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Abstract

While common pancreatic diseases, such as acute pancreatitis
(AP), chronic pancreatitis (CP), and pancreatic cancer (PC), may
greatly impact the normal pancreatic physiology and contrib-
ute to malnutrition, the adequate nutritional approach when
those conditions are present significantly influences patients’
prognosis. In patients with AP, the goals of nutritional care are
to prevent malnutrition, correct a negative nitrogen balance,
reduce inflammation, and improve outcomes such as local and
systemic complications and mortality. Malnutrition in patients
with CP is common but often a late manifestation of the
disease, leading to decreased functional capacity and quality
of life and increased risk of developing significant osteopathy,
postoperative complications, hospitalization, and mortality.
Cancer-related malnutrition is common in patients with PC,
and it is now well recognized that early nutritional support can
favorably impact survival, not only by increasing tolerance and
response to disease treatments but also by improving quality
of life and decreasing postoperative complications. The aim of
this review was to emphasize the role of nutrition and to
propose a systematic nutritional approach in patients with AP,
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Resumo

Se por um lado, doencas pancredticas comuns, tais como
pancreatite aguda (PA), pancreatite crénica (PC) e cancro
pancreatico (CP), podem ter um grande impacto na normal
fisiologia pancreédtica e contribuir para desnutricdo, por
outro lado, uma abordagem nutricional adequada nos
doentes com essas patologias pode influenciar significati-
vamente o seu prognéstico. Em doentes com PA, os obje-
tivos do suporte nutricional sao a prevencao da desnutricao,
a correcao de um balango negativo de nitrogénio, a reducao
da inflamacao, e a eviccao de outcomes desfavoraveis, como
desenvolvimento de complicacdes locais ou sistémicas ou
morte. A desnutricdo é comum em doentes com PC, sendo
frequentemente uma manifestacdo tardia da doenca, da
qual resulta uma diminuicdo da capacidade funcional e da
qualidade de vida, bem como um aumento significativo do
risco de doenca 6ssea, complicagcdes pds-operatorias, hos-
pitalizacbes e morte. A desnutricao associada ao CP é
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também habitual e é atualmente reconhecido que um
suporte nutricional precoce pode influenciar favoravel-
mente a sobrevida, ndo sé por aumentar a tolerancia e
resposta aos tratamentos, mas também por melhorar a
qualidade de vida e diminuir as complicagbes pds-opera-
térias. O objetivo da presente revisdo € salientar o papel da
nutricdo e propor uma abordagem nutricional sistematizada

nos doentes com PA, PC e CP. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Pancreas is a composite organ with both exocrine and
endocrine functions, playing a major role in the digestive
process and glucose control and ultimately influencing
the nutritional status of an individual. Malnutrition can
be defined as a state resulting from lack of intake or
uptake of nutrition that leads to altered body composition
(decreased fat-free mass) and body cell mass, leading to
diminished physical and mental function and impaired
clinical outcome from disease, and is more frequently
diagnosed by a body mass index <18.5 kg/m? [1, 2]. While
common pancreatic diseases, such as acute pancreatitis
(AP), chronic pancreatitis (CP), and pancreatic cancer
(PC), may greatly influence the normal pancreatic phys-
iology and contribute to malnutrition, the adequate nutri-
tional approach when those conditions are present sig-
nificantly influences patients’ outcomes. Despite its im-
portance in gastrointestinal disorders and particularly in
pancreatology, it has been recognized that nutritional
knowledge among gastroenterologists is suboptimal [3].
For this reason, the aim of this review was to highlight the
role of nutrition and to propose a systematic nutritional
approach in patients with AP, CP, and PC.

Nutrition in Acute Pancreatitis

AP is an acute inflammatory process of the pancreatic
parenchyma with variable involvement of other regional
tissues and remote organ systems, being one of the most
common gastrointestinal disorders requiring hospital
admission [4]. The severity of AP is classified as mild,
moderately severe, or severe based on organ failure and
local or systemic complications [5]. While the majority of
the patients develop mild AP with a self-limited course,
up to 20% will develop moderately severe/severe AP with
a mortality risk that can be as high as 35% [6]. Regardless
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of the etiology, initial management of AP consists of
supportive treatment aimed at targeting the systemic
inflammatory response syndrome (SIRS) with fluid re-
suscitation, pain control, and nutritional care [7].

Nutritional care plays a key role in mitigating the
sequelae of SIRS. Oral nutrition (ON) and enteral nu-
trition (EN) are thought to promote the integrity of the
gut mucosal barrier by preventing luminal mucosal atro-
phy, hence reducing gut permeability and the resulting
bacterial translocation that potentiates AP-associated
SIRS, multiorgan failure, and infection [8]. The SIRS
also induces a highly catabolic state that increases meta-
bolic demand, causing a negative nitrogen balance that
promotes malnutrition. Therefore, the goals of nutritional
care in AP are to prevent malnutrition, correct a negative
nitrogen balance, reduce inflammation, and improve
outcomes [9]. Based on the current evidence, an algo-
rithm on the nutritional management of patients with AP
is provided (Fig. 1).

