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INTRODUCTION

Panc re l ip a s e  ( PL )  i s  a 
pancreatic enzyme supplement 
primarily used to aid the digestion 
of fats, proteins, and carbohydrates. 
It contains a combination of 
enzymes,  including l ipase, 
protease, and amylases that are 
naturally produced and secreted 
by the pancreas to break down 
food components in the small 
intestine [1]. 

The therapeutic use of PL spans 
several key gastroenterological 
conditions ranging from chronic 
pancreatitis (CP) to genetic 
disorders, such as cystic fibrosis 
(CF) [2], which is characterized by 
exocrine pancreatic insufficiency 
(EPI) requiring supplemental 
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ABSTRACT

The therapeutic application of Pancrelipase spans several key gastroenterological conditions, ranging from 
chronic pancreatitis to genetic disorders such as cystic fibrosis. Consequently, pancreatic enzyme replacement 
therapy (PERT) is applicable in a variety of clinical settings, managing pancreatic insufficiency. Beyond chronic 
pancreatitis, PERT has also shown effectiveness in addressing malabsorption associated with pancreatic 
surgery, gastrointestinal malignancies, and various dysmetabolic conditions. This review aims to provide 
a comprehensive overview of the therapeutic applications of PERT and its clinical role in managing both 
surgical and non-surgical conditions, beyond chronic pancreatitis. PERT has proven crucial in improving 
patient outcomes, addressing gastrointestinal symptoms, and supporting long-term health in patients with 
pancreatic insufficiency. While more research, particularly from randomized controlled trials, is required to 
optimize dosing strategies and establish standardized PERT protocols, clinicians should consider tailoring 
PERT to individual patient needs based on the available evidence across various clinical scenarios.
 
Key words: pancreatic enzyme replacement therapy – PERT – pancrealipase – pancreatic disease.

Abbreviations: CF: cystic fibrosis; CP: chronic pancreatitis; EPI: exocrine pancreatic insufficiency; FE: fecal 
elastase; IBS-D: diarrhea-predominant irritable bowel syndrome; PERT: pancreatic enzyme replacement 
therapy; PL: pancrealipase; PPI: proton pump inhibitor; RCT: randomized controlled trial; T1d: type-1 
diabetes; T2D: type-2 diabetes.

enzyme therapy to aid digestion and nutritional absorption. 
From an epidemiological perspective, exocrine EPI is frequently 
underdiagnosed, with an estimated prevalence in the general 
population ranging from 10% to 20%. The prevalence increases 
with age, and chronic pancreatitis remains the leading cause, with 
reported incidences as high as 90% in affected individuals [3]. 
However, EPI often presents with non-specific gastrointestinal 
symptoms, leading to missed or delayed diagnosis and, 
consequently, an underestimation of its true prevalence 
-particularly in specific conditions such as diabetes mellitus 
and diarrhea-predominant irritable bowel syndrome (IBS-D) 
[4]. Therefore, increasing clinical awareness and implementing 
appropriate screening strategies could enhance early diagnosis 
and timely treatment, especially in non–chronic pancreatitis-
related cases. Symptoms of untreated EPI include difficulty 
in digesting fat and maldigestion and malnutrition-related 
symptoms such as essential fatty acids and fat-soluble vitamins 
deficiencies, weight loss, cramping, flatulence, bloating, and 
greasy, loose stools (steatorrhea) [5]. Exocrine pancreas has 
a large functional reserve capacity and, generally, symptoms 
linked to EPI occurred in cases of a 10%-lower residual 
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pancreatic function [6]. Considering its low cost and its minimal 
invasiveness, fecal elastase (FE) level is the more widely used test 
for EPI diagnosis [7], with good accuracy in the case of severe 
EPI and a sub-optimal sensitivity in moderate ones [8]. In a 
recent systematic review, the pooled sensitivity and specificity 
of FE were found to be 96% (79–99%) and 88% (59–97%), 
respectively, when compared to quantitative fecal fat estimation. 
Furthermore, in patients with a low pre-test probability of EPI, 
the fecal elastase-1 assay exhibited a false-negative rate of 1.1% 
and a false-positive rate of 11%. These findings suggest that 
while the test is highly effective in ruling out EPI, it may not be 
as reliable for detecting the condition [9]. Moreover, structural 
changes may result in a lack of synchronization between enzyme 
release and nutrient passage, as well as inadequate trituration of 
nutrients. As a result, FE values could remain within the normal 
range in such clinical contexts [10]. 

