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Simple Summary: Malnutrition, cachexia, and sarcopenia are very common problems in PC patients
and are associated with an increased risk of chemotherapy-related toxicity, shorter survival, and
reduced quality of life (QoL). Approximately 80% of PC patients report weight loss at diagnosis, and
70.3% of patients develop malnutrition during chemotherapy (CT). Early diagnosis of nutritional
problems is the first key point in the proper management of nutritional treatment in patients with
pancreatic cancer. Healthcare managers, healthcare professionals, PC patients, and their families
should be aware of the importance of nutritional status and the role of nutritional management in
clinical outcomes and the quality of life of PC patients.

Abstract: Patients with pancreatic cancer who develop irreversible cancer cachexia have a life
expectancy of less than 3 months. Therefore, it is extremely important to evaluate the patient’s
nutritional status as early as possible and to implement an appropriate nutritional intervention in
order to reduce the risk of further weight loss and/or muscle loss, which affect the outcomes of cancer
treatment and the correct nutritional treatment in patients with pancreatic cancer. A literature review
was performed by using the PubMed and Cochrane quick search methodology. The main purpose of
this review was to present the current approach to nutritional treatment in pancreatic cancer. The
review included publications, most of which concerned clinical nutrition as part of the phase of
treatment of patients with pancreatic cancer, nutritional and metabolic disorders in pancreatic cancer,
and the period after pancreatic resection. Some of the publications concerned various nutritional
interventions in patients with pancreatic cancer undergoing chemotherapy or surgical treatment
(nutritional support before surgery, after surgery, or during palliative treatment). There is an unmet
need for integrated nutritional therapy as a key part of the comprehensive care process for PC patients.
Nutritional counseling is the first line of nutritional treatment for malnourished cancer patients, but
pancreatic enzyme replacement therapy also constitutes the cornerstone of nutritional treatment for
relieving symptoms of indigestion and maintaining or improving nutritional status.
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1. Introduction

In 2020, with 495,773 new cases, pancreatic cancer (PC) was the 12th most common
cancer in the world and the seventh leading cause of cancer-related deaths [1]. The preva-
lence is higher in industrialized countries than in developing countries, suggesting that
environmental factors play a key role as risk factors for the disease [2]. Lack of physical ac-
tivity, obesity, chronic pancreatitis, diabetes, smoking, alcohol consumption, and metabolic
syndrome are considered risk factors for the development of PC [2,3].

Malnutrition is a common problem among patients with pancreatic cancer (PC), and
this negatively affects their quality of life (QoL) and the effectiveness of treatment. The
main purpose of this article is to present the current state of knowledge on nutritional
treatment in pancreatic cancer and to analyze various nutritional interventions affecting
clinical outcomes in PC patients.

No recommendations and guidelines for nutritional treatment for patients with pan-
creatic cancer have been developed so far, despite the fact that nutritional intervention
in PC patients should be a routine procedure. Nevertheless, there is an unmet need to
integrate nutritional treatment as a key part of the multidisciplinary care process for PC
patients. Healthcare professionals, cancer patients, and their families should be aware
of the importance of nutritional status and medical nutrition therapy (MNT) for clinical
outcomes and the quality of life of PC patients.

Under physiological conditions, the pancreas performs both endocrine and exocrine
functions. The endocrine function of the pancreas regulates metabolism in the body
through the production of insulin, glucagon, and other hormones, while the exocrine
function is primarily responsible for the production of enzymes that are necessary for the
digestion of fats, carbohydrates, and proteins [4]. Pancreatic exocrine insufficiency (PEI)
manifests as nutrient malabsorption accompanied by jaundice, unintentional weight loss,
anorexia, epigastric pain, early satiety, and symptoms such as nausea, involuntary vomiting,
dehydration, diarrhea, and steatorrhea, and, consequently, protein–energy malnutrition,
while hormonal failure most often leads to the development of diabetes [5,6].

Unintentional weight loss is usually the first symptom of pancreatic cancer. Several
studies have shown that it affects 50–80% of cancer patients, is a factor depending on
the location, stage, and type of tumor, and is closely related to malnutrition and cancer
cachexia [7,8]. Pancreatic cancer is one of cancers with a higher incidence of weight loss
compared to other cancers [9].

Malnutrition and sarcopenia are common problems in PC patients and result from the
advanced stage of the disease and increased toxicity of chemotherapy, resulting in shorter
survival and reduced quality of life (QoL) [10–12]. Approximately 80% of PC patients
report weight loss at diagnosis. More than a third of patients lose >10% of their body
weight. Moreover, 70.3% of patients develop malnutrition during chemotherapy (CT) [10].

Malnutrition in cancer patients is multifactorial and results from, among other things,
reduced energy and protein intake and increased energy demand of the body. It is accom-
panied by a progressive loss of muscle and bone mass and, consequently, a decrease in
cognitive functions and an increased incidence of other diseases [9].

Cancer-related malnutrition is defined as a multifactorial syndrome characterized
by progressive loss of skeletal muscle mass (sarcopenia) with the loss (less often with-
out loss) of adipose tissue, which cannot be fully reversed by conventional nutritional
support [13]. Depending on the severity of malnutrition, the following syndromes have
been distinguished and are presented in Table 1.
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Table 1. Degrees of malnutrition severity [13].

(1) Precachexia (includes early clinical and
metabolic symptoms preceding significant,
involuntary weight and muscle loss):

- weight loss < 5% + anorexia and
metabolic changes

(2) Cachexia
- weight loss > 5%
- BMI < 20 and weight loss > 2%
- sarcopenia and weight loss > 2%

(3) Advanced (irreversible) cachexia

- variable degree of cachexia
- ineffective cancer treatment
- increased catabolism
- low overall performance
- expected survival < 3 months

A prospective multicenter cohort study showed that as many as 71% of patients with
pancreatic cancer had cachexia at diagnosis, but only 56% of them received nutritional
counseling [14]. Therefore, an important goal among patients with pancreatic cancer
is to improve their nutritional status and prevent cachexia and malnutrition [15]. The
diagnosis of patients at risk of malnutrition and cancer cachexia and the provision of early
and appropriate nutritional support are mandatory in all patients with pancreatic cancer
starting from the early stages of the disease. It may be beneficial and may affect the outcome
of treatment and the quality of life of patients.

To guarantee the best possible effectiveness, appropriate multidisciplinary cooperation
of various specialists (e.g., physicians, clinical nutritionists, psycho-oncologists, and nurses)
with specific skills and training in the field of nutritional treatment of cancer patients
is required.

2. Causes and Pathomechanism of Malnutrition in Patients with PC

Malnutrition in patients with pancreatic cancer is multifactorial and is associated with
pain, malabsorption, and complex psychological and social factors.

The mechanisms involved in malnutrition associated with pancreatic cancer are nu-
merous and can be divided into catabolic effects due to inflammation, energy, and other
nutrient losses resulting from pancreatic dysfunction and anatomical changes resulting
from cancer and the side effects of surgical and medical procedures [16].

External compression caused by the tumor or its surgical resection may cause anatom-
ical changes, including mechanical obstruction of the gastrointestinal tract, thus leading
to pain or symptoms that affect nutrient intake or absorption, e.g., fatigue, dysphagia,
gastroparesis, constipation, and pancreatic insufficiency, leading to exocrine (steatorrhea)
and endocrine (diabetes) disorders; this may disrupt the energy balance by increasing the
loss of nutrients (mainly fatty acids). PC causes narrowing of the duodenum or stomach by
tumor infiltration or compression, leading to intestinal obstruction (clinically manifested
by nausea and vomiting). In patients with tumors located in the head of the pancreas,
infiltration or compression of the intrapancreatic common bile duct leads to jaundice and
numerous disorders of bile secretion and bile flow to the duodenum. This is due to reduced
fat digestion and reduced absorption of fat-soluble vitamins. Advanced jaundice leads to
liver failure. Moreover, in both proximal and distal tumor locations, exocrine pancreatic
insufficiency, which is secondary to pancreatic duct insufficiency, leads to indigestion and
malabsorption of all nutrients. In addition, surgical resection of the tumor on the head of
the pancreas, i.e., pancreatic duodenotomy, may exacerbate pancreatic insufficiency and
reduce oral food intake [4].