Malnutrition Risk Screening and Assessment in

Acute Pancreatitis

While patients with predicted mild to moderately
severe AP should be screened for malnutrition within
the first 48 h after admission using an appropriate
validated tool, those with predicted severe AP should
always be considered at nutritional risk. According to
current guidelines, the Nutrition Risk Screening-2002
(NRS-2002) tool is the recommended screening strategy
(Table 1) [1, 10]. However, as some risk groups with
specific nutritional needs such as alcohol users and obese
patients may be incorrectly evaluated when NRS-2002 is
used alone, nutritional assessment should also comprise a
complete evaluation of the patient, including comorbid
conditions, function of the gastrointestinal tract, and risk
of aspiration [1]. Subjects identified as at nutritional risk
should be referred to the hospital nutrition department to
undergo a thorough nutritional assessment, establish a
nutritional diagnosis, and aid in defining a nutritional
care plan and respective monitoring in conjunction with
the multidisciplinary team responsible for the patient’s
management.

Nutritional Therapy in Acute Pancreatitis

Historically, the initial management of AP prioritized
“pancreatic rest” with nil per os and total parenteral nu-
trition (PN) with the rationale that patients would be at risk
for worsening clinical course if the pancreas was stimulated
by ON or EN. However, many studies showed that timely
administration of ON or EN can help protect the gut
mucosal barrier and reduce bacterial translocation, thereby

Curdia Gongalves/Capela/Cotter
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Patient with acute pancreatitis

First 48 hours {
¥

Malnutrition risk screening (NRS-2002)
Nutritional assessment

AP etiology and severity assessment
|

¥
Yes
Fasting for 24-48 hours )4—| Hypertriglyceridemic AP? |
Nol
¥ v
| Predicted MAP or MSAP | | Predicted SAP |
Initiate | No MNausea, vomiting, D
ON F abdominal pain?
Yes
L 4
Tolerance No Initiate EN in 24-72
to ON? hours from admission |
[
Yes l s ¥ L
Maintain Tolerance Not achieving EN
ON to EN? nutritional goals contraindicated
[ i [
Yes s 1
Maintain Initiate PN within 3-7
EN days from admission

Fig. 1. Algorithm suggesting nutritional management in AP. AP, acute pancreatitis; EN, enteral nutrition; MAP,
mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; NRS-2002, Nutrition Risk Screening-2002;
ON, oral nutrition; PN, parenteral nutrition; SAP, severe acute pancreatitis.

reducing the local and systemic complications and death [9,
11-14]. Therefore, in patients with predicted mild or
moderately severe AP, ON is recommended as soon as
clinically tolerated, independently of serum lipase concen-
tration [7, 15]. Upfront ON with a soft diet seems to be
more beneficial regarding caloric intake and equally toler-
ated compared with clear liquid diets [16-18]. An exception
to these recommendations is the management of hyper-
triglyceridemic AP in which fasting for 24-48 h might be
one of the suggested approaches for decreasing serum
triglycerides [19]. Even though some patients with AP
may develop intolerance to ON, strategies to improve
tolerance, like the use of smaller and more frequent meals,
adjustment of the dietary fat content and consistency, and
use of antiemetic and prokinetic agents, should be consid-
ered before changing to EN [9].

In patients unable to tolerate ON, EN is preferred to PN
and should be started early, within 24-72 h of admission

Nutrition in Pancreatic Diseases

according to energy requirements calculated through sim-
plistic formulas (25-30 kcal/kg/day), published predictive
equations, or indirect calorimetry [20, 21]. Numerous
studies have demonstrated that early initiation of EN in
patients with AP is associated with significantly improved
outcomes compared to PN [21-23].

Regarding optimal type of EN, a standard polymeric
diet should be used. The relatively inexpensive polymeric
feeding formulations were associated with similar feeding
tolerance and appeared as beneficial as the more expen-
sive (semi-)elemental formulations in reducing the risk of
infectious complications and mortality [24].

