgery,
and other, based on the most common and frequently
associated co-conditions previously observed in the literature.

Overall, of studies whose study population could be
identified through title and abstract review: 365 were EPI
studies in rare co-conditions (117 cystic fibrosis, 79 acute and
chronic pancreatitis, 66 other rare co-conditions, 61 surgery,
42 pancreatic cancer). In contrast, 58 were EPI studies in more
common co-conditions (45 diabetes all types, 13 celiac disease,
and 5 were found which specifically study the prevalence of
EPI in the general population. Out of those 428 (365 rare, 58
not rare, and 5 general population) population-identifiable
studies, that is therefore 85% (365/428) of EPI research in the
more rare co-conditions (cystic fibrosis, pancreatitis, other
rare co-conditions, surgery, cancer), whereas 14% (58/428)
are in the more common co-conditions (diabetes, celiac), and
1% (5/428) studying the general. Out of the total of all studies,
including those on treatment or diagnosis (n=649 total), 56%
were therefore on EPI in rare co-conditions (365/649), 9% in
EPI with the common co-conditions (58/649), while 21% were
of general EPI treatment articles (135/649), and 14% were on
general EPI diagnosis (91/649). It can be estimated that 85%
of literature in identified co-conditions, or 56% of total EPI
literature, is on rarer co-conditions which only represent <1%
of EPI overall.

There are many estimates of the prevalence of EPI in
related co-conditions. For example, Capurso et al. [49] 2019
review summarized prevalence estimates of 30-90% in chronic
pancreatitis, 15-20% in mild acute pancreatitis versus 30-40% in
severe acute pancreatitis, 30-60% in autoimmune pancreatitis,
20-60% in unresectable pancreatic cancer, 80-90% after
pancreatic duodenectomy, 20-50% after distal pancreatectomy;
30-60% in benign pancreatic tumors before surgery, 80-90% in
cystic fibrosis, 80-90% in Shwachman-Diamond syndrome, 20-
30% in type 2 diabetes mellitus and 30-50% in type 1 diabetes
mellitus, 4% in Crohn’s disease and 10% in ulcerative colitis
(collectively inflammatory bowel disease or IBD), 5-80% in
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celiac disease, 10% in pediatric intestinal transplantation, 10-
50% in HIV, 16% following esophagectomy, 40-80% after total/
subtotal gastrectomy, 10-30% in Sjogren’s disease, 15-30% in
people age > 80 years, 10-20% in tobacco users and 20% in
patients receiving somatostatin analog therapy.

Capurso et al. [49] and many others suggest that the
prevalence of EPI in the general population is unknown. Yet,
there is research that has assessed prevalence in the general
population, as described below and summarized in Table I.

Campbell et al. [50] performed a multicenter retrospective
analysis of all gastroenterology patients tested for FE-1
between 2009-2013 and found that of 1,821 patients, 13.1%
had low FE-1 (<200pg/g), concluding that EPI is common in
gastroenterology practice and that clinicians should have a
low threshold for checking FE-1 in patients presenting with
symptoms other than diarrhea. In this study patients with
existing pancreatic diagnoses such as pancreatitis or cancer
were excluded from the study, aligning this population more
closely with the general population. Campbell also encourages
testing of patients presenting with a variety of gastrointestinal
symptoms to avoid missing diagnoses and potentially labeling
patients with functional gut disorders [51]. Similar work found
15.4% prevalence even in primary care, which is similar to the
above rates found in secondary care [52].

An earlier 2004 study assessed 914 participants aged 50-
75 years old (mean age 61.9) from the general population and
found 11.5% (n=105) had low FE-1 (<200pg/g) and 47 (5.1%)
had levels <100ug/g [53].

A 2011 study evaluated 159 people aged 60-92 in
Poland and Finland, without any special diet, known
gastrointestinal disease, surgery, or diabetes mellitus;
53 young subjects (20-28 years old) were investigated as
controls [54]. They reported the FE-1 concentrations were
below the cut off level of 200 pg/g in 23 of 106 (21.7%)
individuals [mean 112 (86-138) pg/g] and 9 individuals
were below <100ug/g [54]. They concluded one fifth of
healthy older individuals without any gastrointestinal
disorder, surgery or diabetes mellitus have pancreatic
exocrine insufficiency [54].

Collectively, these prevalence studies in the general
population in both primary and secondary care suggest
prevalence of EPI in the range of 11-21% of people without
co-conditions (such as pancreatitis, other gastrointestinal
disorders, or diabetes). A 2000 study found 19 of 105
individuals (18%, mean age 58 years, range 22-80 years) in a
control group (as compared to an n=114 group of people with
diabetes, where rates was 66%) had rates of low FE-1 <200 pg/g,
further supporting this estimate [55].