In addition, chemotherapy, which is the core of treatment in PC patients, causes side
effects such as nausea, anorexia, and vomiting, thus contributing to weight loss and sar-
copenia. In addition, radiotherapy may cause side effects in patients with pancreatic cancer,
i.e., diarrhea, constipation, abdominal pain, problems with the absorption of nutrients, and
others, which may also worsen the nutritional status of patients and increase the risk of
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malnutrition in this group of patients. In patients with pancreatic cancer, postoperative
changes in nutritional status also occur. Surgery of the pancreas significantly affects the
pancreatic function and the nutritional status of patients. Patients undergoing pancreatico-
duodenectomy (PD) may develop complications such as pancreatic fistula, delayed gastric
emptying, dumping syndrome, weight loss, and nutritional deficiencies [16].

Vitamin deficiencies occurring after PD due to bowel resection, altered anatomy of the
gastrointestinal tract, and insufficient levels of pancreatic enzymes may also contribute to
the deterioration of the nutritional status of patients. Patients are at high risk of vitamin
B12 deficiency and often require monthly injections [4].

An important role in the development of cancer cachexia is played by inflammation
and its catabolic consequences. The catabolic effects resulting from inflammation influence
weight loss and the development of sarcopenia and mediate several cytokines released by
the cancer itself and the patient’s immune system. In PC cachexia, interleukin-1 (IL-1), IL-6,
IL-8, and tumor necrosis factor ᾳ (TNF-ᾳ) were found to be the most involved factors. In
particular, TNF-ᾳ has been highlighted as a major pro-cachectic factor involved in lipolysis,
proteolysis, insulin resistance, and muscular dystrophy [16].

Chronic inflammation exerts its effects by interfering with the functions of several
tissues as well. First of all, chronic inflammation contributes to the damage of β-pancreatic
cells, which can lead to changes in insulin metabolism. In addition, IL-1 has been shown
to regulate hypothalamic serotonin release in experimental models. Serotonin, in turn,
contributes to the constitutional activation of POMC/CART (cocaine- and amphetamine-
regulated transcript) neurons, resulting in an anorexic effect and decreased appetite [16].

Pancreatic exocrine insufficiency (PEI) may also contribute to the development and
severity of malnutrition in pancreatic cancer. It is characterized by a deficiency of pancreatic
enzymes that are necessary for the absorption of fat, fat-soluble vitamins, and antioxidants,
thus causing digestive disorders. Proper exocrine activity of the pancreas is character-
ized by the production of pancreatic juices consisting of pancreatic enzymes, i.e., pancre-
atic amylases and lipases, nucleases, and proteases, i.e., trypsin, chymotrypsin, elastase,
and carboxypeptidase.

PEI can develop at various stages of cancer: at the beginning of the disease, when the
primary location of the tumor is still unknown, after surgery, or during chemotherapy at
advanced stages. The incidence of PEI after pancreatic cancer surgery is reported in 50–100%
of patients after pancreaticoduodenectomy (PD) and in 0–42% with distal pancreatectomy
(DP) [4].

Finally, it should be noted that patients with PC may also exhibit hormonal failure
of the pancreas that results in diabetes, referred to as pancreatic diabetes. About 50% of
patients have insulin deficiency or diabetes at the time of cancer diagnosis.

3. Methods of the Literature Research

The PUBMED database was searched to identify studies on nutritional assessment
tools and nutritional management in patients with pancreatic cancer, as well as nutritional
interventions before and after pancreatic resection. The search terms included nutritional
assessment tools and pancreatic cancer, assessment of nutritional status and pancreatic
cancer, nutritional treatment and pancreatic cancer, and nutrition in pancreatic cancer.
The inclusion criteria for the review included manuscripts containing primary data on
nutritional assessment tools, assessments of nutritional status, malnutrition, cancer cachexia
and nutritional treatment, and nutrition of patients diagnosed with pancreatic cancer, a
description of the causes of malnutrition and the exocrine and/or endocrine functions of
the pancreas, and data on nutritional interventions/treatments ranging from nutritional
counseling/ONS, energy, and other nutrient needs to enteral and parenteral nutrition. We
excluded case reports, editorials, and manuscripts that focused on other gastrointestinal
cancers. Two authors assessed summaries of the publications, qualifying them for further
analysis. The potentially eligible publications were then independently assessed by two
other authors.
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4. Assessment of Nutritional Status

Detecting the early signs of malnutrition is crucial not only at the time of diagnosis,
but also at every stage of treatment. Various nutritional screening tools have been validated
for cancer patients and are effective in identifying patients at nutritional risk who may
benefit from nutritional treatment [17]. Unfortunately, they are still rarely used [18]. About
50% of malnourished patients still do not receive adequate nutritional support, which
may be, at least in part, due to the fact that the attitude toward the issue of nutritional
support for cancer patients varies greatly among oncologists. Insufficient awareness and
lack of organized teamwork between oncologists and clinical nutritionists are among the
key critical factors that need to be addressed to improve cancer care. Moreover, difficulties
in developing a consistent and harmonized nomenclature and the lack of high-quality,
evidence-based randomized clinical trials (RCTs) on the effectiveness of nutritional inter-
ventions are among the obstacles to the proper detection and treatment of malnutrition
and cancer cachexia. In the article by Caccialanza et al. on Italian centers, the daily work of
medical professionals in identifying malnutrition was assessed, showing that only 16% of
oncology departments routinely used validated tools for assessing nutritional status. The
percentage of nutritional support managed by nutritionists was also disappointing—it was
provided only in 31% of oncology departments.

However, taking into account that the frequency of eating disorders in patients with
pancreatic cancer is very common [19], it seems advisable to refer each patient with pancre-
atic cancer to a specialist in clinical nutrition (clinical nutritionist) in order to implement
prophylactic nutrition monitoring and/or nutritional counseling.

In accordance with the guidelines of the European Society for Clinical Nutrition and
Metabolism (ESPEN) on the nutrition of cancer patients, it is recommended to periodi-
cally assess the quality and quantity of nutrient intake and the changes in body weight
(body mass index—BMI) during cancer diagnosis, as well as to perform assessment and
reassessment of nutrition during the treatment [9].

In 2018, the Global Leadership Initiative on Malnutrition (GLIM) criteria for diagnosis
of malnutrition were published [20]. Several studies reported the association between
GLIM-defined malnutrition and survival [21–23]. The GLIM criteria have been validated
for pancreatic cancer as well [24].

The Global Leadership Initiative on Malnutrition (GLIM) [5] recommended a two-step
strategy for assessing malnutrition. The first step is to identify people “at risk of malnu-
trition” by using any of the various validated screening tools, and the second step is to
determine the degree and severity of malnutrition [5]. A combination of at least one pheno-
typic criterion (unintentional weight loss, BMI, and muscle loss) and an etiological criterion
(decreased food intake, inflammation) is recommended for the diagnosis of malnutrition.
Its severity is then classified as moderate (stage 1) or severe (stage 2) [5].

Various screening tools for examining nutritional status have been developed and
validated to identify patients at risk of malnutrition, e.g., SGA, MUST, and NRS 2002 [9].
These tools, in conjunction with other parameters, including BMI and other serum markers,
e.g., albumin and prealbumin, may help manage strategies for improving the nutritional
status of patients with pancreatic cancer [5]. Among the various screening tools, the
Malnutrition Universal Screening Tool (MUST) has been validated with high sensitivity and
specificity for predicting postoperative morbidity [25]. A higher MUST score is associated
with increased morbidity and mortality in PC patients [4]. MUST is a five-step tool that
is used in nutritional research and is designed to diagnose malnutrition among adults or
those at risk of malnutrition [26].

This tool is recommended for use in patients during hospitalization. MUST assesses
the patient’s body mass index (BMI), evaluates the percentage of body weight lost in the last
3–6 months, and assesses whether the patient is unable to eat for more than 5 days, which
means that the patient receives an additional two points. Then, all of the points are summed
up; a score of zero points indicates a low risk of malnutrition, a score of one point indicates
a medium risk of malnutrition, and a score of two points or more indicates a high risk of
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malnutrition. A Spanish group of experts in surgery, radiotherapy, nutritional therapy, and
oncology recommended this tool as a screening tool for assessing the nutritional status
of patients with PC. Table 2 contains information on further decisions made in patients
depending on the obtained MUST score.