Current guidelines suggest using gastric access as the
standard procedure as it is cheaper and easier to place and
maintain and to implement postpyloric access only in the
case of intolerance to gastric feeding or even as the first-
line option in patients with a high risk of aspiration. For
those patients in whom nasoenteric feeding is not
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Table 1. Nutritional Risk Screening
(NRS-2002): it includes an initial

Step 1: Initial screening

screening (step 1), with four questions
that can be performed by any

Yes No

member of the multidisciplinary team, 1 Is BMI <20.5?
provided they are properly trained;
and a final screening (step 2), 2

Has the patient lost weight within the last 3 months?

performed by a nutritionist, if initial
screening is positive

3 Has the patient had a reduced dietary intake in the last week?

4 Is the patient severely ill? (e.g., in intensive therapy)

Yes: if the answer is “Yes” to any question, the screening in step 2 is performed
No: if the answer is “No” to all questions, the patient is rescreened at weekly intervals

Step 2: Final screening

Impaired nutritional status Severity of disease
Absent  Normal nutritional status Absent Normal nutritional status
Score 0 Score 0
Mild Weight loss >5% in 3 months | Mild Hip fracture; chronic patients, in
Score 1 or food intake below Score 1 particular with acute
50-75% of normal complications (cirrhosis, COPD);
requirement in preceding chronic hemodialysis; diabetes;
week oncology
Moderate Weight loss >5% in 2 months | Moderate Major abdominal surgery;
Score 2 or BMI 18.5-20.5 + impaired | Score 2 stroke; severe pneumonia;
general condition or food hematologic malignancy
intake 25-60% of normal
requirement in preceding
week
Severe Weight loss >5% in 1 month | Severe Head injury; bone marrow
Score 3 (>15% in 3 months) or Score 3 transplantation; intensive care
BMI <18.5 + impaired patients (APACHE>10)
general condition or food
intake 0-25% of normal
requirement in preceding
week in preceding week

Score of impaired nutritional status + score of severity of disease = total score. Age
if > 70 years: add 1 to total score above = age-adjusted total score. Score >3: the
patient is nutritionally at risk and a nutritional care plan is initiated. Score <3: weekly
rescreening of the patient. BMI, body mass index; COPD, chronic obstructive pulmo-
nary disease; APACHE, acute physiology and chronic health evaluation.

tolerated and/or in whom long-term EN (>30 days) is
anticipated, endoscopic placement of a feeding tube
should be considered. Patients who can tolerate feeding
through nasogastric tube are candidates for a percuta-
neous endoscopic gastrostomy, while in those who are
unable to tolerate it and/or who are at high risk for
aspiration, direct percutaneous endoscopic jejunostomy
or percutaneous endoscopic gastrostomy with jejunal
extension are reasonable options [20, 21, 25].
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Intolerance to EN is common in moderately severe to
severe AP, and strategies to improve tolerance include
changing gastric to postpyloric access, changing poly-
meric formula to a (semi-)elemental formula, and switch-
ing from bolus to continuous infusion. Additionally,
supplementing enteral formula with soluble dietary fiber
might be an option for those patients in whom diarrhea is
a bothersome symptom [20, 26]. When these methods
have failed to improve EN tolerance, use of medication,
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like antiemetics and/or prokinetics, can improve toler-
ance [9, 27, 28].

PN should be administered to patients with AP who
do not tolerate EN, are unable to reach targeted nutri-
tional requirements, or if contraindications for EN
exist. Contraindications to EN include critically ill
patients with uncontrolled shock, uncontrolled hypo-
xemia and acidosis, uncontrolled upper gastrointestinal
bleeding, gastric aspirate >500 mL/6 h, bowel ischemia,
bowel obstruction, abdominal compartment syndrome,
and high-output fistula without distal feeding access
[20, 29, 30]. The optimal timing for initiating PN is not
clear but is suggested to be within 3 to 7 days after
admission with the decision made on a case-by-case
basis.

Regarding PN prescription, a central venous access
should be preferred delivering route. Glucose should be
the preferred carbohydrate energy source, and its ad-
ministration should not exceed 5 mg/kg/min. Lipids
provide an efficient source of calories as well, and use of
intravenous lipids in AP is safe as far as hypertrigly-
ceridemia is avoided. Even though the benefit of protein
supplementation during critical illness is not clear,
guidelines recommend that 1.2-2.0 g/kg protein equiv-
alents per day can be delivered progressively. As in all
critically ill patients, a standard daily dose of multi-
vitamins and trace elements is recommended [19, 20,
29, 30]. Glutamine is a nonessential amino acid that has
been studied for its antioxidant properties and should
be considered as a supplement only in AP patients with
total PN as it may reduce complications and mortality
(21, 31].

Even though there is evidence demonstrating high prev-
alence of pancreatic exocrine insufficiency (PEI) in AP
patients both during their initial hospitalization and in
long-term follow-up, the clinical benefit of treatment of
AP-associated EPI with pancreatic enzyme replacement
therapy (PERT) is unknown. Therefore, PERT should
only be considered in AP when proven or obvious PEI is
present, most likely occurring in patients with pancreatic
necrosis and those with alcohol-related AP [32, 33].