Table I. Overview of exocrine pancreatic insufficiency prevalence studies in the general population

Author Year Study details Population size Prevalence Notes
(%)

Campbell etal. [50] 2016 Retrospective analysis evaluating 1,821 tested in two 13.1 Suggests GI practices and clinicians should
FE-1 between 2009 and 2013 in GI  gastrointestinal have a low threshold for checking FE-1 for
clinic, excluding those with chronic  clinics, age 16-93. people presenting with symptoms other
pancreatitis, pancreatic malignancy than diarrhea.
or previously diagnosed EPI

Campbell etal. [52] 2015 Retrospective analysis evaluating 168 primary care 20.2 Common indications to test were diarrhea
FE-1 between 2009 and 2013 in patients, mean age (60%), weight loss (14.9%) and abdominal
primary care clinics, excluding 59.74 pain (13.1%). Of the 34 with low FE-1,
FE-1 tests from secondary care 76.5% (26/34) had documented PERT, of

which 80.7% (21/26) reported symptom
Also evaluated secondary care 1,887 secondary care  14.4 improvement; 7.7% reported no benefit
patients patients, mean age and 11.5% were unable to tell.
51.60

Rothenbacher et 2004 Evaluate FE-1 in general 914 11.5 Found increase with age.

al. [53] population 50-75 years (mean 61.9)

Suggested smoking as an independent risk
factor.

Herzig et al. [54] 2011 Evaluate FE-1 levels in adults > 106 21.7 Found FE-1 correlates negatively with age.
60 years in Finland and Poland 53 persons were young (20-28 years)
without any special diet, known (controls) Did not report prevalence in
gastrointestinal disease, surgery, or control group or data; visual inspection
diabetes mellitus suggests only one of the n=53 controls had

FE-1 <200.
Hardt et al. [55] 2000 Evaluating FE-1 in control group 105 18% This study compared a control group to

(22-80 years, mean age 58), without
diabetes, n=105, as compared to
people with diabetes (n=114)

people with diabetes; there was an even
higher (66% of n=114) prevalence rate in
the population of people with diabetes.
The difference between the control
group (prevalence 18%) and diabetes
group was statistically different for both
type 1 and type 2 diabetes sub-groups.
This study, in contrast to others, did

not see significant influence by alcohol
consumption in either group.

EPI: exocrine pancreatic insufficiency; FE-1: fecal elastase-1; PERT: pancreatic enzyme replacement therapy.
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Additional studies should be done in the general population
in all age brackets; and in the meantime; gastroenterologists
should be aware of these data and screen patients with
gastrointestinal symptoms for FE-1.

A relatively high prevalence of EPI in subpopulations
with co-conditions was observed, but contrasts with the
likelihood of far higher absolute prevalence of EPI in the
general population, as the only co-conditions listed above with
>1% prevalence and elevated incidence of EPI in the general
population are diabetes (10.5%) [56], and possibly celiac (1.4%)
[57], whereas the others (Table II) are far less common (<1%
prevalence) than EPI itself in the general population.

Table II. General population prevalence of commonly researched
populations with exocrine pancreatic insufficiency

EPI Co-Condition

Estimated General Population Prevalence

Diabetes 10.5% [56]
Celiac 1.4% [57]

Cystic Fibrosis 0.04% [58]
Pancreatitis 0.04% [59]
Pancreatic Cancer 0.005% [60]

EPI: exocrine pancreatic insufficiency.

The initial review categorization did not highlight many
articles on EPI and irritable bowel syndrome (IBS); the few
articles fell into the “Other” category. However, IBS has an
estimated 7.6-10.8% world prevalence [61]. Irritable bowel
syndrome diarrhea type has a relatively high (second highest
following diabetes, as seen in Table II) general population
prevalence compared to the more-studied co-conditions of
EPI described previously. A 2022 study found 5% of people
with IBS-D also had EPI [62], which supports a 6.1% estimate
from a 2010 study [63].

Although prevalence of EPI detected in this group may
be relatively lower (~6%) compared to other co-conditions,
the absolute prevalence estimated in the general population
of IBS-D with EPI (0.04% ) is likely to be higher than in any
other co-conditions except diabetes and celiac. Even using the
low end of the 7.6-10.8% general population prevalence rate

Table III. Summary of knowledge gaps in current EPI literature

of IBS-D times the low end of the 5-6% relative prevalence of
EPI in IBS-D gives 0.04%, matching the overall prevalence in
the general population of cystic fibrosis and pancreatitis, and
far exceeding the overall prevalence of pancreatic cancer.

The overall population prevalence of cystic fibrosis,
pancreatitis, cancer, and pancreatic-related surgery combined
totals <0.1%, and the lower end of the estimated overall
population prevalence of EPI is approximately 10%, which
suggests less than 1% of the overall incidence of EPI occurs in
such rare co-conditions.