Table 2. Decision-making strategy according to the MUST score.

MUST = 0 Control and observation by the
department of oncology or surgery.

MUST = 0 (no risk of malnutrition).
Nutritional assessment every

2 months to check whenever there
are any clinical changes that may

adversely affect the nutritional
status of patients.

MUST = 1

Nutritional control and treatment by
the department responsible for the
treatment of patients, starting with

nutritional counseling and oral
nutritional supplements (ONSs). The

patient must be periodically reassessed.

MUST = 1 (moderate risk of
malnutrition): assess nutritional

status within 2–3 weeks.

MUST ≥ 2 The patient must be referred to the
nutrition department.

MUST ≥ (high risk of malnutrition):
assessment within 5–7 days.

According to the recommendations of ESPEN and ASPEN (American Society of
Nutritional Treatment and Metabolism), each patient with pancreatic cancer admitted to
the hospital should have a screening assessment of their nutritional status, and in the case
of malnutrition, they should have a detailed assessment. The aforementioned Nutrition
Risk Score (NRS 2002) or Subjective Global Assessment (SGA) scales are recommended [9].
The NRS 2002 and SGA scales are discussed in Table 3.

The International Study Group on Pancreatic Surgery (ISGPS) recommends the mea-
surement of nutritional status as part of the routine preoperative assessment in pancreatic
cancer; here, in addition to weight loss and body mass index, it is necessary to measure
sarcopenia and sarcopenic obesity because they are strong predictors of unsatisfactory
short- and long-term outcomes. Body composition and, in particular, the measurement of
muscle mass and visceral adipose tissue cannot be accurately determined with the classical
subjective assessment of malnutrition because the proportions of these body parts may
be abnormal in malnourished patients, as well as in normal-weight patients and even in
obese patients [27,28]. It should be remembered that patients diagnosed with obesity by
using BMI without a body composition assessment may still have sarcopenia. It has been
proven that a loss of muscle mass before surgery results in poorer outcomes after pancreatic
resection. It is very important when assessing a patient’s nutritional status before surgery,
in addition to assessing body weight and BMI, to assess body composition and whether the
patient has sarcopenic obesity or sarcopenia because they are predictors of poorer outcomes
in patients after surgery [29]. It has been proven that the loss of muscle mass significantly
affects the hospitalization time, making it longer and increasing the risk of postoperative
pancreatic fistula. It has been shown that “sarcopenic obesity”, i.e., reduced muscle mass
and excess visceral fat in the abdominal cavity, is a significant factor that increases the risk
of mortality associated with surgery [27,30–33].

Considering the long-term outcomes, patients with sarcopenia live for a shorter time
than patients without sarcopenia [34–36], and the development of sarcopenia has been
associated with earlier disease recurrence [33] and with poorer tolerance to adjuvant
chemotherapy [37].
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Table 3. Description of the NRS 2002 (nutrition risk score) and the SGA (subjective global assessment).

Nutrition Risk Score—NRS 2002

The test consists of the evaluation of four elements:

Is the patient’s BMI below 20.5?
Has the patient lost weight in the last 3 months?
Has the patient eaten less in the last week?
Is the patient in a serious condition (e.g., in the intensive care unit)?

If the answer to any question is positive, proceed to the second part of the study. If all answers are
negative, the examination should be performed in a week.

NRS 2002 Part 2

One appropriate degree of nutritional status disorder and disease severity should be selected. If
the sum of the points is:

≥3—the treating physician should be notified, and a nutritional intervention should be
implemented.
≤3—malnutrition is unlikely; repeat assessment in 7 days.

Subjective Global Assessment—SGA

The test consists of evaluating the following elements:

- Age, height, body weight
- Changes in body weight
- Changes in food intake
- Gastrointestinal symptoms
- Physical fitness
- Disease vs. the need for nutrients
- Physical examination

If the SGA result is A, the assessment should be carried out in a week; if the SGA result is B or C,
then detailed assessment of the nutritional status should be performed immediately.

Well-defined limits for lean muscle mass and visceral fat have been widely validated
in cancer patients, and quantitative abdominal computed tomography (CT) has been
recognized as the gold standard for assessing muscle mass and fat mass in cancer patients.
It allows for the quantification of different body compartments without performing other
body composition tests [38].

A recent meta-analysis [39] assessed the impact of the CONUT (CONTROLLING
NUTritional status) screening tool on the prognosis of patients with pancreatic cancer.
The CONUT score is calculated with the following parameters: serum albumin, total
lymphocyte count, and total cholesterol. Nutritional statuses with scores of 0–1, 2–4, 5–8,
and 9–12 are normal, mild, moderate, and severe, respectively. The higher the CONUT score,
the worse the nutritional status. The CONUT score can be used as an effective prognostic
factor in clinical practice. It is not fully understood how biological mechanisms influence
the prognostic value of the CONUT score in relation to poor OS in pancreatic cancer
patients, but it can be explained as follows [39]. Serum albumin is a recognized indicator of
nutritional status and is related to systemic inflammation [40]. It has been proven that poor
survival of cancer patients is related to hypoalbuminemia before treatment [41]. Secondly,
low lymphocyte counts in cancer patients may lead to poor survival by weakening the
immune response [42]. Thirdly, a level of cholesterol below the norm may affect the
anticancer activity of immunocompetent cells [43]. Therefore, the combination of low
cholesterol, low serum albumin, and low lymphocyte counts may be associated with poor
survival of pancreatic cancer patients and low CONUT scores. Review of the literature
on tools for assessing nutritional status in patients with pancreatic cancer is presented
in Table 4.
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Table 4. Review of the literature on tools for assessing nutritional status in patients with pancreatic
cancer.

Author Year Methodology Results Conclusions

Kato et al. [44] 2018 Retrospective studies

The high-risk CONUT group had
significantly lower overall survival than
the low-risk CONUT group. The CONUT
score had an independent relationship with
overall survival. The CONUT score
showed no association with postoperative
pancreatic fistula or postoperative
hospitalization.

The CONUT score was
independently associated with
survival in patients with PDAC after
pancreatectomy and was not
associated with recurrence or
postoperative complications.

Menozzi et al. [45] 2023 Retrospective studies

Weight loss affected postoperative
morbidity/mortality, and decreased
muscle mass was an independent predictor
of postoperative peptic hemorrhage. There
was no relationship between the
parameters of nutritional status before
surgery and the length of hospitalization,
30-day re-intervention, pancreatic fistula,
biliary fistula, and delayed gastric
emptying.

Impaired nutritional status prior to
pancreatic surgery affects many
postoperative outcomes.
Measurement of nutritional status
supported by CT analysis of body
composition parameters, especially
muscle mass, should be the gold
standard of preoperative assessment
in order to obtain early and
appropriate nutritional support.

Vashi et al. [46] 2015 Retrospective studies

SGA was an independent predictor of
survival. Patients with lower SGA had a
risk of death that was 1.5 times greater
than that of patients with higher SGA.

The improvement in SGA during PC
treatment was correlated with a
significantly reduced risk of
mortality regardless of gender,
history of prior treatment, and
evidence of antitumor biological
activity. Maintaining or improving
nutritional status during pancreatic
cancer treatment was associated with
better outcomes.

Zhou et al. [47] 2022 Prospective studies

Phase angle (PhA) value: The values in the
nutritional risk group and the
malnourished group were significantly
lower than those in the properly nourished
group. PhA was positively correlated with
nutritional status. The PhA value of the
group with postoperative complications
was significantly lower than that of the
group without complications.

PhA was associated with nutritional
status and can be considered a tool
for assessing nutritional status in
patients with pancreatic head cancer
and predicting postoperative
complications in patients who have
undergone PD.

Mao et al. [48] 2020 Retrospective studies

Both a low PNI (≤45) and a high CONUT
(≥3) were independent risk factors for poor
overall survival. CONUT may have greater
sensitivity and specificity in predicting
complications and survival.

Preoperative low PNI (≤45) and
high CONUT scores (≥3) may be
reliable predictors of prognosis and
surgical complications in patients
with PDAC. Compared to PNI,
CONUT can be more effective.

Phillips et al. [49] 2022 Systematic review

Studies were mainly limited by
retrospective designs. A meta-analysis
could not be performed due to
heterogeneity in study design and
reporting methods. Patients with PC had a
deterioration of their nutritional status, and
44–63% of patients undergoing
neoadjuvant chemotherapy had low
muscle mass before starting treatment.