Several tests have been validated for EPI diagnosis in 
the last decades. However, the majority are invasive and not 
routinely used in clinical practice (13C-mixed triglyceride 
breath test, secretin-enhanced diffusion-weighted magnetic 
resonance cholangiopancreatography imaging, endoscopic 
collection, and analysis of pancreatic secretion) [7]. 

The most accurate test for diagnosis of EPI consists of 
the evaluation of the coefficient fat absorption; however, its 
complexity restricts its use beyond the field of research [11].

As shown in a meta-analysis including four randomized 
controlled trials (RCTs) PL supplementation in patients with CP 
improves fat absorption coefficient compared with placebo [12].

Moreover, in a large retrospective real-world study 
involving 10,656 patients with CP or type-2 diabetes (T2D), the 
administration of PL resulted in a significant reduction in EPI 
symptoms such as abdominal pain, diarrhea, steatorrhea, and 
nausea [13]. Pancreatic enzyme replacement therapy (PERT) 
improves fat and protein absorption in patients with EPI due 
to chronic pancreatitis or after pancreatectomy [14]. Similar 
results have been shown in another study that included patients 
with or without T2D [15]. However, PERT did not seem to 
relieve abdominal pain in patients with CP and should not be 
prescribed for this purpose [16].

Additionally, PERT is prescribed to patients with 
pancreatic cancer and after pancreatectomy. Surgical removal 

of the pancreas or obstruction due to tumor growth impairs 
enzymatic secretion; in these cases, PERT improves the quality 
of life reducing symptoms such as steatorrhea, bloating, 
and malnutrition [7]. Although most evidence comes from 
retrospective studies or trials with small sample sizes, the use 
of PERT has successfully met its primary endpoint in both 
advanced pancreatic cancer and pancreatic surgery related to 
pancreatic cancer [17].

In clinical practice, PERT is also prescribed in non-
pancreatic digestive conditions where EPI has not been 
diagnosed, such as short gut syndrome, celiac disease, Crohn’s 
disease, post gastrectomy, and chronic diarrhea of unclear 
etiology. The rationale behind this indication is linked to the 
optimization of nutrient requirements in case of suboptimal 
absorption (Fig. 1). 

In this review, we aim to provide a comprehensive overview 
of the therapeutic applications of PERT and its clinical role in 
managing various gastrointestinal conditions, different from 
chronic pancreatitis (Table I).

TYPE OF FORMULATIONS

To ensure clinical efficacy, pancreatic enzyme preparations 
must meet specific criteria, overcoming challenges posed by 
gastric acidity, gastrointestinal transit, and duodenal release. 
These formulations have shown significant effectiveness 
in reducing malabsorption-related symptoms [18] and are 
specifically engineered to withstand the acidic environment 
of the stomach and release enzymes in alkaline conditions of 
the small intestine, where their activity could be maximized 
[19]. Typically, these formulations consist of microspheres or 
micro-tablets encased in a protective coating, which enhances 
their ability to mix with ingested food and facilitate digestion. 
Porcine-derived PL is considered the most effective PERT 
preparations. However, alternative formulations containing 
microbial pancreatic-like enzymes have demonstrated 
efficacy in improving lipid absorption in animal models [20]. 
Innovative techniques, such as artificial cell encapsulation, 
could offer potential benefits by protecting enzymes from 
degradation within semi-permeable membranes and enabling 
controlled release [21]. 