We can therefore conclude that 99% of EPI occurs in
those without a rare co-condition. In this analysis, we observe
that little research on EPI occurs in those 99% of people
with EPI (many of whom are undiagnosed). Specifically, we
conclude that 56% of the total EPI research, and likely over
85% of research in easily identifiable populations, occurs in
the relatively rare co-conditions (cystic fibrosis, pancreatitis,
surgery, or cancer) that represent less than 1% of the overall
population prevalence of EPL

This suggests that there is more research that needs to be
done in the general population and on EPI more broadly, without
limiting the studies and findings to the rarer co-conditions
which make up a minute fraction of EPI prevalence overall.

EPI SCREENING IN THE FUTURE

Prevalence of EPI is likely higher than many gastroentero-
logists might suspect, even among the general population.
There are clear associations with co-conditions such as diabetes,
pancreatitis, and other conditions, but there is also evidence of
high rates of EPI prevalence in the general population, which
further increase with age. The rate of EPI is even higher than
most of the associated co-conditions.

The biggest knowledge gap in the surveyed literature is
the estimated prevalence in the general population younger
than 50 years old without associated co-conditions. That
shouldn’t limit screening in symptomatic individuals; however,
as undiagnosed EPI is associated with substantial morbidity
[64]. Additional research gaps highlighted in this article are
summarized in Table ITI. Multiple studies [51, 65] have shown
80% of people with low FE-1 respond clinically and quickly

= Pancreatic enzyme replacement therapy titration guidelines usually vary by associated co-condition; it remains to be studied whether
general guidelines for people with EPI, regardless of co-condition, might be more useful. It is often unclear what evidence was used
to determine different co-condition specific guidelines for PERT dosing in EPI, making it difficult to evaluate whether differences
between guidelines reflect actual differences in medication requirements.

= Early 2010 era data suggests that even following the move to require regulatory approval for PERT products (in the US as an
example), ongoing challenges with quality and consistency among brand production runs may be a factor in PERT efficacy. More
research evaluating consistency is warranted, and updated guidelines to aid patients in accounting for inconsistencies is needed,
including studies on use of over-the-counter options, which have a tradeoff between possible lower cost but higher pill burden and

variation in reliability.

= There is an estimated general population prevalence of EPI of 10-20%. However, most research is on rare co-conditions (such as
cystic fibrosis and pancreatitis) that represent <1% of EPI overall. More research on EPI is needed without limiting it to co-conditions.
This would magnify the impact of research as it would then be applicable to >99% of the EPI population.

= There is a lack of research on age groups younger than 50 years of age in terms of general population prevalence.

= Even when diagnosed, evidence suggests EPI is frequently undertreated. However, studies show that >80% of people with low FE-1
show symptom improvement or resolution with PERT. Clinicians should be willing to suggest PERT treatment for a trial period for
individuals who have symptoms and have FE-1 <200 and evaluate response after adjusting titration and timing strategies.

For abbreviations see Table I
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to PERT, and the other 20% may also respond positively with
additional dose adjustments, as people often need to titrate
their dosing after the initial prescription. Repeat FE-1 testing
can also be performed if there is diagnostic doubt, or PERT
can be commenced to confirm symptom resolution in lieu of
repeat FE-1 screening or while waiting for the second FE-1
screening. Pancreatic enzyme replacement therapy can be
used leading up to the FE-1 screening (because fecal elastase
is solely produced endogenously and is not present in PERT
formulations), which is one of the benefits of using FE-1 rather
than the historical 72-hour fecal fat test for assessing exocrine
pancreatic insufficiency [66].

CONCLUSIONS

Most EPI literature is in co-conditions such as cystic
fibrosis and pancreatitis, and knowledge gaps exist regarding
prevalence rates in the general population across all ages.
The prevalence of EPI in the general population is under-
recognized by gastroenterologists and other healthcare
providers and may be as high as 10-20%, which may influence
underscreening and underdiagnosis of EPL. Research on EPI is
mismatched: 56-85% of research focuses on populations likely
making up <1% of the total estimated EPI population. EPI is
likely of higher estimated prevalence in the general population
than most co-conditions studied in conjunction with EPI,
except possibly diabetes. Gastroenterologists should increase
screening of fecal elastase in patients with abdominal pain or
steatorrhea. Further research on EPI in the general population
and improving screening, diagnosis, and treatment is needed.

Supplementary material: To access the supplementary material visit
the online version of the J Gastrointestin Liver Dis at http://dx.doi.
org/10.15403/jgld-5005

Conlflicts of interest: None to declare.

Acknowledgements: Thanks to Arsalan Shahid, PhD, MBA, and
Scott Leibrand for their review and critical analysis of early drafts of
this manuscript.