Nutrition in Chronic Pancreatitis

CP refers to a syndrome that involves chronic pro-
gressive inflammation, fibrosis, and scaring of the
pancreatic tissue, resulting in permanent damage to
ductal, acinar, and islet cells, with consequent loss of
exocrine and endocrine functions [34]. It is a serious
condition that can have a severe impact on the quality

Nutrition in Pancreatic Diseases

Table 2. Malnutrition Universal Screening Tool (MUST): a
five-step screening tool to identify adults, who are
malnourished, at risk of malnutrition (undernutrition), or obese;
it also includes management guidelines which can be used to
develop a care plan

Step 1: BMI score

BMI kg/m?

BMI >20 Score 0
BMI 18.5-20 Score 1
BMI <18.5 Score 2

Step 2: Weight loss score

Unplanned weight loss in past 3-6 months

<5% Score 0
5-10% Score 1
>10% Score 2

Step 3: Acute disease effect score

If patient is acutely ill and has been or is likely to be no or
nutritional intake for >5 days, add a score of 2

Step 4: Overall risk of malnutrition

Add scores together to calculate overall risk of malnutrition

Step 5: Use of management guidelines

Routine clinical care

Repeat screening

e Hospital — every week

 Care homes - every month

o Community — every year for special
groups, e.g., those >75 years

Observe

o Hospital - document dietary and fluid
intake for 3 days

e Care homes (as for hospital)

o Community - repeat screening, e.g.,
from 6 months (with dietary advice if
necessary)

Treat

o Hospital - refer to dietitian or
implement local policies. Generally food
first followed by food fortification and
supplements

e Care homes (as for hospital)
community (as for hospital)

Score 0 Low risk

Medium
risk

Score 1

Score >2 High risk

BMI, body mass index. MUST is reproduced here with the
kind permission of BAPEN (British Association for Parenteral and
Enteral Nutrition); for further information on “MUST” see www.
bapen.org.uk.

of life in addition to life-threatening long-term seque-

lae, such as malnutrition, diabetes mellitus, and
PC [35].
GE Port ] Gastroenterol 5
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Patient with chronic pancreatitis

| }

} }

Screening for malnutrition Evaluation of PEI
(2 out of 3 make PEI very likely)
MUST/NRS-2022

Anthropometry *  Symptoms of maldigestion

Evaluation of
endocrine function

* Serum glucose

Assess Life Style
osteopathy
(osteopenia/ostecporesis) * Smoking cessation

* Alcohol avoidance

Biochemical markers *  Biochemical markers * HbAlc + DEXA * Physical exercise
Imaging *  Pancreatic Function Tests
(Risk of) Malnutrition? | | PEI? | | Diavetesmelitus? | | Osteopathy?
Yes l Yes 1 Yes l Yes i
MNutritional advice and [ PERT | | Endocrinology referral |
support Calcium/vit D
supplements
* Oral nutritional +
supplements bone specialist referral
* Enteral Nutrition
* Parenteral Nutrition
| Assess efficacy |
Yes | No

Optimize PERT
Increase dose
Add proton pump inhibitor
Exclude other causes of
malabsorption

Maintain PERT |

Fig. 2. Algorithm suggesting nutritional management in CP (adapted with permission from Pezzilli R, et al. [42]).
DEXA, dual-energy X-ray absorptiometry; MUST, malnutrition universal screening tool; NRS-2002, Nutrition
Risk Screening-2002; PEI, pancreatic exocrine insufficiency; PERT, pancreatic enzyme replacement therapy; CP,

chronic pancreatitis.

Malnutrition in patients with CP is common but
often a late manifestation of the disease [36]. Conse-
quences of malnutrition include decreased functional
capacity and quality of life and increased risk of devel-
oping significant osteopathy, postoperative complica-
tions, hospitalization, and mortality [21, 37]. Multiple
causes contribute to nutrient deficiency and malnutri-
tion in patients with CP, namely pancreatic insuffi-
ciency (both exocrine and endocrine), abdominal
pain and related anorexia, delayed gastric emptying
(from duodenal stenosis or extrinsic compression from
pseudocysts), alcohol abuse, and smoking [38]. Additionally,
increased resting energy expenditure has been reported in up
to 50% of patients with CP, which leads to a negative energy
balance and malnutrition [39].