Fig. 1. Pancreatic enzyme replacement therapy
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Currently, porcine pancreatic enzymes are the only 
ones approved for medical use in the EU. Nevertheless, 
biotechnological advancements have led to the development 
of biosimilar and synthetic enzyme formulations, which offer 
alternatives to animal-derived products, although they are not 
yet available in clinical practice [22]. These alternatives may 
be beneficial for patients with sensitivities or ethical concerns 
related to animal-derived products. However, their safety 
and efficacy require thorough comprehensive evaluation in 
clinical trials. In cases where standard PERT is insufficient, 
adjuvant therapy proton pump inhibitor (PPI)-based may 
be considered to enhance the effectiveness of enteric-coated 
enzyme preparations by reducing gastric acid secretion and 
preventing premature activation or degradation in the stomach 
[23]. However, PPI co-administration should be reserved for 
cases where standard PERT dosages fail to achieve satisfactory 
results, as routine use is not universally recommended [24, 
25]. Despite the widespread use of these strategies, there is a 
notable lack of large-scale, randomized comparative studies 
to comprehensively evaluate the relative efficacy of different 
pancreatic enzyme preparations.

PANCREATIC ENZYME REPLACEMENT 
THERAPY IN CYSTIC FIBROSIS

Cystic fibrosis is a genetic disorder inherited in an 
autosomal recessive manner caused by a mutation in CFTR 
gene, leading to  abnormal  ion  transport and accumulation 
of viscous mucus, impairing the function of multiple organs, 
including pancreas. This condition can result in EPI in 
approximately 85-90% of patients [26]. Cystic fibrosis related 
pancreatic insufficiency is not different from other EPI, and 
it is characterized by reduced pancreatic enzymes secretion, 
causing malabsorption of nutrients, particularly of fats and 
fat-soluble vitamins (A, D, E, K) [27]. The main clinical 
manifestation is steatorrhea, along with symptoms related to 
specific nutrient deficiencies.

In this context, PERT is crucial for improving nutrient 
absorption. Enteric-coated formulations protect enzymes from 
gastric acidity (high-buffered, with bicarbonate) and ensure 
release beyond the gastric barrier, reducing fat excretion [28-32].

The efficacy and tolerability of PERT have been widely 
proven [33-35]. The recommended dosage for adults is 25,000-

Table I. Summary of findings

Disease Main Issue Results RCTs available

Cystic Fibrosis [36,37] CF causes EPI in 85-90% of patients. • PERT is a safe and effective treatment for 
malabsorption associated with EPI in CF

• 25,000-40,000 lipase units per meal is the 
recommended dose.

Yes

Pancreatic Cancer 
[43,45,55]

Malnutrition significantly worsens 
outcomes in PC

• PERT significantly improves nutritional 
status.

• PERT significantly improves body weight

• longer survival in patients with >10% 
weight loss when PERT was combined with 
chemotherapy.

Yes

Pancreatic Surgery [60] Pancreatic surgeries often lead to 
EPI.

• PERT results in significant weight gain 
and reduced stool frequency after pancreatic 
surgery

Yes

Upper-GI surgery 
[80,82,84,85,91]

More than one-third of gastrectomy 
patients develop EPI.

Roux-en-Y gastric bypass and 
biliopancreatic diversion carry 
a higher EPI risk than sleeve 
gastrectomy or gastric banding.

• PERT improves nutritional status and quality 
of life after gastrectomy

• PERT improves stool consistency after 
gastrectomy

• PERT improves GI symptoms and increases 
weight after esophagectomy

• PERT could improve symptoms after 
bariatric surgery

Yes

Celiac disease
[90,91] 

EPI is reported in 17-61% of celiac 
patients and in 18-80% of IBD.

• PERT leads to an increase in body weight in 
pediatric patients with celiac disease
No improvement is observed in 
gastrointestinal symptoms

No

Diabetes Mellitus [75,76] The prevalence of EPI in T1DM 
ranged from 14% to 77.5% and 
16.8%-49.2% in T2DM

• PERT increases gastrointestinal symptoms in 
patients with DM and EPI.

Yes

IBS-D The prevalence of EPI ranging 
between 1.8 and 6.1%

• PERT could increases gastrointestinal 
symptoms in patients with IBS-D and EPI.

No

CF: Cystic fibrosis; DM: Diabetes Mellitus; EPI: exocrine pancreatic insufficiency; IBS-D: Diarrhea Predominant - Irritable Bowel Syndrome 
PC: Pancreatic cancer; PERT: Pancreatic enzyme replacement therapy. 