There is a shortage of data on
nutritional intervention in pancreatic
cancer. Future work should include
the use of validated functional and
clinical assessment tools to further
explore the impact of nutritional
intervention and the relationship
between nutritional status and
outcomes.

Jabłońska et al. [50] 2021 Retrospective studies

Higher nutritional risk according to NRS
2002 was significantly associated with
older age, greater weight loss, lower BMI,
lower total lymphocyte count, longer
hospitalization, neoadjuvant
chemotherapy, and preoperative biliary
drainage. Low PNI was significantly
associated with greater body weight loss,
lower total serum protein and albumin
concentrations and lymphocyte counts,
higher neutrophil/lymphocyte counts
(NLR), and length of hospitalization.

Eating disorders were correlated
with a systemic inflammatory
response in PC patients. Obesity
(BMI ≥ 30 kg/m2) and malnutrition
(NRS 2002 ≥ 3) predicted
postoperative complications that
were associated with a longer
hospitalization.
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5. Nutritional Treatment
5.1. Nutritional Counseling

Nutritional counseling should be the first step of the nutritional intervention in patients
before treatment for pancreatic cancer is commenced, during the treatment, and after the
treatment. An analysis of a patient’s diet by a qualified nutritionist with experience in
working with a cancer patient and the detection of deficiencies in the intake of nutrients,
vitamins, and minerals, as well as assistance in changing diets to make up for these
nutritional deficiencies, is the first step in reducing the risk of developing malnutrition
or other eating disorders and their further aggravation [51]. It has been proven that early
dietary counseling among patients with pancreatic ductal adenoma (PDAC) improves not
only the nutritional status, but also survival [52]. The Enhanced Recovery After Surgery
(ERAS) guidelines also recommend an oral diet as a routine nutritional strategy for patients
after pancreatoduodenectomy (PD) [53].

The ESPEN guidelines recommend an energy intake of 25–30 kcal/kg/day and a
protein intake above 1.0 g/kg/day or, if possible, up to 1.5 g/kg/day [54]. Protease
supplements should be considered in the case of high-protein diets. In a prospective cohort
study on protein intake after initiation of chemotherapy in patients with nonresectable
pancreatic cancer, a protein intake of <1.1, which is at the lower end of the recommended
intake, was identified as a poor independent prognostic factor in patients with nonresectable
pancreatic cancer [54]. Studies have confirmed that insufficient protein intake leads to
poorer clinical outcomes and that effective nutritional intervention to meet protein needs
should be undertaken as early as possible.

In general, cancer patients’ diet should be as normal as possible, and fat restriction
and high-fiber diets should be avoided. Small, frequent, high-calorie meals are generally
recommended because they are easier to digest than large meals.

Muscle depletion is considered a poor prognostic factor in patients with advanced
pancreatic cancer [54]. Since adequate protein intake is essential for the maintenance of
normal muscle mass, it is suspected that the effect of protein intake on survival may be
related to the preservation of muscle mass. Therefore, further studies are needed to explain
the mechanisms underlying the beneficial effects of the intake of >1.1 g/kg/day of protein
on survival in patients with pancreatic cancer.

5.2. Oral Nutritional Supplements

Since loss of appetite and consequent reduced calorie and protein intake are common
symptoms in PC patients, the use of oral nutritional supplements (ONSs) may be indicated
as an effective strategy for nutritional support and as a second step after nutritional counsel-
ing in patients with pancreatic cancer with difficulties in achieving 100% of macronutrients
and micronutrient needs from their diet alone [26]. ONSs are used by about 20–55% of
patients with pancreatic cancer [26]. They should be regularly reviewed to assess their
effectiveness and control possible side effects, and the dosage should be adjusted, as in
the case of any medication [26]. Specialists responsible for the treatment of patients with
pancreatic cancer must undergo nutritional training in order to prescribe and properly
monitor the use of ONSs in patients with PC.

Moreover, the use of ONSs seems to have a direct impact on malnutrition. Two studies
have shown significant reductions in Patient-Generated Subjective Global Assessment
(PG-SGA) scores after eight weeks of intervention with high-energy, high-protein ONSs.

Worldwide, studies focusing on nutritional interventions in gastrointestinal (GI) can-
cers have shown mixed results. A systematic review of patients with gastrointestinal
(gastric, esophageal, pancreatic) cancer undergoing surgery found little evidence of the
effectiveness of ONSs in terms of weight gain and increased energy intake in both the
preoperative and postoperative periods [55]. Another recent meta-analysis on the role of
oral supplementation with a product enriched with amino acids containing glutamine,
vitamins, and minerals during chemotherapy and/or radiotherapy in 445 patients with
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GI and head and neck cancers showed that this type of nutritional intervention may be
beneficial in preventing chemotherapy-related toxicity [56].

A prospective randomized study conducted among patients with pancreatic cancer
who received neoadjuvant chemoradiation therapy (NACRT) showed that the consumption
of dietary supplements enriched with eicosapentaenoic acid (EPA) may have a beneficial
effect on improving the nutritional status of patients. Nutritional interventions imple-
mented among patients with other malignant tumors also had a positive effect on the
improvement of body composition parameters and body weight [56,57]. However, the
data are still ambiguous as to the appropriate type of nutritional intervention, and there
is a need for large-scale multicenter studies on the impacts of nutritional treatment on
outcomes, quality of life, the occurrence of treatment side effects, and survival of patients
with pancreatic cancer.

5.3. Pancreatic Enzyme Replacement Therapy (PERT)

One of the main factors contributing to the development of malnutrition or other
eating disorders in cancer patients is the development of PEI. The use of pancreatic enzyme
replacement therapy by patients in order to reduce the occurrence of side effects, e.g.,
digestive problems, steatorrhea, and abdominal pain, is, apart from individualized dietary
counseling, the basis of nutritional treatment in this group of patients, and it can also
significantly improve their nutritional status.

Pancreatic exocrine insufficiency (PEI) may be caused by local lesions that are caused
by a tumor or accompanying inflammation, or it may be a consequence of surgery [58]. The
incidence of PEI after pancreatic cancer surgery is reported in 50–100% of patients after
pancreatic duodenectomy (PD), which is also called the Whipple procedure [59], and in
0–42% of patients after distal pancreatectomy (DP) [59].

The primary management strategy for PEI is the use of pancreatic enzyme replacement
therapy (PERT). Regardless of the extent of pancreatic resection or surgical technique,
patients should be evaluated for endocrine and exocrine pancreatic insufficiency. PERT
should probably be started routinely after PD and continued for at least 6 months after
surgery. PERT should also be initiated in post-DP patients with symptoms of PEI. Patients
with untreated PEI may develop complications such as weight loss, poor wound healing,
deficiencies of fat-soluble vitamins, and electrolyte imbalances, which should be closely
monitored [29].

The dosage of pancreatic enzymes should be started with low doses and then increased
every few days depending on the fat content in diet, stool characteristics, and each patient’s
symptoms [58].

Dosage suggestions vary, but they typically start at 20,000–75,000 lipase units per meal
and 5000–50,000 lipase units per snack [58]. PERT doses should not exceed 10,000 lipase
units per kilogram of body weight per day or 2500 lipase units per kilogram per meal, up
to four times a day [58]. Such large differences in the dosage range are related to the fact
that patients who often experience side effects related to digestive problems limit their food
intake and limit the amount of fat in their diet. This may lead to a faster development of
malnutrition in this group of patients because some cancer patients have a greater need for
energy and protein from the diet, while limiting the consumption of meals may lead to the
loss of muscle mass and the development of eating disorders.

When deciding on the initial dosage of pancreatic enzymes, it is important that the
patient’s diet be taken into account by a specialist who recommends the use of pancreatic
enzymes. With adequate supplementation of pancreatic enzymes, there is no need to limit
the dietary fat intake. Dietary fat intake that is lower than required may be beneficial in
patients with severe steatorrhea. Sarner recommends that the consumption of fat should be
below 75 g per day [60].