Malnutrition Risk Screening and Assessment in

Chronic Pancreatitis

Patients should undergo initial screening either with the
community malnutrition universal screening tool (Table 2)
or hospital NRS-2002 (Table 1) [19]. Nutritional assessment
should be completed with symptoms, anthropometry (body

6 GE Port ] Gastroenterol
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mass index, triceps skin-fold, midarm circumference, and
hand-grip strength), biochemical evaluations, and body
composition (using bioelectrical impedance analysis of
CT scan), ideally in the setting of a multidisciplinary group,
including dieticians [21]. Body mass index alone is an
unreliable marker of malnutrition as sarcopenia may be
present in obese patients [40]. Active screening for micro-
and macronutrient deficiencies (i.e., folate, vitamins A, D, E,
and B12, calcium, selenium, zinc, magnesium, iron, albu-
min, prealbumin, retinol-binding protein, transferrin)
should be performed regularly, at least once a year, or
more frequently in those with severe disease and uncon-
trolled malabsorption, with prompt supplementation ac-
cording to recent micronutrient guidelines in case of low
concentrations or if clinical signs of deficiency occur [21, 35,
41]. An algorithm regarding the nutritional management of
patients with CP is suggested (Fig. 2).

Nutritional Therapy in Chronic Pancreatitis

In patients with CP, a low-fat diet is unnecessary and
may even predispose to malnutrition, weight loss, and
deficiencies of lipid-soluble vitamins [35]. Therefore,

Curdia Gongalves/Capela/Cotter
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while patients with an adequate nutritional status
should adhere to a well-balanced diet, those with
malnutrition should be advised to consume a high-
protein (1-2 g/kg/day) and high-energy diet (at least 35
kcal/kg/day), divided into 5-6 meals per day [21]. The
only restrictions to be considered are to avoid diets with
high content of fiber (as it may increase symptoms of
flatulence and decrease the action of PERT) and to
adhere to low-fat diet as a last resort when symptoms of
steatorrhea cannot be controlled with optimized
PERT [43].

When ON is insufficient for reaching caloric and
protein goals, oral nutritional supplements (ONSs)
should be prescribed, a practice that is only necessary
in about 20% of the patients [21]. As medium-chain
triglycerides are less dependent on lipase activity for their
absorption, their use in patients with CP has been studied.
However, not only do they have an unpleasant taste and
gastrointestinal adverse events, but their benefits have not
been consistently proved, so they are not routinely
recommended [44].

In patients in whom ON with dietary counseling and
ONS are unable to improve nutritional status and
correct malnutrition, EN is indicated, which occurs
in approximately 5% of the patients with CP [19]. In
those patients with pain, delayed gastric emptying,
persistent nausea or vomiting, or gastric outlet obstruc-
tion, the nasojejunal route is the preferred for EN
administration. When long-term EN (>30 days) is
anticipated, percutaneous endoscopic gastrostomy
with jejunal extension, percutaneous endoscopic jeju-
nostomy, endoscopic ultrasound-guided gastroenteros-
tomy, or surgical jejunostomy should be considered
[21]. Despite being more expensive, (semi-)elemental
formulas with medium-chain triglycerides are more
adapted to jejunal nutrition and can be used when
standard polymeric formulas are not tolerated. When
EN is needed and concurrent PEI is present, pancreatic
enzymes can be administered with the formula by
opening the capsules and suspending the enzyme mi-
crospheres in thickened acidic fluid (such as “nectar-
thick” fruit juice) for delivery via the feeding tube [21].

PN can be associated with catheter-related infec-
tions, septic complications, hyperglycemia, and disrup-
tion of the gut mucosal barrier but is needed in <1% of
patients with CP [19, 45]. It may however be indicated
in patients with gastric outlet obstruction, need for
gastric decompression, impossibility to introduce a
tube into the jejunum, complex fistulating disease, or
in case of intolerance of EN, preferably using a central
venous access [35].

Nutrition in Pancreatic Diseases

Pancreatic Exocrine Insufficiency

PEI is defined as an insufficient production or
secretion of pancreatic enzymes (acinar function)
and/or sodium bicarbonate (ductal function) and af-
fects over 70% of patients with CP during their lifetime
[35, 46]. Despite the fact that overt steatorrhea is not
expected unless the secretion of pancreatic lipase de-
creases below 10% of normal, nutritional deficiencies
with respective clinical consequences can occur earlier
in cases of mild to moderate exocrine insufficiency.
Other common symptoms of PEI include flatulence,
abdominal bloating, cramping, or unexplained weight
loss. As patients may voluntarily change their dietary
habits to avoid or minimize symptoms, PEI is often
asymptomatic [38].

In the clinical practice, a noninvasive pancreatic func-
tion test should be performed to aid in the diagnosis of
PEL Fecal elastase-1 (FE-1) is a noninvasive simple test,
widely available, requiring only a random sample of
formed stool for analysis and is therefore the most
frequently used test in this context. Lower concentrations
of FE-1 are correlated with higher probability of PEL, but
FE-1 may not be suitable for excluding mild to moderate
PEIL Despite being less available, the '*C-mixed trigly-
ceride breath test and coefficient of fat absorption are
valid alternatives [21]. The presence of two out of three
criteria (presence of symptoms of maldigestion, biochem-
ical nutritional deficiencies, and altered pancreatic func-
tion tests) makes the diagnosis of PEI very likely [38].