REFERENCES

1. Diéguez-Castillo C, Jiménez-Luna C, Prados ], Martin-Ruiz JL, Caba O.
State of the art in exocrine pancreatic insufficiency. Medicina (Kaunas)
2020556:523. doi:10.3390/medicina56100523

2. Srivoleti P, Dolan RD, Yang AL, Jin DX, Banks PA, McNabb-Baltar
J. Provider Differences in Monitoring and Management of Exocrine
Pancreatic Insufficiency in Chronic Pancreatitis. Pancreas 2022;51:25-
27. doi:10.1097/MPA.0000000000001967

3. Khan M, Rutkowski W, Vujasinovic M, Lohr JM. Adherence to european
guidelines for treatment and management of pancreatic exocrine
insufficiency in chronic pancreatitis patients. ] Clin Med 2021;10:2737.
doi:10.3390/jcm10122737

4. Dominguez-Munoz JE. Diagnosis and treatment of pancreatic exocrine
insufficiency. Curr Opin Gastroenterol 2018;34:349-354. doi:10.1097/
MOG.0000000000000459

] Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 123-130

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sikkens ECM, Cahen DL, van Eijck C, Kuipers EJ, Bruno M]J. Patients
with exocrine insufficiency due to chronic pancreatitis are undertreated:
A Dutch national survey. Pancreatology 2012;12:71-73. doi:10.1016/j.
pan.2011.12.010

Perbtani Y, Forsmark CE. Update on the diagnosis and management
of exocrine pancreatic insufficiency. F1000Res 2019;8:F1000 Faculty
Rev-1991. doi:10.12688/f1000research.20779.1

Halloran CM, Cox TFE, Chauhan S, et al. Partial pancreatic resection for
pancreatic malignancy is associated with sustained pancreatic exocrine
failure and reduced quality of life: A prospective study. Pancreatology
2011;11:535-545. doi:10.1159/000333308

Lindkvist B. Diagnosis and treatment of pancreatic exocrine
insufficiency. World ] Gastroenterol 2013;19:7258-7266. doi:10.3748/
Wig.v19.i42.7258

Hart PA, Conwell DL. Challenges and Updates in the Management of
Exocrine Pancreatic Insufficiency. Pancreas 2016;45:1-4. doi:10.1097/
MPA.0000000000000457

Phillips ME, Hopper AD, Leeds S, et al. Consensus for the management
of pancreatic exocrine insufficiency: UK practical guidelines. BMJ Open
Gastroenterol 2021;8:000643. doi:10.1136/bmjgast-2021-000643
Kunovsky L, Dité P, Jabandziev P, et al. Causes of exocrine pancreatic
insufficiency other than chronic pancreatitis. ] Clin Med 2021;10:5779.
doi:10.3390/jcm10245779

Pyenson B, Alston M, Gomberg J, et al. Applying Machine Learning
Techniques to Identify Undiagnosed Patients with Exocrine
Pancreatic Insufficiency. ] Health Econ Outcomes Res 2019;6:32-46.
doi:10.36469/9727

Othman MO, Harb D, Barkin JA. Introduction and practical approach
to exocrine pancreatic insufficiency for the practicing clinician. Int J
Clin Pract 2018;72:e13066. doi:10.1111/ijcp.13066

Jordan PH Jr, Grossman MI. Effect of dosage schedule on the efficacy
of substitution therapy in pancreatic insufficiency. Gastroenterology
1959;36:447-451.

Dominguez-Mufioz JE, Iglesias-Garcia ], Iglesias-Rey M, Figueiras
A, Vilarifio-Insua M. Effect of the administration schedule on
the therapeutic efficacy of oral pancreatic enzyme supplements in
patients with exocrine pancreatic insufficiency: A randomized, three-
way crossover study. Aliment Pharmacol Ther 2005;21:993-1000.
doi:10.1111/§.1365-2036.2005.02390.x

Petersen KU, Malfertheiner P, Méssner J. The Role of Sphere Size in the
Context of Pancreatin Therapy for Exocrine Pancreatic Insufficiency:
A Systematic Review. ] Gastrointestin Liver Dis 2021;30:132-141.
doi:10.15403/jgld-2985

Shandro BM, Nagarajah R, Poullis A. Challenges in the management
of pancreatic exocrine insufficiency. World J Gastrointest Pharmacol
Ther 2018;9:39-46. doi:10.4292/wjgpt.v9.i5.39

Rdamo O], Puolakkainen PA, Seppild K, Schroder TM. Self-
administration of enzyme substitution in the treatment of exocrine
pancreatic insufficiency. Scand ] Gastroenterol 1989;24:688-692.
doi:10.3109/00365528909093110

Sikkens ECM, Cahen DL, van Eijck C, Kuipers EJ, Bruno MJ. The Daily
Practice of Pancreatic Enzyme Replacement Therapy After Pancreatic
Surgery: A Northern European Survey: Enzyme Replacement After
Surgery. ] Gastrointest Surg 2012;16:1487-1492. doi:10.1007/s11605-
012-1927-1