 



PERT in non-chronic pancreatitis conditions� 393

J Gastrointestin Liver Dis, September 2025 Vol. 34 No 3: 390-399

40,000 units of lipase per meal, while in children, the dosage is 
weight-based (1,000 units of lipase per kg for younger children 
less than 4 years of age and 500 units per kg for children older 
than 4 years of age [36]. 

Proper administration of PERT improves fat absorption in 
CF patients, stabilizes weight, and supports normal growth, 
which is particularly critical during childhood. The primary 
measure or PERF effectiveness is historically the coefficient of 
fat absorption, which demonstrated significant improvement 
in treated patients, resulting in notable reductions in 
gastrointestinal symptoms and bowel movement frequency 
[37].

The coefficient of fat absorption measurement involves a 72-
hour stool collection, which can be unpleasant and inconvenient 
for patients. Some authors have suggested alternative methods, 
such as sparse stool sampling for percentage fat analysis [38], or 
more recently, plasma sterol evaluation, including phytosterols 
and cholesterol, to monitor lipid metabolism, optimize PERT 
dosage and therapeutic response [39]. Specifically, measuring 
campesterol and β-sitosterol concentrations in CF patients may 
serve as indicators of PERT efficacy and/or compliance [40]. 
These parameters can aid in personalizing enzyme therapy and 
optimizing fat absorption.

Lastly, recent studies have also explored the impacts of 
PERT on other aspects of digestive physiology in CF patients, 
particularly gastric emptying, and incretin hormone secretion. 
Pancreatic enzyme replacement therapy has been found to 
influence postprandial glycemic responses by slowing gastric 
emptying and increasing incretin hormone secretion, leading 
to improved glycemic control [41, 42].

Despite the efficacy of PERT, complete restoration of 
normal digestive function may not always be achievable due to 
factors such as duodenal pH variations or timing discrepancies 
between enzyme release and food transit [36]. Therefore, 
full normalization of fat absorption is not always achieved, 
highlighting the complexity of managing CF-related pancreatic 
insufficiency.

In conclusion, PERT is a cornerstone therapy for addressing 
malabsorption and pancreatic symptoms in CF-related 
pancreatic insufficiency, significantly improving quality of 
life and clinical outcomes. However, challenges remain in 
determining the optimal PERT dosage relative to pancreatic 
status and in optimizing its efficacy.

PANCREATIC ENZYME REPLACEMENT 
THERAPY IN PANCREATIC DISEASE 
AND PANCREATIC SURGERY

Pancreatic Cancer
Pancreatic cancer is one of the most aggressive malignancies, 

with a poor prognosis characterized by a five-year survival rate 
lower than 10%. Malnutrition plays a significant role in these 
patients and is directly linked to poorer outcomes, affecting 
their ability to tolerate cancer treatments, their quality of life, 
and, as expected, overall mortality [43, 44]. The primary cause 
of malnutrition is the development of PEI, which results from 
the loss of functional pancreatic tissue and obstruction of the 
main pancreatic duct with upstream atrophy [45] leading to 
malabsorption, particularly of fats, which manifests clinically 

as steatorrhea, weight loss, nutritional and vitamin deficiencies, 
and cachexia [46]. Exocrine pancreatic insufficiency is highly 
prevalent in patients with resectable, borderline resectable and 
unresectable pancreatic cancer [47] . Supportive care measures 
including oral or intravenous supplementation, physical 
exercise, pharmacologic interventions, and enzymatic therapy 
can help improve malabsorption. The administration of PERT 
at a recommended dose of 2,500 lipase units per kilogram 
of body weight is recognized as the standard treatment for 
improving nutritional status and alleviating symptoms [48]. 
Additionally, both international and national guidelines 
provide recommendations on PERT, including the minimum 
initial dose, timing of administration, and the necessity of 
patient follow-up for dose adjustments.

For conditions such as chronic pancreatitis, the 
recommended initial dose is 40,000 to 50,000 lipase units per 
meal, while for pancreatic cancer or post-pancreatic surgery, 
the recommended dose is 72,000 to 75,000 lipase units per 
meal [49]. The initial dose should be gradually increased until 
steatorrhea is adequately controlled, and this optimized dosage 
should be maintained over time [17].