However, it should be remembered that a “healthy diet” based on the recommended
daily intake of macronutrients, including fat, probably provides <75 g of fat per day (in an
adult consuming 2000 kcal/day, 30% of the total energy intake should come from fat, so
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they would consume only 67 g of fat per day). For patients that have trouble consuming
the adequate/correct amounts of calories due to a limited ability to digest and absorb fat,
medium-chain fatty acids (MCTs) constitute the recommended source of dietary fat because
MCTs do not require enzymatic action for digestion or absorption. Appropriate dosing
of PERT is critical in the proper digestion and absorption of fats in patients with PEI, but
is also plays a role in improving or maintaining a normal quality of life, as it is possibly
related to improved bowel function and reduced diarrhea and steatorrhea.

In a double-blind trial of patients with nonresectable PC, patients that were random-
ized for the use of PERT had better absorption of dietary fat, and their weight loss was inhib-
ited compared to that of the placebo group [61]. In another retrospective non-randomized
study of patients with nonresectable PC receiving PERT plus standard palliative care or
standard palliative care alone, the median survival of patients receiving PERT was longer
than that of patients receiving standard palliative care (301 versus 89 days) [51]. Another
retrospective and observational study conducted in the UK with a large sample of patients
showed that the median survival time was 262% longer in patients undergoing PERT
compared to that in patients not undergoing PERT [62].

However, PERT is not always used in practice, and enzyme doses are often lower
than needed [63]. In a retrospective study of 4554 PC patients, only 21.7% were prescribed
PERT [62]. Due to the complex etiology of malnutrition in PC patients, special attention
should be paid to every aspect that can improve the nutritional status, and PERT must
constitute part of the nutritional intervention.

5.4. Enteral (EN) and Parenteral (PN) Nutrition

Patients with pancreatic cancer who, despite dietary counseling, are unable to meet
their total energy and other nutritional requirements via oral intake or ONSs and who have
normal bowel function require total or complementary enteral nutrition. Enteral nutrition
is recommended as a first-line method in this group of patients. When enteral nutrition
is used, the principle of supplying food to the most efficient section of the digestive tract
applies. Intragastric access is considered first, followed by enteral access. Intragastric access
is achieved via the insertion of a nasogastric tube through the nose if the duration of the
planned intervention does not exceed 30 days or through percutaneous endoscopic gastros-
tomy (PEG), which is the gold standard. Although patients with PC prefer gastrostomy to
nasogastric tubes, tube feeding is associated with a lower complication rate [63]. However,
in patients with pancreatic cancer, intragastric feeding is often ineffective due to gastric
emptying disorders.

Therefore, in prehabilitation parallel to postoperative neoadjuvant therapy, a nasoen-
teric tube is a better solution. However, after surgical treatment of patients, a nutritional
jejunostomy introduced during surgery in order to accelerate postoperative rehabilitation
and to carry out adjuvant chemotherapy for a period of time is the access of choice. Enteral
nutrition is usually ineffective in palliative patients due to multilevel transit disorders.

Patients with pancreatic cancer undergoing prehabilitation for surgery with access to
the gastrointestinal tract are qualified for enteral nutrition and should have a nasogastric
tube or a nutritional jejunostomy. On the other hand, patients with pancreatic cancer
in the case of which access to the gastrointestinal tract cannot be obtained are qualified
for parenteral nutrition. Patients with pancreatic cancer treated with chemotherapy and
patients with gastrointestinal insufficiency receive parenteral nutrition, and patients whose
gastrointestinal tract functions properly receive enteral nutrition.

Total parenteral nutrition (TPN) may be used when EN is insufficient or contraindi-
cated. TPN may improve body weight in some patients before surgery, but it is not routinely
recommended in outpatient palliative care due to the rapid progression of cancer and the
many health problems that usually accompany it, as these require inpatient treatment.
Careful evaluation should be carried out to identify patients who might benefit from this
nutritional method. Life expectancy and ethical aspects should be taken into account.
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Therefore, the use of TPN must be an individualized and multidisciplinary decision of
physicians and nutritionists [51].

Malignant bowel obstruction frequently occurs in the end stage of pancreatic cancer.
Parenteral nutrition should be considered in patients at this stage [64].

Emanuel et al. [15] carried out a systematic review and investigated the effects of
various nutritional interventions in the treatment of cachexia, malnutrition, and weight
loss in PC patients. PN was associated with more frequent complications. EN showed
a positive effect on length of hospitalization, complications, cytokines, and weight loss.
Nutritional supplements enriched with omega-3 fatty acids affected the maintenance of and
possible increase in body weight and lean body mass. After considering each intervention,
the systematic review concluded that an individualized diet should be used depending
on the patient’s condition or, if possible, consisting of EN or nutritional supplements as
immunonutrition enriched with omega-3 fatty acids and specific amino acids.

5.5. Medical Nutrition Depending on the Stage of Pancreatic Cancer

According to the National Comprehensive Cancer Network (NCCN) guidelines [65],
PC is classified as resectable/borderline resectable, locally advanced nonresectable,
and metastatic.

The advancement of pancreatic cancer is of fundamental importance in the further
treatment process, as well as for the recommendations for the patient’s diet and nutrition.
Before the commencement of treatment and between sessions, it is necessary to perform a
nutritional status assessment for patients who will undergo neo-adjuvant therapy, radio-
therapy and chemotherapy, radiotherapy alone, or chemotherapy alone. A very important
element of treatment of a patient with pancreatic cancer is addressing the side effects related
to the cancer itself or to the method of treatment. Symptoms such as vomiting, diarrhea,
pain, anorexia, PEI, and others may worsen the patient’s nutritional status.

In patients who are qualified for surgery, it is necessary to assess the nutritional
status and diet before surgery, and preoperative patients at risk of malnutrition should
be advised to use dietary supplements (ONSs) before surgery for at least 5–7 days. In
severely malnourished patients, delaying surgery by 7 to 14 days should be considered,
and in patients who are unable to successfully receive oral or enteral nutrition, total or
supplemental parenteral nutrition may be considered to improve their nutritional status.
The patients should be included in the ERAS (Enhanced Recovery after Surgery) protocol.
After surgery, it is recommended to try to gradually introduce oral nutrition as soon as
possible in the case of postoperative complications that make oral/enteral nutrition difficult,
and if it is not possible to cover the energy demand, an appropriate strategy is to use early
TPN nutrition [26].

Approximately 70% of PC patients are diagnosed with metastases [66,67]. Systemic
chemotherapy is considered the standard of care in this group of patients and has shown a
significant improvement in survival, but it is associated with many side effects that lead
to dose reduction and delay or discontinuation of treatment [68]. It is essential to assess
the nutritional status of these patients to limit its impact on the severity of side effects and
treatment discontinuation [67,68].

Finally, in the case of palliative patients, nutritional therapy must be individualized
for each patient so that the patient achieves comfort and quality of life. Many strategies
can be used for this purpose, but currently, there is no clear consensus, so they may differ
and encompass the use of oral nutritional supplements, enteral nutrition, or, in selected
cases, TPN.

5.6. Preoperative Nutritional Support

It is advisable to carry out a thorough assessment of the patient’s nutritional status in
the preoperative period. Currently, there are no studies or guidelines supporting universal
preoperative nutritional therapy. Although the benefits of nutritional support have been
demonstrated in randomized controlled trials (RCTs), benefits have only been documented
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in patients with severe malnutrition or at high risk of developing malnutrition who were
administered parenteral or enteral nutrition for at least 7 days before surgery. Based on
these results, preoperative nutritional support should be seriously considered if at least
one of the following criteria is met:

(1) Weight loss (WL) > 15% in 6 months;
(2) BMI < 18.5 kg/m2;
(3) Subjective global assessment (SGA), grade C or assessment of risk related to the

nutritional status;
(4) Serum albumin < 30 g/L.

Enteral nutrition is always recommended after surgery to maintain intestinal transit
and barriers and to possibly reduce infection. Initiation of oral nutrition as soon as possible
after surgery was associated with a shorter hospitalization time in one observational study,
with no differences in morbidity. Oral nutrition did not worsen the course, even in patients
with pancreatic fistula [69].

