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Abstract: Pancreatic cancer represents a very challenging disease, with an increasing incidence and an
extremely poor prognosis. Peculiar features of this tumor entity are represented by pancreatic exocrine
insufficiency and an early and intense nutritional imbalance, leading to the highly prevalent and
multifactorial syndrome known as cancer cachexia. Recently, also the concept of sarcopenic obesity
has emerged, making the concept of pancreatic cancer malnutrition even more multifaceted and
complex. Overall, these nutritional derangements play a pivotal role in contributing to the dismal
course of this malignancy. However, their relevance is often underrated and their assessment is rarely
applied in clinical daily practice with relevant negative impact for patients’ outcome in neoadjuvant,
surgical, and metastatic settings. The proper detection and management of pancreatic cancer-related
malnutrition syndromes are of primary importance and deserve a specific and multidisciplinary
(clinical nutrition, oncology, etc.) approach to improve survival, but also the quality of life. In this
context, the introduction of a “Nutritional Oncology Board” in routine daily practice, aimed at
assessing an early systematic screening of patients and at implementing nutritional support from the
time of disease diagnosis onward seems to be the right path to take.

Keywords: pancreatic cancer; cachexia; malnutrition; survival; sarcopenic obesity; PEI; sarcopenia;
nutritional status; QoL; multidisciplinary board

1. Introduction

Despite important efforts in developing pioneering targeted therapies, pancreatic cancer
(PC) has today the highest mortality rate of all major cancers. In contrast to other
gastrointestinal tumors, pancreatic adenocarcinoma has an increasing incidence. Nowadays,
it represents the 4th leading cause of cancer death in the World and it is estimated to reach
2nd place by 2030. Survival remains extremely poor: only 8.1% of patients are alive after 5
years from diagnosis and this percentage drops to 3% after 10 years [1].

The poor response to available treatments and the early patient’s performance
deterioration complicate the management of this disease: patients show an early alteration of
metabolic state with a fast weight loss, causing enhanced chemotherapy (CHT) toxicities [2,3].
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In the last few years, recent trials demonstrated that an early dietary support can
positively impact survival, in terms of better tolerance and better response to disease
treatments but also improved quality of life (QoL) [4,5].

Patients with pancreatic cancer early show a wide range of nutritional alterations
resulting in cancer cachexia (CC), a specific form of disease related-malnutrition (DRM)
triggered mainly by the tumor-specific inflammatory response.

Traditionally, CC was defined as a multifactorial syndrome characterized by an
ongoing loss of skeletal muscle mass (sarcopenia), with or without loss of fat mass, that
cannot be fully reversed by conventional nutritional support and that leads to progressive
functional impairment [6]. Standard screening tools based on body weight, weight loss,
and food intake can be used to identify CC, but a more specific nutritional assessment is
mandatory to classify and treat this metabolic dysregulation [7]. The nutritional
assessment consists of a more detailed evaluation of nutritional status, considering
nutrient balance, body composition and function, and inflammatory activity [8].
Presentation and severity of cancer-cachexia are heterogeneous and, therefore, its
definition is currently evolving and, somehow, controversial. The diagnostic criteria for
cancer cachexia include an involuntary weight loss greater than 5% of the usual body
weight, or weight loss of more than 2% in patients with a baseline body mass index (BMI)
minor than 20 kg/m2, over six months [6]. Fearon and collaborators identified three
sequential clinical stages in the cancer cachexia process: pre-cachexia, cachexia, and
refractory cachexia. In the first stage, patients experience several metabolic alterations
converting in impaired glucose metabolism and loss of appetite, without a significant
weight loss. When a significant weight loss, according to the overmentioned criteria, takes
over, cachexia is established. Finally, cachexia is considered clinically refractory in pre-
terminal cancer patients who no longer respond to cancer therapies [6].