PERT is the cornerstone in the treatment of PEI and
should be initiated as soon as PEI is diagnosed or
suspected as it has been shown to improve serum nutri-
tional parameters, weight, gastrointestinal symptoms,
and quality of life without significant adverse events
[47]. PERT should be administered along with snacks
and larger meals, with a minimum lipase dose of
20,000-25,000 units before snacks and 40,000-50,000
units in larger meals (in this situation, taking one half
of the total dose before the meal and the other half in the
middle of the meal) [35].

Efficacy of PERT is commonly evaluated by the relief
of gastrointestinal symptoms and the improvement of
both anthropometric and biochemical nutritional pa-
rameters, which occurs in more than a half of patients
[47]. When there is no response to PERT, several
strategies may be used, namely increasing PERT dosage
or adding a proton pump inhibitor and excluding other
causes of malabsorption such as lactose intolerance,
bile salt diarrhea, or small intestinal bacterial over-
growth, which can be present in up to one-third of the
patients [48-50].

GE Port ] Gastroenterol 7
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Pancreatic Endocrine Insufficiency in

Chronic Pancreatitis

Annual monitoring of serum glucose and glycosylated
hemoglobin levels, even in the absence of diabetes mellitus
symptoms, is also appropriate because of the high incidence
of pancreatogenic (type 3c) diabetes mellitus in patients
with CP, the frequent association of diabetes and PEI, and
the impact of undiagnosed diabetes on their nutritional
status [38]. Criteria for a diagnosis of T3cDM are fasting
plasma glucose >126 mg/dL or HbAlc >6.5%. An
HbAlc <6.5% does not rule out T3cDM due to the
limitations of this test in this patient population. Therefore,
normal HbAlc (<6.5%) should always be confirmed by
fasting plasma glucose. In the absence of unequivocal
hyperglycemia (random plasma glucose >200 mg/dL) or
in doubtful cases, results should be confirmed by repeat
testing or by the evaluation by a standard 75 g oral glucose
tolerance test (2 h fasting glucose >200 mg/dL) [35]. This is
generally an underappreciated subtype of the disease and
can be challenging to manage, particularly by the increased
risk of potential life-threatening acute complications and
the presence of brittle diabetes with rapid swings in glucose
levels in up to 25% of the patients [35, 51, 52]. For these
reasons, when diabetes mellitus is diagnosed, prompt re-
ferral to endocrinology is advised.

Bone Health and Osteopathy

Another important issue in the nutritional management
of patients with CP is the evaluation of bone health as almost
25% of patients are at risk for osteoporosis and about 65%
are at risk for osteopathy (either osteoporosis or osteopenia)
[53]. There are multiple factors contributing to osteopathy in
CP, such as chronic inflammation, smoking and alcohol
intake, low physical activity, impaired absorption of vitamin
D, and poor dietary intake and sunshine exposure.

The method of choice to identify patients with oste-
opathy is the dual-energy X-ray absorptiometry. While
baseline bone density assessment for all patients with CP
should be considered, it is certainly indicated in patients
with an additional risk factor such as postmenopausal
women, those with previous low-trauma fractures, men
over 50 years, and those with malabsorption [35].

General measures to prevent osteopathy include adequate
consumption of calcium/vitamin D, avoidance of smoking
and alcohol, regular exercise, and PERT if indicated. Addi-
tionally, daily supplement of vitamin D (800 UI) and
calcium (500-1,000 mg) should be considered in patients
with osteopenia, in whom dual-energy X-ray absorptiometry
should be repeated every 2 years. When osteoporosis is
present, referral to a bone specialist with expertise in more
specific treatments should be considered [21, 35].

8 GE Port ] Gastroenterol
DOI: 10.1159/000530835

Nutrition and Pancreatic Cancer

PC remains one of the most lethal tumors, being the
fourth most frequent cause of cancer-related death and
having a 5-year survival well below 10% [54]. Curative
treatments, which involve surgery and chemotherapy, are
only possible in a minority of patients as localized forms
of the disease are diagnosed in just about 20% of the
cases [55].

Malnutrition has been described in up to 70% of the
patients with PC, with about 40% reporting significant
weight loss at the diagnosis [56, 57]. The development of
malnutrition in PC is multifactorial and involves different
mechanisms: reduced food intake caused by abdominal
pain, gastric outlet obstruction, or anorexia; a pro-
inflammatory response and activation of several molec-
ular pathways resulting in elevated resting energy ex-
penditure and leading to sarcopenia and cachexia; mal-
absorption of nutrients related to PEIL; and finally, de-
pression, side effects of the chemotherapy, and
anatomical changes due to surgery can greatly affect
food intake [58]. Cancer-related malnutrition origins a
cascade of consequences, namely increased risk of in-
fections, postoperative complications, and prolonged
hospitalization, reduced tolerance or response to chemo-
or radiotherapy, and reduced performance status, ulti-
mately decreasing quality of life [59].