Although the use of PERT is recommended in the latest 
ESMO guidelines [50], its implementation in clinical practice 
remains limited, leading to underdiagnosis and undertreatment 
[51]. Factors contributing to this discrepancy include lack of 
awareness among physicians or specialists and variable patient 
compliance, with only about 50% adherence to enzyme therapy 
[52]. Despite the low usage rate among pancreatic cancer, 
population-based studies have shown that patients receiving 
PERT have improved median survival [52, 53].

Patients with unresectable pancreatic cancer, whose 
prognosis depends on to chemotherapy response may benefit 
the most from PERT.  Clinical studies, such as those conducted 
by Saito et al. [54], have demonstrated that PERT can help 
maintain body mass index and improve overall nutritional status 
in patients undergoing chemotherapy for advanced pancreatic 
cancer. Moreover, a RCT involving 21 patients with unresectable 
pancreatic head cancer demonstrated a 2.2% increase in mean 
body weight in patients treated with pancreatic enzymes, 
compared to a 3.7% weight loss in the control group [55]. In 
another randomized controlled trial, although no significant 
improvements in body mass index were observed after eight 
weeks of PL treatment, patients receiving PERT showed a trend 
toward longer overall survival [56]. Finally, a retrospective 
analysis found that unresectable pancreatic cancer patients 
receiving PERT alongside chemotherapy had significantly longer 
survival compared to those without PERT, particularly among 
patients with more than 10% weight loss [57].

In conclusion, EPI is a common and debilitating 
complication in pancreatic cancer, but PERT represents an 
effective strategy to improve digestion, body weight, and 
potentially survival. Patient education is essential to enhance 
therapy adherence and administration schedules, also 
emphasizing the importance of taking capsules at the beginning 
and throughout meals [48], despite the lack of standardized 
dosage and titration to oral intake [58]. However, there are 
still knowledge gaps, and not all clinical studies reached the 
same conclusions [43]. Further research is needed to establish 
optimal guidelines for the use of PERT in this clinical context.
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Pancreatic Surgery
Pancreatic enzyme replacement therapy provides 

significant clinical benefits in patients undergoing pancreatic 
surgery, including pancreaticoduodenectomy and total 
pancreatectomy for various malignant pancreatic diseases 
such as pancreatic cancer, premalignant mucinous lesions, 
and other periampullary neoplasms. While these procedures 
are often lifesaving, they frequently lead to various degrees 
of EPI, resulting in nutrient malabsorption, weight loss, and 
deterioration of the patient’s overall nutritional status.

Pancreatic enzyme replacement therapy, especially 
with newer delayed-release formulations, has become the 
cornerstone of managing post-surgical EPI [59]. In this setting, 
PERT has demonstrated efficacy in improving fat and protein 
absorption, reducing stool frequency, addressing weight 
loss, and alleviating symptoms related to malabsorption. For 
instance, Gubergrits et al. [60] showed that prolonged use of PL 
in post-surgical patients significantly increased body weight, 
improved stool consistency and quality of life [60]. The benefits 
of PERT are particularly pronounced in individuals with 
dilated pancreatic ducts, which could indicate a severe EPI [61].

A significant complication following pancreatic surgery 
is new onset steatotic liver disease, possibly resulting from 
impaired fat absorption [62]. In this context, PERT has shown 
superior efficacy compared to other enzyme supplements 
[63], although some authors support combining PERT with 
branched-chain amino acids (BCAA), efficacy in preventing 
steatotic liver disease [64]. Pancreatic enzyme replacement 
therapy has been found to improve mild liver dysfunction 
observed at 1, 3, and 6 months after pancreatic surgery [65], 
alongside improving nutritional parameters such as total 
protein, albumin, and total cholesterol levels [66].