The efforts to adjust CC or slow it down can improve patient’s outcomes and lead to
more intensive therapeutic strategies. However, the lack of widely agreed diagnostic
criteria further complicates the clinical approach to CC. Conventionally, the criteria for
sarcopenia in clinical oncology are based on specific computerized tomography (CT)
measures of muscularity related to a defined risk of mortality: the current standard
consists of evaluating the total muscle cross-sectional area in a region at the third lumbar
vertebra (L3) that well correlates with the whole body muscle mass [9]. Some series report
the link between specific grades of sarcopenia and overall survival (OS) [10]. In any case,
cachexia stratification suffers from patients’ sex, age, and race, from primary tumor
location, and other variables, thus making its use difficult to apply.

Due to the complexity of characterization, stratification, and treatment of CC, a
multidisciplinary approach to DRM is extremely recommended in daily clinical practice.

2. Biological Basis of Malnutrition

Cachexia is a multifactorial syndrome involving cancer and host-derived signaling
factors predominantly characterized by non-volitional weight loss and an increased
catabolic drive that leads to a profound wasting of fat tissue and sarcopenia [11-13].
Cancer cachexia affects approximately 50% of all cancer patients, but in pancreatic cancer
setting it amounts to 80% [14].

Since the incidence of cancer cachexia is particularly high in PC patients, it has been
proposed that the biological pathways and the host-inflammation response could be more
intense in PC compared to other malignancies [15]. The biological mechanisms involved
in cancer-associated cachexia are multiple and could be categorized in: catabolic effects
derived from the inflammatory state, energy, and nutritional losses, which concern with
the pancreatic dysfunction, and anatomical changes due to cancer and side effects of
surgical and medical treatments (Figure 1).
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Figure 1. Multifactorial etiology of cachexia and sarcopenia in pancreatic cancer patient. Abbreviations: PIF, proteolysis-
inducing factor; LMF, lipid mobilizing factor; BAT, brown adipose tissue; WAT, white adipose tissue; PEI, pancreatic
exocrine insufficiency; DM, diabetes mellitus; SIBO, small intestinal bacterial overgrowth.

2.1. Inflammation and Its Catabolic Consequences

The catabolic effects derived by the inflammatory state convert on patient weight loss
and sarcopenia and are mediated by several cytokines released from both cancer and host-
immune system. In the PC-dependent cachexia, Interleukin-1 (IL-1), IL-6, IL-8, and tumor
necrosis factor a (TNF-a) have been recognized as the most involved factors [16]. Particularly,
TNF-a has been highlighted as the main pro-cachectic factor involved in lipolysis, proteolysis,
insulin-resistance, and muscle atrophy [17]. Along with other cytokines, mostly IL-1 and IL-6,
TNF-a acts in combination with the oxidative stress-dependent product nuclear factor-kB
(NFKB) by activating the ubiquitin-proteasome pathway, which induces the degradation of
regulatory proteins. In particular, once activated NF-kB inhibits the transcription of myoblast
determinant protein 1 (MyoD), a myoprotein involved in cell proliferation after muscle
damage, inhibiting the ability of myocytes to repair themselves [18]. Moreover, TNF-a is
involved in the downregulation of the IGF-1/PI3K/Akt signaling resulting in a reduction in
the muscle anabolic capacity. IL-6 cooperates with TNF-at also in stimulating the Janus kinase
(JAK)-signal transducer and activator of transcription (STAT), the JAK2/STAT3 pathway,
which is involved in inflammation, cancer progression, muscle mass wasting, and cancer-
related cachexia [19]. Moreover, TNF-a and IL-6 are both involved in the inhibition of
myocytes differentiation, causing an ultrastructural myofiber damage and the replacement of
muscle mass with collagen and fat tissue [20]. This mechanism is maintained also by
circulating free fatty acids produced through lipolysis, which trigger the secretion of ubiquitin
ligases Atrogin-1 and MuRF1 [21].

Chronic inflammation exerts its action by interfering also on several tissues” function.
First of all, the chronic inflammatory state contributes to pancreatic 3-cells damage, which
could lead to an altered insulin metabolism. The insulin intolerance contributes to the
malignant cells” metabolism, which is based on the recycling of lactate in glucose by the
Cory cycle instead of oxidative phosphorylation [22,23]. Secondly, pro-inflammatory
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cytokines could act directly on the pathways underlying the central anorexia process in
PC patients: the Neuropeptide Y (NPY) and the proopiomelanocortin (POMC)/cocaine
pathways [24]. Additionally, IL-1 has been shown to upregulate the release of
hypothalamic serotonin 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 in a decrease in appetite [24].