It is now well recognized that early nutritional support
in patients with PC can favorably impact survival not only
by increasing tolerance and response to disease treat-
ments but also by improving quality of life and decreasing
postoperative complications [60, 61]. An algorithm with
an approach to nutritional assessment of patients with PC
is presented (Fig. 3).

Malnutrition Risk Screening and Assessment in

Pancreatic Cancer

Latest guidelines on nutritional care in cancer patients
recommend that nutritional screening be performed in
all cancer patients from the beginning of the disease
course, in order to implement nutritional intervention
in the form of personalized plans [62]. However,
although many nutritional screening tools are avail-
able, none of them have been specifically validated for
use in PC patients [58]. Some of the suggested tools are
the previously referred NRS-2002 (Table 1) and mal-
nutrition universal screening tool (Table 2). Several
other tools to assess the nutritional status of patients
with PC are available, including bioelectrical impe-
dance analysis or serum proteins, which are frequently
used as markers of poor protein and energy intake,
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Head Body/tail 5-7 days 7-14 days
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Fig. 3. Algorithm suggesting nutritional management in pancreatic cancer. EUS, endoscopic ultrasound; FE-1,
fecal elastase-1; GOO, gastric outlet obstruction; MUST, malnutrition universal screening tool; NRS-2002,
Nutrition Risk Screening-2002; NT, nutritional therapy; ON, oral nutrition; ONS, oral nutritional supplements;
PC, pancreatic cancer; SEMS, self-expandable metal stent.

impaired liver synthesis, and a pro-inflammatory
status [58].

Patients with a positive screening test for nutritional
dysfunctions should then be offered a comprehensive
assessment of nutritional intake, symptoms, muscle
mass, degree of systemic inflammation, and physical
activity. If a deficit in one or more of those topics is
recognized, a multidisciplinary team should work togeth-
er to correct it [63].

Nutritional Therapy in Pancreatic Cancer

Although a cachexic patient is likely to consume a diet
that would be insufficient to maintain weight in a healthy
individual, it is recognized that in many patients there is
an increase in the metabolism that is responsible for
higher caloric needs [64]. When energy expenditure is
not individually measured, current guidelines suggest a
caloric intake of 25-30 kcal/kg/day and a protein intake of
1.2-1.5 g/kg/day [62].

Nutritional counseling is generally the first step to take
and involves increasing the size of meals, the number of

Nutrition in Pancreatic Diseases

snacks, or the energy value of existing meals [64]. If a
patient continues to lose weight despite these dietary
changes, then ONS may be of value, and despite the
low quality of the available evidence, several studies have
reported the likely benefit of omega-3 fatty acids on PC
cachexia, showing a trend toward stabilization or an
increase in weight and in lean body mass [64, 65].

In patients who are unable to tolerate sufficient oral
food intake, prompt artificial nutrition is recommended.
While EN should be preferred to PN due to lower costs,
fewer complications, and ability to maintain the gut bar-
rier, PN has been shown to be of benefit to the majority of
patients with pancreatic or advanced cancers [66-68].

Clinical history is essential in identifying obstructive
symptoms causing weight loss. Refractory vomiting is the
cardinal symptom of gastric outlet obstruction, generally
due to malignant infiltration of the duodenum or stom-
ach. In patients with a better life expectancy (>6 months)
and good functional status, a surgical or endoscopic
ultrasound-guided gastrojejunostomy should be per-
formed, while endoscopic placement of a duodenal
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self-expandable metal stent should be limited to patients
with a worse prognosis [69, 70]. Gastroparesis in the
absence of anatomical abnormality on CT scan is com-
mon, possibly due to direct cancer infiltration of the
autonomic nerve fibers and neurohormonal changes.
In this setting, prokinetics such as erythromycin or
metoclopramide may be useful.

Particularities of Pancreatic Cancer Treatments

In the preoperative setting, patients at risk of malnu-
trition should be given ONS for at least 5-7 days before
surgery [71]. However, patients with severe nutritional
risk (NRS-2002 >5, weight loss >10% within 6 months, or
serum albumin <30 g/L) should receive nutritional ther-
apy for a period of 7-14 days prior to major surgery even
if cancer operations have to be delayed [72].

In the postoperative period, patients can generally
resume eating solid food from the first or second day
after surgery, but a significant percentage fail to reach
caloric and protein requirements due to the occurrence
of complications [58]. Early implementation of artifi-
cial nutritional support should be considered in mal-
nourished patients, in those at high risk of developing
malnutrition or with postoperative complications, and
in any patients who cannot tolerate at least 50% of their
caloric and protein requirement by postoperative
day 7 [72].