Pairent FW, Howard JM. Pancreatic Exocrine Insufficiency: IV. The
Enzyme Content of Commercial Pancreatic Supplements. Arch Surg
1975;110:739-741. doi:10.1001/archsurg.1975.01360120057010


https://dx.doi.org/10.3390/medicina56100523
https://dx.doi.org/10.1097/MPA.0000000000001967
https://dx.doi.org/10.3390/jcm10122737
https://dx.doi.org/10.1097/MOG.0000000000000459
https://dx.doi.org/10.1097/MOG.0000000000000459
https://dx.doi.org/10.1016/j.pan.2011.12.010
https://dx.doi.org/10.1016/j.pan.2011.12.010
https://dx.doi.org/10.12688/f1000research.20779.1
https://dx.doi.org/10.1159/000333308
https://dx.doi.org/10.3748/wjg.v19.i42.7258
https://dx.doi.org/10.3748/wjg.v19.i42.7258
https://dx.doi.org/10.1097/MPA.0000000000000457
https://dx.doi.org/10.1097/MPA.0000000000000457
https://dx.doi.org/10.1136/bmjgast-2021-000643
https://dx.doi.org/10.3390/jcm10245779
https://dx.doi.org/10.36469/9727
https://dx.doi.org/10.1111/ijcp.13066
https://dx.doi.org/10.1111/j.1365-2036.2005.02390.x
https://dx.doi.org/10.15403/jgld-2985
https://dx.doi.org/10.4292/wjgpt.v9.i5.39
https://dx.doi.org/10.3109/00365528909093110
https://dx.doi.org/10.1007/s11605-012-1927-1
https://dx.doi.org/10.1007/s11605-012-1927-1
https://dx.doi.org/10.1001/archsurg.1975.01360120057010

EPI more common in general population than in co-conditions

129

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Baker SS. Delayed release pancrelipase for the treatment of pancreatic
exocrine insufficiency associated with cystic fibrosis. Ther Clin Risk
Manag 2008;4:1079-1084. doi:10.2147/tcrm.s3123

Updated Questions and Answers for Healthcare Professionals and the Public:
Use an Approved Pancreatic Enzyme Product (PEP) [Internet]. [cited 2023
Jan 11]. Available from: https://www.fda.gov/drugs/postmarket-drug-safety-
information-patients-and-providers/updated-questions-and-answers-
healthcare-professionals-and-public-use-approved-pancreatic-enzyme
Gardner TB, Munson JC, Morden NE. The FDA and prescription
pancreatic enzyme product cost. Am J Gastroenterol 2014;109:624-625.
doi:10.1038/ajg.2013.430

Lohr JM, Hummel FM, Pirilis KT, Steinkamp G, Kérner A, Henniges
E Properties of different pancreatin preparations used in pancreatic
exocrine insufficiency. Eur ] Gastroenterol Hepatol 2009;21:1024-1031.
doi:10.1097/MEG.0b013e328328f414

Maev IV, Kucheryavyy YA, Gubergrits NB, et al. Differences in In
Vitro Properties of Pancreatin Preparations for Pancreatic Exocrine
Insufficiency as Marketed in Russia and CIS. Drugs R D 2020;20:369-
376. doi:10.1007/s40268-020-00326-z

Park HJ, Lee HJ. Digestive enzyme supplementation in prescription
drugs, over-the-counter drugs, and enzyme foods. ] Pharm Investig
2023;53:343-355. doi:10.1007/540005-022-00605-8

Taylor JR, Gardner TB, Waljee AK, Dimagno M]J, Schoenfeld PS.
Systematic review: Efficacy and safety of pancreatic enzyme supplements
for exocrine pancreatic insufficiency. Aliment Pharmacol Ther
2010;31:57-72. doi:10.1111/§.1365-2036.2009.04157.x

Ng C, Major G, Smyth AR. Timing of pancreatic enzyme replacement
therapy (PERT) in cystic fibrosis. Cochrane Database Syst Rev
2021;8:CD013488. doi:10.1002/14651858.CD013488.pub2

De La Iglesia-Garcia D, Huang W, Szatmary P, et al. Efficacy of pancreatic
enzyme replacement therapy in chronic pancreatitis: Systematic review
and meta-Analysis. Vol. 66, Gut 2017;66:1354-1355. doi:10.1136/
gutjnl-2016-312529

Hollemans RA, Hallensleben NDL, Mager DJ, et al. Pancreatic exocrine
insufficiency following acute pancreatitis: Systematic review and study
level meta-analysis. Pancreatology 2018;18:253-262. doi:10.1016/j.
pan.2018.02.009

D’Haese JG, Ceyhan GO, Demir IE, et al. Pancreatic enzyme
replacement therapy in patients with exocrine pancreatic insufficiency
due to chronic pancreatitis: A 1-year disease management study
on symptom control and quality of life. Pancreas 2014;43:834-841.
doi:10.1097/MPA.0000000000000131