Despite these well-established benefits, cultural challenges 
barriers persist among clinicians and patients. Although PERT is 
recommended for all post pancreatic surgery patients, a quality-
of-life survey conducted after pancreaticoduodenectomy 
revealed that only half of the patients regularly adhered 
to PERT supplementation [67]. Compliance significantly 
impacted weight loss, prompting the introduction of high dose 
PERT-capsules which have been introduced to reduce the daily 
capsule count and improve adherence [68].

While the benefits of PERT are evident, its management in 
surgical patients requires continuous monitoring to optimize 
dosage and ensure a favorable clinical response. Future research 
should focus on optimizing enzyme therapy and understanding 
the pathophysiological mechanisms underlying post-surgical 
EPI to further improve clinical outcomes and quality of life.

Acute Pancreatitis
The relationship between acute pancreatitis and the 

development of EPI remains a subject of debate in the literature. 
A few years ago, a systematic review and meta-analysis sought 
to clarify the incidence of EPI following a first episode of acute 
pancreatitis and to identify high-risk patient characteristics. 
The analysis reported an overall prevalence of EPI of 62% 
during hospitalization and 35% after discharge. Independent 
risk factors included severe pancreatitis, necrotizing disease, 
and an alcoholic etiology [69]. Some uncertainty remains 
regarding the efficacy of PERT. A double-blind, placebo-

controlled, randomized, parallel-group study involving 56 
patients with acute pancreatitis evaluated the effectiveness 
of PL. The primary outcome was the recovery median time 
from EPI between the two groups. No significant difference 
was observed concerning the primary outcome. However, the 
median time to recover from pancreatic exocrine insufficiency 
was 14 and 23 days among the intervention and placebo groups, 
respectively (p=0.641). Pain scores also showed no significant 
difference between the two groups [70]. Nonetheless, as a 
pragmatic recommendation, all patients should be tested for 
exocrine pancreatic insufficiency prior to discharge to allow 
appropriate long-term therapeutic planning. Ongoing follow-
up should be ensured by the managing clinicians.

PANCREATIC ENZYME REPLACEMENT 
THERAPY IN DIABETES MELLITUS

Type 1 diabetes (T1D) and T2DM have a higher prevalence 
of EPI compared to the general population. A systematic review 
found that the prevalence of EPI in T1DM ranged from 14% to 
77.5%, with a median of 33%, while in T2DM, it ranged from 
16.8% to 49.2%, with a median of 29% [71].

Several hypotheses have been proposed to explain these 
findings, including exocrine diseases leading to endocrine 
dysfunction, exocrine failure as a complication of diabetes, or 
a pathological process affecting the entire pancreas [72, 73].

A retrospective study assessing exocrine function through 
FE measurements found that among 1,015 patients, 59.3% 
had normal FE levels (>200 μg/g), 17.8% had reduced levels 
(100–200 μg/g), and 22.9% had markedly reduced levels (<100 
μg/g) [74].

In a recent study including 96 patients with diabetes 
mellitus and EPI, PERT did not significantly affect glycemic 
control. However, gastrointestinal symptoms improved in 87% 
of patients who received the recommended dosage of PERT 
[75]. Moreover, in a RCT, 21.1% of patients with diabetes 
mellitus receiving insulin therapy had concomitant EPI, with 
FE levels <100 μg/g (normal cut-off >200 μg/g). A total of 
80 patients were randomized to receive PERT (39 patients) 
or a placebo (41 patients) for 16 weeks. At the end of the 
follow-up period, no significant differences were observed in 
HbA₁c, fasting glucose levels, or 2-hour postprandial glucose 
levels between the groups. However, a reduction in mild 
and moderate hypoglycemia, as well as an increase in serum 
vitamin D levels, was observed in the PERT group [76].

This evidence suggests that a significant number of 
individuals with diabetes and EPI remain undiagnosed. People 
with diabetes (both T1DM and T2DM) who experience 
gastrointestinal symptoms (such as steatorrhea, changes in 
stool, bloating, or abdominal pain) should be screened for EPI.