On the other hand, parenteral nutrition may be considered when oral nutrition is not
possible, e.g., in patients with delayed gastric emptying, paralytic ileus, or anastomosis
complications. When enteral nutrition is impossible, it is necessary to start parenteral
nutrition; it is important to start it as soon as possible after surgery—the recommendation is
within 3 days of surgery. PERT treatment in patients after pancreatectomy is also routinely
recommended. It should be remembered that after surgery, fecal elastase will be low and
may not be a good diagnostic marker. Therefore, it is important to detect the symptoms of
PEI and choose the correct PERT dosage. Vitamin B12 deficiency may also occur in patients
who underwent PD. The development of diabetes is related to the size of the resected
pancreas and does not always occur [4].

6. Conclusions

In this literature review, the tools that have been applied to assess nutritional status
were evaluated, and the knowledge on the current nutritional treatment of patients with
pancreatic cancer was reviewed. Assessing the nutritional status at diagnosis and during
treatment is essential in the case of this type of cancer. There is a small number of studies
on nutritional status assessment tools in pancreatic cancer, most of which are retrospective
studies. There is a need to conduct multicenter prospective studies on the evaluation of tools
for assessing nutritional status in patients with pancreatic cancer. Each patient diagnosed
with pancreatic cancer requires an assessment of his/her nutritional status before starting
treatment, but also during treatment, and nutritional counseling should be provided by a
qualified nutritionist in order to develop an individualized diet depending on the patient’s
condition or to include dietary supplements (ONSs) as immunonutrition enriched with
omega-3 fatty acids. If oral nutrition is impossible or incomplete, enteral nutrition should be
considered. However, after patients’ surgical treatment, the access of choice is a nutritional
jejunostomy that is introduced during surgery to accelerate postoperative rehabilitation. If a
patient has contraindications for enteral nutrition, parenteral nutrition should be considered.
PERT should be initiated earlier and at a higher dose, since prolonged survival has been
observed when applying PERT. Ensuring adequate nutrient intake improves quality of life
and chemotherapy tolerance in these patients. However, despite solid evidence linking
nutritional status and clinical outcomes, attitudes towards nutritional care continue to vary
among oncologists, surgeons, and nutritionists, and a significant percentage of patients do
not undergo nutritional assessment or nutritional treatment.

Nevertheless, further well-designed studies are needed to assess the real impact
of nutritional support during the treatment of patients with pancreatic cancer and to
determine the most effective strategy for reducing the percentage of patients diagnosed
with malnutrition, which significantly affects the prognosis and effectiveness of nutritional
treatment of patients with pancreatic cancer.



Cancers 2023, 15, 3816 14 of 17

Author Contributions: Conceptualization, D.M. and A.D.; methodology, D.M.; formal analysis, D.M.,
A.C., E.B. and A.B.-K.; investigation, D.M. and K.S.; writing—original draft preparation, D.M., J.S.
and A.D.; writing—review and editing, D.M., A.D. and E.C.; visualization, D.M.; supervision, D.M.,
A.B.-K. and A.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data available from the authors upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: Globocan

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Huang, J.; Lok, V.; Ngai, C.H.; Zhang, L.; Yuan, J.; Lao, X.Q.; Ng, K.; Chong, C.; Zheng, Z.J.; Wong, M.C. Worldwide burden of

Risk Factors for and trends in Pancreation Cancer. Gastroenterology 2021, 160, 744–754. [CrossRef] [PubMed]
3. McGuigan, A.; Kelly, P.; Turkington, R.C.; Jones, C.; Coleman, H.G.; McCain, R.S. Pancreatic cancer: A review of clinical diagnosis,

epidemiology, treatment and outcomes. World J. Gastroenterol. 2018, 24, 4846–4861. [CrossRef] [PubMed]
4. Gilliland, T.M.; Villafane-Ferriol, N.; Shah, K.P.; Shah, R.M.; Tran Cao, H.S.; Massarweh, N.N.; Silberfein, E.J.; Choi, E.A.; Hsu, C.;

McElhany, A.L.; et al. Nutritional and metabolic derangements in pancreatic cancer and pancreatic resection. Nutrients 2017,
9, 243. [CrossRef] [PubMed]

5. Santos, I.; Mendes, L.; Mansinho, H.; Santos, C.A. Nutritional status and functional status of the pancreatic cancer patients and
the impact of adjacent symptoms. Clin. Nutr. 2021, 40, 5486–5493. [CrossRef] [PubMed]

6. Ducreux, M.; Cuhna, A.S.; Caramella, C.; Hollebecque, A.; Burtin, P.; Goéré, D.; Seufferlein, T.; Haustermans, K.; Van Laethem,
J.L.; Conroy, T.; et al. Cancer of the pancreas: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann.
Oncol. 2015, 26 (Suppl. S5), 56–68. [CrossRef]

7. Ryan, A.M.; Power, D.G.; Daly, L.; Cushen, S.J.; Ní Bhuachalla, E.; Prado, C.M. Cancer-associated malnutrition, cachexia and
sarcopenia: The skeleton in the hospital closet 40 years later. Proc. Nutr. Soc. 2016, 75, 199–211. [CrossRef]

8. Martin, L.; Senesse, P.; Gioulbasanis, I.; Antoun, S.; Bozzetti, F.; Deans, C.; Strasser, F.; Thoresen, L.; Jagoe, R.T.; Chasen, M.; et al.
Diagnostic criteria for the classification of cancer-associated weight loss. J. Clin. Oncol. 2015, 33, 90–99. [CrossRef]

9. Arends, J.; Baracos, V.; Bertz, H.; Bozzetti, F.; Calder, P.C.; Deutz, N.E.; Erickson, N.; Laviano, A.; Lisanti, M.P.; Lobo, D.N.; et al.
ESPEN expert group recommendations for action against cancer-related malnutrition. Clin. Nutr. 2017, 36, 1187–1196. [CrossRef]

10. Bundred, J.; Kamarajah, S.K.; Roberts, K.J. Body composition assessment and sarcopenia in patients with pancreatic cancer: A
systematic review and meta-analysis. HPB 2019, 21, 1603–1612. [CrossRef]

11. Zhang, Y.X.; Yang, Y.F.; Han, P.; Ye, P.C.; Kong, H. Protein-energy malnutrition worsens hospitalization outcomes of patients with
pancreatic cancer undergoing open pancreaticoduodenectomy. Updates Surg. 2022, 74, 1627–1636. [CrossRef] [PubMed]

12. Poulia, K.A.; Antoniadou, D.; Sarantis, P.; Karamouzis, M.V. Pancreatic Cancer Prognosis, Malnutrition Risk, and Quality of Life:
A Cross-Sectional Study. Nutrients 2022, 14, 442. [CrossRef] [PubMed]

13. Fearon, K.; Strasser, F.; Anker, S.D.; Bosaeus, I.; Bruera, E.; Fainsinger, R.L.; Jatoi, A.; Loprinzi, C.; MacDonald, N.; Mantovani, G.;
et al. Definition and classification of cancer cachexia: An international consensus. Lancet Oncol. 2011, 12, 489–495. [CrossRef]
[PubMed]

14. Latenstein, A.E.; Dijksterhuis, W.P.; Mackay, T.M.; Beijer, S.; van Eijck, C.H.; de Hingh, I.H.; Molenaar, I.Q.; van Oijen, M.G.; van
Santvoort, H.C.; de van der Schueren, M.A.; et al. Cachexia, dietetic consultation, and survival in patients with pancreatic and
periampullary cancer: A multicenter cohort study. Cancer Med. 2020, 9, 9385–9395. [CrossRef]

15. Emanuel, A.; Krampitz, J.; Rosenberger, F.; Kind, S.; Rötzer, I. Nutritional Interventions in Pancreatic Cancer: A Systematic
Review. Cancers 2022, 14, 2212. [CrossRef]

16. Rovesti, G.; Valoriani, F.; Rimini, M.; Bardasi, C.; Ballarin, R.; Di Benedetto, F.; Menozzi, R.; Dominici, M.; Spallanzani, A. Clinical
implications of malnutrition in the management of patients with pancreatic cancer: Introducing the concept of the nutritional
oncology board. Nutrients 2021, 13, 3522. [CrossRef]

17. Skipper, A.; Ferguson, M.; Thompson, K.; Castellanos, V.H.; Porcari, J. Nutrition screening tools: An analysis of the evidence. J.
Parenter. Enter. Nutr. 2012, 36, 292–298. [CrossRef]