Adipose tissue plays a substantial role in the pathogenesis of cancer cachexia too.
Brown adipose tissue (BAT) in adults contains lipid droplets that produce energy by the
initiation of a proton leakage pathway in the mitochondrial membrane, under the
regulation of the uncoupling protein (UCP) 1 [25]. This process induces the release of
reactive oxygen species in skeletal muscle and is associated with the loss of adipose tissue
and cancer’s energy imbalance [25]. Moreover, the reduced nutrient intake leads to an
increased catabolism of the stored fat, thus contributing to white adipose tissue (WAT)
loss and reduction in muscle mass [26].

Cancer itself contributes to the maintenance of metabolic abnormalities by producing
several molecules. The lipid mobilizing factor (LMF) has been shown to promote GPT-
dependent lipolysis mediated by 33 adrenergic receptors and to contribute to the adipose
tissue reaction to other lipolytic stimuli, (e.g., catecholamines) [27]. Another important
cancer-derived factor contributing to cancer cachexia is the proteolysis-inducing factor
(PIF), which promotes a depletion in muscle mass and in protein synthesis by the
activation of the double-stranded RNA-dependent protein kinase (PKR) [28-30]. Of note,
PIF could activate the ATP-dependent ubiquitin-proteasome pathway (UPP), essential for
myofibrillar protein degradation in cancer cachexia [29].

Recently, the new concept of sarcopenic obesity has emerged, resulting in a
combination of sarcopenia and obesity, the ‘confluence of two epidemics” as Roubenoff
described [31]. SO is characterized by the highest ranges of fat mass (BMI >30 kg/m2) and
the lowest ranges of muscularity (high degree of depletion of skeletal muscle mass) and
its clinical implications have not been completely defined: the health-related risks may be
the same or greater than the respective risks of obesity and sarcopenia alone [31].

Similarly to sarcopenia, obesity is strongly correlated with chronic inflammation and
it might impair the immune response to stress [32,33]. The SO resulted to negatively
correlate with OS in both resectable and unresectable PC patients [34-37]; moreover,
several evidences demonstrated a correlation between SO and both surgical complications
and chemotherapy toxicities [32,34,38]: specific trials are eagerly awaited to clarify
whether dose modifications are justified for patients with SO.

2.2. Pancreatic Exocrine Insufficiency and Treatment

Pancreatic exocrine insufficiency (PEI) represents another key element involved in
pancreatic cancer malnutrition state. It is characterized by the deficiency of pancreatic
enzymes that are essential for degradation and consequently for the adsorption of fat,
liposoluble vitamins, and antioxidants, resulting in severe maldigestion [39].

The normal pancreatic exocrine activity is characterized by the production of
pancreatic juices consisting of digestive enzymes, such as pancreatic amylases and lipases,
nucleases, and proteases, such as trypsin, chymotrypsin, elastase, and carboxypeptidase. It
is triggered by cholecystokinin (CCK), a hormone secreted by the I-cells of the upper small
intestine in response to fat and proteins, binding cholecystokinin A receptor located mainly
on pancreatic acinar cells. Simultaneously, the secretin produced by the S-cells of the
duodenum stimulates the secretion of HCO3 by pancreatic duct with bile production [40].

PEI can occur in different phases of cancer history: at the onset of the disease, when
the primary tumor location is still unknown, after surgery as an early sequela, or during
chemotherapy in the advanced stages. It is a multifactorial process: obstruction of the
main pancreatic duct, fibrosis of the gland, and loss of pancreatic exocrine tissue are
involved [39]. As shown by De la Iglesia et al, PEI has a significantly higher prevalence in
tumors located in the head of the pancreas (RR 3.36, 95% CI 1.07-10.54; p=0.04) [41].
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Symptoms such as steatorrhea (stool fat content of > 7 g/day) associated with abdominal
pain, flatulence, and weight loss are typical manifestations; signs of nutrients and
liposoluble vitamins deficiency can occur in advanced PEI stage [42,43]. There is no
consensus on the diagnosis of PEL In a recent meta-analysis, different definition of PEI were
reported: in four studies it was based on fecal elastase-1, FE-1, (<200 ug/g) [41,44-46], in two
studies on N-benzoyl-L-tyrosyl-P-aminobenzoic acid (NBTPABA) test [47,48], in one study
on triolein or oleic acid [49], in one study on coefficient of fat absorption (CFA) <93% or <
85% [50] and in the last study on fecal fat excretion >20 g/d [50]. In this complicated
panorama, the degree of PEI measured by FE-1 seems to be strongly associated with poor
survival [51]. At the moment of cancer diagnosis, about 50% of patients have laboratory
signs of PEI (positive FE-1) but do not present overt symptoms [41].