Gan C, Chen YH, Liu L, et al. Efficacy and safety of pancreatic
enzyme replacement therapy on exocrine pancreatic insufficiency:
A meta-analysis. Oncotarget 2017;8:94920-94931. doi:10.18632/
oncotarget.21659

Prakash RK, Schlachterman A, Forsmark CE. Pancreatic enzyme
replacement therapy (PERT). In: Adams DB, Cotton PB, Zyromski NJ,
Windsor J. Editor(s). Pancreatitis. Chichester, UK: John Wiley & Sons,
Ltd; 2017:195-204. doi:10.1002/9781118924907

Working Party of the Australasian Pancreatic Club; Smith RC, Smith SE,
Wilson J, et al. Summary and recommendations from the Australasian
guidelines for the management of pancreatic exocrine insufficiency.
Pancreatology 2016;16:164-180. doi:10.1016/j.pan.2015.12.006
Brennan GT, Saif MW. Pancreatic Enzyme Replacement Therapy: A
Concise Review. JOP. 2019;20:121-125.

Barkin JA, Harb DM, Kort JM, Barkin JS. S44 Analysis of Real World
Patient Experience With Pancreatic Enzyme Replacement Therapy

(PERT) in the Treatment of Exocrine Pancreatic Insufficiency

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

(EPI). Am ] Gastroenterol 2021;116:519-5S20. doi:10.14309/01.
ajg.0000772156.58431.47

Barkin JA, Hernandez-Barco YG, Pannala R, et al. $43 Characterizing
Unmet Needs in Patients With Exocrine Pancreatic Insufficiency Due to
Chronic Pancreatitis: A Patient-Centered Observational Approach. Am
] Gastroenterol 2021;116:S19. doi:10.14309/01.ajg.0000772152.70418.8d
Barkin JA, Westermann A, Hoos W, et al. Frequency of Appropriate Use
of Pancreatic Enzyme Replacement Therapy and Symptomatic Response
in Pancreatic Cancer Patients. Pancreas 2019;48:780-786. doi:10.1097/
MPA.0000000000001330

Morawski JH, Priifert A, Van Engen A, et al. Cost-effectiveness analysis
of pancreatin minimicrospheres in patients with pancreatic exocrine
insufficiency due to chronic pancreatitis. ] Med Econ 2012;15(Suppl
1):15-25. doi:10.3111/13696998.2012.737882

Gupta A, Premnath N, Sedhom R, et al. Projected 30-day out-of-pocket
and total spending on pancreatic enzyme replacement therapy under
Medicare Part D. J Clin Oncol 2021;39(3_suppl):A 401. doi:10.1200/
JCO.2021.39.3_suppl.401

Gardner T, Gordon S. Sacrificing Affordability in the Name of Proving
Efficacy: The Case of Pancreatic Enzyme Replacement Therapy:224.
Am J Gastroenterol 2013;108:569. doi:10.14309/00000434-201310001-
00224

Lewis D. Cost calculations of Pancreatic Enzyme Replacement Therapy
(PERT) for Exocrine Pancreatic Insufficiency (EPI) and alternative
over the counter enzyme products. DIYPS.org. 2022. [cited 2022 Mar
10]. Available from: https://diyps.org/2022/02/07/cost-calculations-of-
pancreatic-enzyme-replacement-therapy-pert-for-exocrine-pancreatic-
insufficiency-epi-and-alternative-over-the-counter-enzyme-products/
Lewis D. Costs, Price and Calculations for Living With Diabetes and
Exocrine Pancreatic Insufficiency and Celiac and Graves. DIYPS.
org. 2022. Available from: https://diyps.org/2022/11/16/costs-price-
and-calculations-for-living-with-diabetes-and-exocrine-pancreatic-
insufficiency-and-celiac-and-graves/

Trang T, Chan ], Graham DY. Pancreatic enzyme replacement therapy
for pancreatic exocrine insufficiency in the 21st century. World J
Gastroenterol 2014;20:11467-11485. doi:10.3748/wjg.v20.i33.11467
Fragoso AV, Pedroso MR, Herman P, Montagnini AL. Comparing the
enzyme replacement therapy cost in post pancreatectomy patients
due to pancreatic tumor and chronic pancreatitis. Arq Gastroenterol
2016553:94-97. doi:10.1590/50004-28032016000200008

Khandelwal N, Harb D, Manthena S, Reilly P, Vora J, Morris-Stift G.
Economic impact of pancreatic enzyme replacement therapy (PERT)
in pancreatic cancer (PC) patients who may have exocrine pancreatic
insufficiency (EPI) following pancreatic surgery. Am J Gastroenterol
2018;113:553-S54.