18. Caccialanza, R.; Cereda, E.; Pinto, C.; Cotogni, P.; Farina, G.; Gavazzi, C.; Gandini, C.; Nardi, M.; Zagonel, V.; Pedrazzoli,
P. Awareness and consideration of malnutrition among oncologists: Insights from an exploratory survey. Nutrition 2016,
32, 1028–1032. [CrossRef]

19. Hébuterne, X.; Lemarié, E.; Michallet, M.; De Montreuil, C.B.; Schneider, S.M.; Goldwasser, F. Prevalence of malnutrition and
current use of nutrition support in patients with cancer. J. Parenter. Enter. Nutr. 2014, 38, 196–204. [CrossRef]

20. Cederholm, T.; Jensen, G.L.; Correia, M.I.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.; Blaauw,
R.; Coats, A.J.; et al. GLIM criteria for the diagnosis of malnutrition—A consensus report from the global clinical nutrition
community. Clin. Nutr. 2019, 38, 1–9. [CrossRef]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1053/j.gastro.2020.10.007
https://www.ncbi.nlm.nih.gov/pubmed/33058868
https://doi.org/10.3748/wjg.v24.i43.4846
https://www.ncbi.nlm.nih.gov/pubmed/30487695
https://doi.org/10.3390/nu9030243
https://www.ncbi.nlm.nih.gov/pubmed/28272344
https://doi.org/10.1016/j.clnu.2021.09.019
https://www.ncbi.nlm.nih.gov/pubmed/34656030
https://doi.org/10.1093/annonc/mdv295
https://doi.org/10.1017/S002966511500419X
https://doi.org/10.1200/JCO.2014.56.1894
https://doi.org/10.1016/j.clnu.2017.06.017
https://doi.org/10.1016/j.hpb.2019.05.018
https://doi.org/10.1007/s13304-022-01293-7
https://www.ncbi.nlm.nih.gov/pubmed/35524935
https://doi.org/10.3390/nu14030442
https://www.ncbi.nlm.nih.gov/pubmed/35276801
https://doi.org/10.1016/S1470-2045(10)70218-7
https://www.ncbi.nlm.nih.gov/pubmed/21296615
https://doi.org/10.1002/cam4.3556
https://doi.org/10.3390/cancers14092212
https://doi.org/10.3390/nu13103522
https://doi.org/10.1177/0148607111414023
https://doi.org/10.1016/j.nut.2016.02.005
https://doi.org/10.1177/0148607113502674
https://doi.org/10.1016/j.clnu.2018.08.002


Cancers 2023, 15, 3816 15 of 17

21. Sanchez-Rodriguez, D.; Locquet, M.; Bruyère, O.; Lengelé, L.; Cavalier, E.; Reginster, J.Y.; Beaudart, C. Prediction of 5-year
mortality risk by malnutrition according to the GLIM format using seven pragmatic approaches to define the criterion of loss of
muscle mass. Clin. Nutr. 2021, 40, 2188–2199. [CrossRef]

22. Kakavas, S.; Karayiannis, D.; Bouloubasi, Z.; Poulia, K.A.; Kompogiorgas, S.; Konstantinou, D.; Vougas, V. Global leadership
initiative on malnutrition criteria predict pulmonary complications and 90-day mortality after major abdominal surgery in cancer
patients. Nutrients 2020, 12, 3726. [CrossRef]

23. Zhang, X.; Tang, M.; Zhang, Q.; Zhang, K.P.; Guo, Z.Q.; Xu, H.X.; Yuan, K.T.; Yu, M.; Braga, M.; Cederholm, T.; et al. The GLIM
criteria as an effective tool for nutrition assessment and survival prediction in older adult cancer patients. Clin. Nutr. 2021,
40, 1224–1232. [CrossRef] [PubMed]

24. Takimoto, M.; Yasui-Yamada, S.; Nasu, N.; Kagiya, N.; Aotani, N.; Kurokawa, Y.; Tani-Suzuki, Y.; Kashihara, H.; Saito, Y.; Nishi, M.;
et al. Development and Validation of Cutoff Value for Reduced Muscle Mass for GLIM Criteria in Patients with Gastrointestinal
and Hepatobiliary–Pancreatic Cancers. Nutrients 2022, 14, 943. [CrossRef] [PubMed]

25. Almeida, A.I.; Correia, M.; Camilo, M.; Ravasco PAlmeida, A.I.; Correia, M.; Camilo, M.; Ravasco, P. Nutritional risk screNutri-
tional risk screening in surgery: Valid, feasible, easy! Clin. Nutr. 2012, 31, 206–211. [CrossRef] [PubMed]

26. Carrato, A.; Cerezo, L.; Feliu, J.; Macarulla, T.; Martin-Perez, E.; Vera, R.; Álvarez, J.; Botella-Carretero, J.I. Clinical nutrition as part
of the treatment pathway of pancreatic cancer patients: An expert consensus. Clin. Transl. Oncol. 2022, 24, 112–126. [CrossRef]

27. Pecorelli, N.; Carrara, G.; De Cobelli, F.; Cristel, G.; Damascelli, A.; Balzano, G.; Beretta, L.; Braga, M. Effect of sarcopenia and
visceral obesity on mortality and pancreatic fistula following pancreatic cancer surgery. Br. J. Surg. 2016, 103, 434–442. [CrossRef]

28. Carrara, G.; Pecorelli, N.; De Cobelli, F.; Cristel, G.; Damascelli, A.; Beretta, L.; Braga, M. Preoperative sarcopenia determinants in
pancreatic cancer patients. Clin. Nutr. 2017, 36, 1649–1653. [CrossRef]

29. Gianotti, L.; Besselink, M.G.; Sandini, M.; Hackert, T.; Conlon, K.; Gerritsen, A.; Griffin, O.; Fingerhut, A.; Probst, P.; Hilal, M.A.;
et al. Nutritional support and therapy in pancreatic surgery: A position paper of the International Study Group on Pancreatic
Surgery (ISGPS). Surgery 2018, 164, 1035–1048. [CrossRef]

30. Akahori, T.; Sho, M.; Kinoshita, S.; Nagai, M.; Nishiwada, S.; Tanaka, T.; Tamamoto, T.; Ohbayashi, C.; Hasegawa, M.; Kichikawa,
K.; et al. Prognostic Significance of Muscle Attenuation in Pancreatic Cancer Patients Treated with Neoadjuvant Chemoradiother-
apy. World J. Surg. 2015, 39, 2975–2982. [CrossRef]

31. Romieu, I.; Trenga, C. Diet and Obstructive Lung Diseases. Epidemiol. Rev. 2001, 23, 268–287. [CrossRef]
32. Perrini, S.; Leonardini, A.; Laviola, L.; Giorgino, F. Biological specificity of visceral adipose tissue and therapeutic intervention.

Arch. Physiol. Biochem. 2008, 114, 277–286. [CrossRef] [PubMed]
33. Amini, N.; Spolverato, G.; Gupta, R.; Margonis, G.A.; Kim, Y.; Wagner, D.; Rezaee, N.; Weiss, M.J.; Wolfgang, C.L.; Makary, M.M.;

et al. Impact Total Psoas Volume on Short- and Long-Term Outcomes in Patients Undergoing Curative Resection for Pancreatic
Adenocarcinoma: A New Tool to Assess Sarcopenia. J. Gastrointest. Surg. 2015, 19, 1593–1602. [CrossRef]

34. Cooper, C.; Burden, S.T.; Molassiotis, A. An explorative study of the views and experiences of food and weight loss in patients
with operable pancreatic cancer perioperatively and following surgical intervention. Support. Care Cancer 2015, 23, 1025–1033.
[CrossRef]

35. Bachmann, J.; Heiligensetzer, M.; Krakowski-Roosen, H.; Büchler, M.W.; Friess, H.; Martignoni, M.E. Cachexia worsens prognosis
in patients with resectable pancreatic cancer. J. Gastrointest. Surg. 2008, 12, 1193–1201. [CrossRef]

36. Sandini, M.; Pinotti, E.; Persico, I.; Picone, D.; Bellelli, G.; Gianotti, L. Systematic review and meta-analysis of frailty as a predictor
of morbidity and mortality after major abdominal surgery. BJS Open 2017, 1, 128–137. [CrossRef] [PubMed]

37. Karagianni, V.T.; Papalois, A.E.; Triantafillidis, J.K. Nutritional Status and Nutritional Support before and after Pancreatectomy
for Pancreatic Cancer and Chronic Pancreatitis. Indian J. Surg. Oncol. 2012, 3, 348–359. [CrossRef] [PubMed]