PANCREATIC ENZYME REPLACEMENT 
THERAPY IN GASTROINTESTINAL 
SURGERY AND NON-PANCREATIC 
DISEASE 

Data concerning the use of PERT in non-pancreatic disease 
remains lack and sparse. In a US population-based study, the 
prevalence of PERT use for non-pancreatic digestive conditions 
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was 60.2 per 100,000 persons with a higher prevalence  in 
women, with a median dose of PL supplementation of 2,880 
lipase units/day [77].  In this clinical setting, the most frequent 
post-surgical conditions were esophagectomy and gastrectomy 
and, as expected, diarrhea and abdominal pain being the main 
diagnoses. Other notable indications included Crohn’s disease 
and ulcerative colitis with or without a history of previous 
intestinal resection and short gut syndrome [77].  Interestingly, 
also IBS-D patients could present mimicking symptoms, 
leading to EPI underdiagnosis.

Gastric and Esophageal Surgery
More than a third of patients who underwent gastrectomy 

for gastric carcinoma developed asymptomatic EPI based on 
FE evaluation. After gastric surgery, structural or functional 
changes in gastrointestinal could lead to inadequate 
production, insufficient secretion, and/or inactivation of 
pancreatic enzymes [78]. Additionally, structural changes 
can lead to non-synchronization between release of enzymes 
and passage of nutrients and to insufficient trituration of 
nutrients [10] Consequently, FE values may remain within the 
normal range in this clinical context [79]. Another potential 
mechanism involved in the pathophysiology of EPI after gastric 
surgery is linked to vagal nerve injury, which can contribute to 
dysfunction in the regulation of pancreatic exocrine secretions 
[10]. However, routine administration of PERT in patients 
who had undergone gastrectomy showed no benefit in a single 
study including 52 institutionalized patients [80] and did not 
reduce the number of bowel movements and the abdominal 
symptoms [81]. A randomized trial showed an improvement 
in nutritional assessment in patients treated with PERT after 
gastrectomy compared to control was observed. Nevertheless, 
there was no significant difference in terms of body mass 
index, quality of life, and pre-albumin levels between the two 
groups [82]. Thus, routine pancreatic supplementation after 
gastric resection surgery may not be necessary but monitoring 
for EPI symptoms in the long term could help identify the 
need for PERT [83]. Finally, an open-label study involving 
10 patients after esophagectomy showed an improvement in 
gastrointestinal symptoms and a body weight increase after 
PERT [84].

Bariatric Surgery
A common clinical scenario associated with the development 

of EPI is post-bariatric surgery. Patients who underwent 
Roux-en-Y gastric bypass or a biliopancreatic diversion with 
a duodenal switch have a higher risk compared to sleeve 
gastrectomy or adjustable gastric banding. In a retrospective 
study including patients who underwent bariatric surgery, EPI 
was diagnosed in 41.6% of the population. Therapeutic PERT 
was administered to 65 out of 79 patients with EPI, and 56 
(86.2%) reported improvement in symptoms [85].  Another 
study found that about 20% of post-operative bariatric surgery 
patients experienced steatorrhea, with 9.3% being diagnosed 
with EPI [86]. Another frequent complication is the severe 
protein malnutrition [87], associated with increased morbidity 
and mortality. However, an evidence-based therapeutics 
approach is not yet available. In a single-center case series, 
eleven patients with severe hypoalbuminemia were treated 

with 24 hours of nasal-jejunal tube feeding of a medium-
chain triglyceride formulation in combination with pancreatic 
enzyme supplementation every 3 hours (supplemented for a 
median of 75 days). This approach was effective in all included 
patients without significant side effects [88].

Celiac disease and Inflammatory Bowel Disease
Celiac disease is chronic enteropathy triggered by gluten 

ingestion in genetically susceptible individuals.  Exocrine 
pancreatic insufficiency has been reported in 17-61% of celiac 
patients, with some studies showing persistence of EPI despite 
adherence to a gluten-free diet (GFD). On the other hand, 
some studies have shown a relation between the severity of 
intestinal damage and FE levels suggesting a possible link 
between microstructural bowel damage and EPI unrelated to 
the pancreatic dysfunction [89]. 

Two published trials did not show an improvement in 
gastrointestinal symptoms in celiac patients treated with PERT 
[90], while an RCT in pediatric celiac patients demonstrated 
an increase in body weight compared to placebo [91].