Gupta A, Nshuti L, Grewal US, et al. Financial Burden of Drugs
Prescribed for Cancer-Associated Symptoms. JCO Oncol Pract
2022;18:140-147. doi:10.1200/OP.21.00466

Forsmark CE, Tang G, Xu H, Tuft M, Hughes SJ, Yadav D. The use of
pancreatic enzyme replacement therapy in patients with a diagnosis of
chronic pancreatitis and pancreatic cancer in the US is infrequent and
inconsistent. Aliment Pharmacol Ther 2020;51:958-967. doi:10.1111/
apt.15698

Capurso G, Traini M, Piciucchi M, Signoretti M, Arcidiacono
PG. Exocrine pancreatic insufficiency: Prevalence, diagnosis, and
management. Clin Exp Gastroenterol 2019:12:129-139. doi:10.2147/
CEG.S168266

Campbell JA, Sanders DS, Francis KA, et al. Should we investigate

gastroenterology patients for pancreatic exocrine insufficiency? A

J Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 123-130


https://dx.doi.org/10.2147/tcrm.s3123
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/updated-questions-and-answers-healthcare-professionals-and-public-use-approved-pancreatic-enzyme
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/updated-questions-and-answers-healthcare-professionals-and-public-use-approved-pancreatic-enzyme
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/updated-questions-and-answers-healthcare-professionals-and-public-use-approved-pancreatic-enzyme
https://dx.doi.org/10.1097/MEG.0b013e328328f414
https://dx.doi.org/10.1007/s40268-020-00326-z
https://dx.doi.org/10.1007/s40005-022-00605-8
https://dx.doi.org/10.1111/j.1365-2036.2009.04157.x
https://dx.doi.org/10.1002/14651858.CD013488.pub2
https://dx.doi.org/10.1136/gutjnl-2016-312529
https://dx.doi.org/10.1136/gutjnl-2016-312529
https://dx.doi.org/10.1016/j.pan.2018.02.009
https://dx.doi.org/10.1016/j.pan.2018.02.009
https://dx.doi.org/10.1097/MPA.0000000000000131
https://dx.doi.org/10.18632/oncotarget.21659
https://dx.doi.org/10.18632/oncotarget.21659
https://dx.doi.org/10.1002/9781118924907
https://dx.doi.org/10.1016/j.pan.2015.12.006
https://dx.doi.org/10.14309/01.ajg.0000772156.58431.47
https://dx.doi.org/10.14309/01.ajg.0000772156.58431.47
https://dx.doi.org/10.14309/01.ajg.0000772152.70418.8d
https://dx.doi.org/10.1097/MPA.0000000000001330
https://dx.doi.org/10.1097/MPA.0000000000001330
https://dx.doi.org/10.3111/13696998.2012.737882
https://dx.doi.org/10.1200/JCO.2021.39.3_suppl.401
https://dx.doi.org/10.1200/JCO.2021.39.3_suppl.401
https://dx.doi.org/10.14309/00000434-201310001-00224
https://dx.doi.org/10.14309/00000434-201310001-00224
https://diyps.org/2022/02/07/cost-calculations-of-pancreatic-enzyme-replacement-therapy-pert-for-exocrine-pancreatic-insufficiency-epi-and-alternative-over-the-counter-enzyme-products/
https://diyps.org/2022/02/07/cost-calculations-of-pancreatic-enzyme-replacement-therapy-pert-for-exocrine-pancreatic-insufficiency-epi-and-alternative-over-the-counter-enzyme-products/
https://diyps.org/2022/02/07/cost-calculations-of-pancreatic-enzyme-replacement-therapy-pert-for-exocrine-pancreatic-insufficiency-epi-and-alternative-over-the-counter-enzyme-products/
https://diyps.org/2022/11/16/costs-price-and-calculations-for-living-with-diabetes-and-exocrine-pancreatic-insufficiency-and-celiac-and-graves/
https://diyps.org/2022/11/16/costs-price-and-calculations-for-living-with-diabetes-and-exocrine-pancreatic-insufficiency-and-celiac-and-graves/
https://diyps.org/2022/11/16/costs-price-and-calculations-for-living-with-diabetes-and-exocrine-pancreatic-insufficiency-and-celiac-and-graves/
https://dx.doi.org/10.3748/wjg.v20.i33.11467
https://dx.doi.org/10.1590/S0004-28032016000200008
https://dx.doi.org/10.1200/OP.21.00466
https://dx.doi.org/10.1111/apt.15698
https://dx.doi.org/10.1111/apt.15698
https://dx.doi.org/10.2147/CEG.S168266
https://dx.doi.org/10.2147/CEG.S168266

130

Lewis D.M.

51.

52.

53.

54.

55.

56.

57.

58.

dual centre UK study. ] Gastrointestin Liver Dis 2016;25:303-309.
doi:10.15403/jgld.2014.1121.253.uks

Campbell J. Is pancreatic exocrine insufficiency an under-recognised
diagnosis? M.D. thesis, University of Sheffield. 2017.