38. Martin, L.; Birdsell, L.; MacDonald, N.; Reiman, T.; Clandinin, M.T.; McCargar, L.J.; Murphy, R.; Ghosh, S.; Sawyer, M.B.; Baracos,
V.E. Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful prognostic factor, independent of body mass
index. J. Clin. Oncol. 2013, 31, 1539–1547. [CrossRef] [PubMed]

39. Ma, X.; Zou, W.; Sun, Y. Prognostic Value of Pretreatment Controlling Nutritional Status Score for Patients with Pancreatic Cancer:
A Meta-Analysis. Front Oncol. 2022, 11, 770894. [CrossRef]

40. Caraceni, P.; Tufoni, M.; Bonavita, M.E. Clinical use of albumin. Blood Transfus. 2013, 11 (Suppl. 4), S18–S25.
41. Gupta, D.; Lis, C.G. Pretreatment serum albumin as a predictor of cancer survival: A systematic review of the epidemiological

literature. Nutr. J. 2010, 9, 69. Available online: http://www.nutritionj.com/content/9/1/69 (accessed on 1 January 2023).
[CrossRef]

42. Väyrynen, J.P.; Tuomisto, A.; Klintrup, K.; Mäkelä, J.; Karttunen, T.J.; Mäkinen, M.J. Detailed analysis of inflammatory cell
infiltration in colorectal cancer. Br. J. Cancer 2013, 109, 1839–1847. [CrossRef] [PubMed]

43. Chimento, A.; Casaburi, I.; Avena, P.; Trotta, F.; De Luca, A.; Rago, V.; Pezzi, V.; Sirianni, R. Cholesterol and its metabolites in
tumor growth: Therapeutic potential of statins in cancer treatment. Front. Endocrinol. 2019, 10, 807. [CrossRef]

44. Kato, Y.; Yamada, S.; Suenaga, M.; Takami, H.; Niwa, Y.; Hayashi, M.; Iwata, N.; Kanda, M.; Tanaka, C.; Nakayama, G.; et al.
Impact of the Controlling Nutritional Status Score on the Prognosis after Curative Resection of Pancreatic Ductal Adenocarcinoma.
Pancreas 2018, 47, 823–829. [CrossRef]

https://doi.org/10.1016/j.clnu.2020.09.047
https://doi.org/10.3390/nu12123726
https://doi.org/10.1016/j.clnu.2020.08.004
https://www.ncbi.nlm.nih.gov/pubmed/32826109
https://doi.org/10.3390/nu14050943
https://www.ncbi.nlm.nih.gov/pubmed/35267918
https://doi.org/10.1016/j.clnu.2011.10.003
https://www.ncbi.nlm.nih.gov/pubmed/22051119
https://doi.org/10.1007/s12094-021-02674-x
https://doi.org/10.1002/bjs.10063
https://doi.org/10.1016/j.clnu.2016.10.014
https://doi.org/10.1016/j.surg.2018.05.040
https://doi.org/10.1007/s00268-015-3205-3
https://doi.org/10.1093/oxfordjournals.epirev.a000806
https://doi.org/10.1080/13813450802334752
https://www.ncbi.nlm.nih.gov/pubmed/18946788
https://doi.org/10.1007/s11605-015-2835-y
https://doi.org/10.1007/s00520-014-2455-1
https://doi.org/10.1007/s11605-008-0505-z
https://doi.org/10.1002/bjs5.22
https://www.ncbi.nlm.nih.gov/pubmed/29951615
https://doi.org/10.1007/s13193-012-0189-4
https://www.ncbi.nlm.nih.gov/pubmed/24293974
https://doi.org/10.1200/JCO.2012.45.2722
https://www.ncbi.nlm.nih.gov/pubmed/23530101
https://doi.org/10.3389/fonc.2021.770894
http://www.nutritionj.com/content/9/1/69
https://doi.org/10.1186/1475-2891-9-69
https://doi.org/10.1038/bjc.2013.508
https://www.ncbi.nlm.nih.gov/pubmed/24008661
https://doi.org/10.3389/fendo.2018.00807
https://doi.org/10.1097/MPA.0000000000001105


Cancers 2023, 15, 3816 16 of 17

45. Menozzi, R.; Valoriani, F.; Ballarin, R.; Alemanno, L.; Vinciguerra, M.; Barbieri, R.; Cuoghi Costantini, R.; D’Amico, R.; Torricelli,
P.; Pecchi, A. Impact of Nutritional Status on Postoperative Outcomes in Cancer Patients following Elective Pancreatic Surgery.
Nutrients 2023, 15, 1958. [CrossRef]

46. Vashi, P.; Popiel, B.; Lammersfeld, C.; Gupta, D. Outcomes of Systematic Nutritional Assessment and Medical Nutrition Therapy
in Pancreatic Cancer. Pancreas 2015, 44, 750–755. [CrossRef]

47. Zhou, S.; Yu, Z.; Shi, X.; Zhao, H.; Dai, M.; Chen, W. The Relationship between Phase Angle, Nutrition Status, and Complications
in Patients with Pancreatic Head Cancer. Int. J. Environ. Res. Public Health 2022, 19, 6426. [CrossRef]

48. Mao, Y.S.; Hao, S.J.; Zou, C.F.; Xie, Z.B.; Fu, D.L. Controlling Nutritional Status score is superior to Prognostic Nutritional Index
score in predicting survival and complications in pancreatic ductal adenocarcinoma: A Chinese propensity score matching study.
Br. J. Nutr. 2020, 124, 1190–1197. [CrossRef] [PubMed]

49. Phillips, M.E.; Robertson, M.D.; Hart, K.; Kumar, R.; Pencavel, T. Long-term changes in nutritional status and body composition
in patients with malignant pancreatic disease—A systematic review. Clin. Nutr. ESPEN 2021, 44, 85–95. [CrossRef]

50. Jabłonska, B.; Pawlicki, K.; Mrowiec, S. Associations between Nutritional and Immune Status and Clinicopathologic Factors in
Patients with Pancreatic Cancer: A Comprehensive Analysis. Cancer 2021, 13, 5041. [CrossRef] [PubMed]

51. Cañamares-Orbís, P.; García-Rayado, G.; Alfaro-Almajano, E. Nutritional Support in Pancreatic Diseases. Nutrients 2022, 14, 4570.
[CrossRef]

52. Martin, D.; Joliat, G.R.; Halkic, N.; Demartines, N.; Schäfer, M. Perioperative nutritional management of patients undergoing
pancreatoduodenectomy: An international survey among surgeons. HPB 2020, 22, 75–82. [CrossRef] [PubMed]

53. Lassen, K.; Coolsen, M.M.; Slim, K.; Carli, F.; de Aguilar-Nascimento, J.E.; Schäfer, M.; Parks, R.W.; Fearon, K.C.; Lobo, D.N.;
Demartines, N.; et al. Guidelines for perioperative care for pancreaticoduodenectomy: Enhanced recovery after surgery (ERAS®)
society recommendations. World J. Surg. 2013, 37, 240–258. [CrossRef]

54. Hasegawa, Y.; Ijichi, H.; Saito, K.; Ishigaki, K.; Takami, M.; Sekine, R.; Usami, S.; Nakai, Y.; Koike, K.; Kubota, N. Protein
intake after the initiation of chemotherapy is an independent prognostic factor for overall survival in patients with unresectable
pancreatic cancer: A prospective cohort study. Clin. Nutr. 2021, 40, 4792–4798. [CrossRef]

55. Cintoni, M.; Grassi, F.; Palombaro, M.; Rinninella, E.; Pulcini, G.; Di Donato, A.; Salvatore, L.; Quero, G.; Tortora, G.; Alfieri,
S.; et al. Nutritional Interventions during Chemotherapy for Pancreatic Cancer: A Systematic Review of Prospective Studies.
Nutrients 2023, 15, 727. [CrossRef]

56. Tanaka, Y.; Shimokawa, T.; Harada, K.; Yoshida, K. Effectiveness of elemental diets to prevent oral mucositis associated with
cancer therapy: A meta-analysis. Clin. Nutr. ESPEN 2022, 49, 172–180. [CrossRef]
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