Despite limited evidence, there are no recommendations 
indicating the use of PERT in celiac disease [92]. However, in 
celiac patients on GFD with persistent diarrhea the possible 
onset of EPI should be appropriately considered [93].

Inflammatory bowel diseases, including ulcerative 
colitis and Crohn’s disease, are chronic diseases, mediated 
by the immune system affecting the gastrointestinal tract. 
Malnutrition and undernutrition are often observed in these 
patients, and these conditions are variable during the disease 
course [94]. Malnutrition is common and can result from 
various factors such as inadequate nutrient intake, altered 
metabolism, malabsorption, excessive gastrointestinal losses, 
and medication effects. Pancreatic insufficiency has been 
reported in a significant proportion of patients with IBD, 
with prevalence rates ranging from 18% to 80% identified a 
reduced fecal elastase level in 18% of IBD patients [95, 96]. 
Heikius et al. [97] found signs of pancreatic insufficiency in 
19% of non-selected IBD patients, based on tests such as the 
paraminobenzoic acid test or the secretin-cerulein test [97]. In 
a prospective observational study 35% of patients with Crohn’s 
disease and 50% of patients with ulcerative colitis presented a 
decrease in plasma bicarbonate and serum enzymes during a 
secretin-cerulein test. A reduction in lipase levels was noted in 
58% and 80% of Crohn’s disease and ulcerative colitis patients, 
respectively [98]. Furthermore, a larger study by Hegnohj et al. 
[99] confirmed a significant reduction in amylase and lipase 
output through the Lundh meal test. Pancreatic insufficiency in 
IBD appears to be associated with the extent of Crohn’s disease, 
particularly when there is ileal involvement and during active 
disease phases. However, there is no evidence supporting the 
use of PERT in IBD patients and recommendations for its use 
are lacking. 

Diarrhea Predominant Irritable Bowel Syndrome
Diarrhea predominant irritable bowel syndrome is a 

functional disorder characterized by recurrent abdominal pain 
associated with an increased frequency of bowel movements 
and stool loose, based on Rome IV criteria, representing about 
35% of all IBS cases [100, 101]. In this setting, some people 
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could present mimicking symptoms. In fact, in a non-negligible 
rate of patients, ranging between 1.8 and 6.1%, IBS-D related 
symptoms hides the diagnosis of EPI [102]. These findings are 
further supported by Olmos et al. [103], who demonstrated that 
dyspepsia was significantly more common in patients with EPI 
(OR=34.7). This condition was also associated with vitamin 
deficiencies, and endoscopic ultrasound revealed pancreatic 
steatosis in 71% of the cases. The clinical relevance of these 
data lies in the distinct therapeutic approach required for this 
population [103]. Indeed, in 95 % of patients with concurrent 
EPI and IBS-D, a 12-week course of PERT led to significant 
improvements in stool frequency, consistency, and abdominal 
pain, compared to only 7% of matched IBS-D control [104].

Although guidelines do not suggest excluding the presence 
of pancreatic insufficiency to formulate the diagnosis of IBS‑D, 
clinicians should consider proper testing for non‑responders 
patients.

CONCLUSIONS

Pancreatic enzyme replacement therapy has shown its 
effectiveness in various conditions beyond CP. One of the main 
applications, supported by strong evidence, is CF. Additionally, 
PERT could be beneficial in patients with pancreatic cancer 
and post-surgical states, as it may improve nutritional status, 
leading to better nutritional outcomes. Emerging evidence 
also suggests potential benefits of PERT in managing exocrine 
pancreatic insufficiency associated with diabetes mellitus and 
gastrointestinal surgeries.

Thus, PL is a cornerstone in the management of several 
complex gastroenterological conditions, promoting digestive 
health and improving the quality of life for affected individuals. 
In conclusion, PERT plays a crucial role in managing 
pancreatic insufficiency, improving nutritional status and 
quality of life across different clinical situations. While more 
research, particularly from RCTs, is needed  to optimize 
dosing strategies and establish standardized PERT protocols, 
clinicians should consider tailoring PERT to individual patient 
needs based on the available evidence across various clinical 
scenarios.
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