Campbell ], Francis K, Kurien M, et al. PWE-208 How common is
pancreatic exocrine insufficiency in primary care? Gut 2015;64(Suppl
1):A303.

Rothenbacher D, Léw M, Hardt PD, Klor HU, Ziegler H, Brenner
H. Prevalence and determinants of exocrine pancreatic insufficiency
among older adults: Results of a population-based study. Scand J
Gastroenterol 2005;40:697-704. doi:10.1080/00365520510023116
Herzig KH, Purhonen AK, Résanen KM, et al. Fecal pancreatic elastase-1
levels in older individuals without known gastrointestinal diseases or
diabetes mellitus. BMC Geriatr 2011;11:4. doi:10.1186/1471-2318-11-4
Hardt PD, Krauss A, Bretz L, et al. Pancreatic exocrine function
in patients with type 1 and type 2 diabetes mellitus. Acta Diabetol
2000;37:105-110. doi:10.1007/5005920070011

Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global, regional
and country-level diabetes prevalence estimates for 2021 and projections
for 2045. Diabetes Res Clin Pract 2022;183:109119. doi:10.1016/j.
diabres.2021.109119

Singh P, Arora A, Strand TA, et al. Global Prevalence of Celiac Disease:
Systematic Review and Meta-analysis. Clin Gastroenterol Hepatol
2018;16:823-836.€2. doi:10.1016/j.cgh.2017.06.037

Scotet V, Lhostis C, Férec C. The changing epidemiology of cystic
fibrosis: Incidence, survival and impact of the CFTRGene discovery.
Genes (Basel) 2020;11:589. doi:10.3390/genes11060589

] Gastrointestin Liver Dis, March 2024 Vol. 33 No 1: 123-130

59.

60.

61.

62.

63.

64.

65.

66.

Petrov MS, Yadav D. Global epidemiology and holistic prevention
of pancreatitis. Nat Rev Gastroenterol Hepatol 2019;16:175-184.
doi:10.1038/s41575-018-0087-5

Lippi G, Mattiuzzi C. The global burden of pancreatic cancer. Arch Med
Sci 2020;16:820-824. doi:10.5114/a0oms.2020.94845

Oka P, Parr H, Barberio B, Black CJ, Savarino EV, Ford AC. Global
prevalence of irritable bowel syndrome according to Rome III or IV
criteria: a systematic review and meta-analysis. Lancet Gastroenterol
Hepatol 2020;5:908-917. doi:10.1016/S2468-1253(20)30217-X

Olmos JI, Piskorz MM, Litwin N, et al. Exocrine Pancreatic Insufficiency
is Undiagnosed in Some Patients with Diarrhea-Predominant Irritable
Bowel Syndrome Using the Rome IV Criteria. Dig Dis Sci 2022;67:5666—
5675. doi:10.1007/s10620-022-07568-8

Leeds JS, Hopper AD, Sidhu R, et al. Some Patients With Irritable
Bowel Syndrome May Have Exocrine Pancreatic Insufficiency.
Clin Gastroenterol Hepatol 2010;8:433-438. doi:10.1016/j.
cgh.2009.09.032

Forsmark C. Diagnosis and Management of Exocrine Pancreatic
Insufficiency. Curr Treat Options Gastroenterol 2018;16:306-315.
doi:10.1007/s11938-018-0186-y

Shandro BM, Ritehnia J, Chen ], Nagarajah R, Poullis A. The
investigation and management of pancreatic exocrine insufficiency:
A retrospective cohort study. Clin Med (Lond) 2020;20:535-540.
doi:10.7861/clinmed.2020-0506

Struyvenberg MR, Martin CR, Freedman SD. Practical guide to exocrine
pancreatic insufficiency - Breaking the myths. BMC Med 2017;15:29.
doi:10.1186/512916-017-0783-y


https://dx.doi.org/10.15403/jgld.2014.1121.253.uks
https://dx.doi.org/10.1080/00365520510023116
https://dx.doi.org/10.1186/1471-2318-11-4
https://dx.doi.org/10.1007/s005920070011
https://dx.doi.org/10.1016/j.diabres.2021.109119
https://dx.doi.org/10.1016/j.diabres.2021.109119
https://dx.doi.org/10.1016/j.cgh.2017.06.037
https://dx.doi.org/10.3390/genes11060589
https://dx.doi.org/10.1038/s41575-018-0087-5
https://dx.doi.org/10.5114/aoms.2020.94845
https://dx.doi.org/10.1016/S2468-1253(20)30217-X
https://dx.doi.org/10.1007/s10620-022-07568-8
https://dx.doi.org/10.1016/j.cgh.2009.09.032
https://dx.doi.org/10.1016/j.cgh.2009.09.032
https://dx.doi.org/10.1007/s11938-018-0186-y
https://dx.doi.org/10.7861/clinmed.2020-0506
https://dx.doi.org/10.1186/s12916-017-0783-y