Regarding chemotherapy, the rate of patients able to
complete planned adjuvant treatments ranges from 54%
to 72%, having prognostic impact for disease recurrence
and survival [58]. While a worse nutritional status is
associated with an increased rate of incomplete adjuvant
chemotherapy, a better nutritional status is predictive of
an enhanced local response to primary tumor as well as a
reduced rate of acute complications [73, 74]. Common
use of multidrug chemotherapy regimens can certainly
impact patients’ nutritional status. If, on one hand, their
use may increase toxicity that may impair patients’
feeding ability, on the other hand, more intense chemo-
therapy can induce better tumor response and, as a
consequence, improvement in tumor-related symptoms,
inflammatory status, body composition, and nutritional
status [75].

Pancreatic Exdocrine Insufficiency and

Pancreatic Cancer

Prevalence of PEI in operable PC has been reported as
50-100% [76] and after cancer-related pancreatic surgery as
64-100% [77]. The likelihood of developing PEI in patients
with PC depends on different aspects, namely the disease site
(head vs. body/tail of the pancreas), the disease stage (local vs.

10 GE Port ] Gastroenterol
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advanced), and the received treatments (surgical resection
of the pancreatic head or of body/tail vs. none) [42].
There are several factors contributing to PEI in PC as
follows: obstruction of pancreatic ducts due to cancer
progression with impaired enzyme and bicarbonate
delivery, primary parenchymal loss/resection related
to surgery, reduced cholecystokinin-mediated secre-
tion due to duodenal resection, and asynchrony be-
tween gastric emptying and bile and enzyme secretion
due to surgical denervation and reconstruction [78].

As stated before, several noninvasive methods to diagnose
PEI have been described, but in the context of PC, coefficient
fat absorption and '*C-mixed triglyceride breath test have
the highest accuracy. However, their lack of availability is a
barrier for their use in the clinical practice [79]. When the
pretest probability of PEI is very high, the presence of
symptoms or clinical and laboratory evidence of maldiges-
tion should lead to the decision to start PERT, irrespective of
the result of a diagnostic test. Therefore, in patients with
pancreatic head cancer, either unresectable or submitted to
surgical resection, the expected PEI prevalence is so high that
PERT should be started immediately. Conversely, in patients
with pancreatic body/tail cancer, PEI should be tested by FE-
1 and PERT be started only in the presence of low FE-1 levels
or symptoms of maldigestion [42].

While some recent studies showed that PERT sig-
nificantly impacts quality of life and survival even in
the setting of metastatic disease [80, 81], others re-
ported worrying analysis, in which only about 20% of
the patients were adequately treated with PERT [82].
In the setting of PC, PERT should be started with
higher doses than those used in CP (50,000-75,000
units of lipase with meals and 25,000-50,000 with
snacks or supplements). Moreover, as after pancrea-
ticoduodenectomy the secretion of bicarbonate may
be impaired and the acidic environment of the duo-
denum and proximal jejunum may lead to inefficient
activation of pancreatic enzymes, concurrent use of
proton pump inhibitors is suggested in operated
patients [42].

Pancreatic Endocrine Insufficiency and

Pancreatic Cancer

Due to ductal obstruction associated with acinar in-
flammation and fibrosis replacement of the exocrine
pancreas, patients with PC can also exhibit pancreatic
endocrine insufficiency, resulting in diabetes mellitus
[51]. Plasma glucose should be regularly monitored
and if diabetes is diagnosed, endocrinological evalua-
tion should be sought. Importantly, hypoglycemia may
occur on glucose-lowering treatment if the patient
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develops upper intestinal obstruction, cachexia, or
steatorrhea, all of which may necessitate dose reduc-
tion. On the contrary, hyperglycemic states can be
precipitated by chemotherapy infusions in dextrose
solutions, by steroids such as dexamethasone used
for appetite stimulation, or by PERT which facilitates
sugar absorption [83]. Surgical resections for the treat-
ment of PC can also impact endocrine function, which
has been described to be worsened, improved, or un-
changed after surgery [55]. New onset of diabetes
mellitus after surgery may occur after duodenopan-
createctomy in up to 40% but is more frequent after
distal pancreatectomy [55].

Conclusion

The incidence of pancreatic disorders such as AP, CP,
and PC is currently increasing, and adequate nutritional
care has been shown to improve patients’ outcomes in all
of them. In an era of personalized medicine, tailoring of
nutrition care for each patient should be pursued as soon
as the diagnostic is established, leading to an appro-
priate nutritional care plan. As awareness of nutri-
tional issues in pancreatic diseases increases among
gastroenterologists, they should become prepared to
lead multidisciplinary teams with surgeons, dieticians,
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