PEI can be amplified by pancreatic surgery: the alteration of gastrointestinal anatomy
with lack of active pancreatic tissue, reduction in postprandial stimulation, and
asynchrony between gastric emptying and pancreatic enzyme secretion cause severe
maldigestion and complicate malnutrition state. A considerable number of resected
cancer patients develop PEI The severity of post-surgical exocrine insufficiency depends
on the underlying disease, preoperative pancreatic function, and extent of the resection
[51]. In long term survivors PEI is not the only surgical sequela: the early satiety, the
delayed gastric emptying, and gastroparesis lead, when possible, to an extremely slow
recovery of dietary status, complicated by pancreatic exocrine and endocrine
dysfunctions, with fat and fat-soluble vitamins malabsorption, and the possible
development of diabetes mellitus, but also the deficiency of other micronutrients as
vitamins B6 and B12 and Fe, Mg, Zn, Cu, and Se [52].

Another PEI-correlated aspect is the possible development of SIBO (“small intestinal
bacterial overgrowth”), defined as an increase in the number of bacteria in the small bowel
or an alteration in the microorganism’s families. It is extremely common: it occurs in 40%—
77% of patients. It is a consequence of bile acid deficiency and it leads to an excessive
fermentation and inflammation, thus worsening maldigestion symptomatology. It causes
steatorrhea, B12 deficiency, protein-losing, flatulence, abdominal discomfort, bloating,
and undernutrition. Furthermore, pancreatic carcinoma’s production of proinflammatory
cytokines alters gut barriers with an increase in bacterial translocation [53].

Finally, it should be pointed out that patients with pancreatic carcinoma can also
exhibit a pancreatic endocrine insufficiency resulting in diabetes mellitus, termed
pancreatogenic diabetes. The ductal obstruction associated with acinar inflammation and
fibrosis replacement of the exocrine pancreas seems to predict the development of endocrine
pancreas dysfunction [54]. Interestingly, evidence suggests a possible paraneoplastic effect
on islet beta-cell function, attested by a bidirectional-blood flow in pancreatic cancer: as
described by Chung et al, a continuous beta cell stimulation by acinar and ductal cancer cells
(peptide- and cytokine-containing exosomes) produce a high release of insulin and
cholecystokinin that promote tumor survival and proliferation [55]. In total, 80% of newly
diagnosed patients have abnormal fasting glucose or glucose intolerance; typically, DM is
of recent onset (diagnosed less than 24-36 months before the diagnosis of pancreatic cancer)
and it seems to be worsened by surgery of primary tumor [56].

The surgical impact on endocrine function is unclear: retrospective studies suggest that
the resection of 25%—44% of the pancreatic volume during duodenum-pancreatectomy can
leads to fasting blood glucose impairment [57,58]. Otherwise, recent findings show
endocrine activity after surgery can be unpredictable, resulting in a gain or a loss of function
as well [57,59,60]. Burkhart et al. have also shown a major rate of post-surgical DM in
patients undergone duodenum-pancreatectomy compared to distal pancreatectomy,
underling the important anatomical impairment of these technical procedures and their
impact on outcome [61]. Patients with a recent diagnosis of DM or glucose intolerance must,
therefore, be screened for pancreatic carcinoma due to the high correlation between these
two entities: the deterioration in glucose homeostasis, combined with other potential
biomarkers, is under clinical investigation to inform early diagnosis [62].
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Malnutrition and malabsorption caused by PEI must be corrected to ensure patients
a better QoL and prevent major symptoms, such as steatorrhea. The standard treatment
consists of the administration of oral pancreatic enzyme replacement therapy (PERT).
Capsules should be swallowed during meals, rather than before or after the meal and
there is not a standard dose: the initial dosage should be increased until steatorrhea
becomes tolerable [63]. Recently, Sikkens et al. demonstrated that in most cases this
supplement is underdosed and this is probably due to different nutritional support
needed by patients with different stage diseases [45]. This result has been confirmed by
Forsmark et al. who also underlined that PERT is not widespread; in their analysis, only
21.9% of patients with pancreatic cancer received a replacement therapy [64].

Findings concerning clinical and survival implications of PERT are scarce and
discordant. In the locally advanced setting, the Japan group of Takanawa Hospital firstly
demonstrated a gain in body weight and daily total caloric intake in patients treated with
PERT, but without a corresponding survival improvement [48]. Similar results were
obtained by Woo et al. [46] and Zdenkowski et al. [65] who did not report any nutritional
benefit. However, data from a recent population-based study conducted by Roberts et al.
in a cohort of 4554 patients showed that PERT significantly impacts QoL and survival
(survival time ratio= 2.62, 95% CI 2.27-3.02) [66]. Patients with LAPC undergoing
neoadjuvant CHT are particularly susceptible to severe malnutrition because of the
synergy between PEI and oncological treatments that can impair the functional reserve
with serious effects on subsequent surgery [66]. In the metastatic setting, PERT positively
impacts survival in patients treated with chemotherapy. In a retrospective experience,
patients benefiting most from PERT were those who experienced a significant weight loss
at diagnosis (HR 2.52; 95% CI 1.55-4.11; p<0.001) [67]. Even if data are controversial, the
use of PERT is gaining importance; more and more data are emerging on the potential
benefit of replacement therapy on body composition and PERT will probably be included
in pancreas treatment guidelines as a co-adjuvant of standard chemotherapy in the near
future. More prospective controlled studies with proper sample size are needed to extend
scientific understanding and to define a standardized approach.

2.3. Cancer Anatomic Changes

The extrinsic compression caused by the tumor, or its surgical resection, can cause
anatomic alteration, including mechanical obstruction of the gastrointestinal tract, thus
leading to pain, dysphagia, gastroparesis, constipation, and lack of nutrients absorption
[13]. Moreover, chemotherapy which constitutes the backbone of treatment in PC patients,
could determine nausea, anorexia, and vomiting, thus contributing to the weight
depletion and sarcopenia [68].

3. Impact of Malnutrition on Clinical Outcome
3.1. Neoadjuvant and Preoperatory Setting

Surgical resection remains the only chance of cure in PC; however, it represents an
option in less than 20% of patients at diagnosis [69]. Neoadjuvant treatment may increase
the resectability rate in borderline resectable (BRPC) and locally advanced (LAPC) at the
cost of significant effects on body composition. Sarcopenia occurs at the time of diagnosis
in at least half of patients with BRPC and LAPC and weight loss and loss of lean body
tissue during chemotherapy are associated with poor outcomes [70].

Naumann et al. analyzed the role of sarcopenia and weight loss in a retrospective
cohort of patients with LAPC. The incidence of cachexia (defined as weight loss of 5% or
more) and sarcopenia were 85% and 68%, respectively. They observed a significant
reduction in muscle mass during chemo-radiotherapy (2.7%) without changes in muscle
density. Persistent weight loss (HR 1.556; p=0.028) or muscle mass (HR 1.498; p=0.036)
were negatively associated with survival, such as CA 19.9 at follow-up and parenteral
nutritional support [71].
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Cooper et al. evaluated the role of sarcopenia and depletion of skeletal muscle and
adipose tissue in 89 patients with resectable pancreatic cancer previously enrolled in a
phase II trial providing the efficacy of neoadjuvant CHT and subsequent chemo-
radiotherapy in this setting. Half of patients (52%) were sarcopenic at diagnosis. During
treatment, the mean values of skeletal muscle mass, subcutaneous adipose tissue, and
visceral adipose tissue (VAT) significantly decreased and 54 patients (62%) lost weight
without any impact on resection rate. Patients with sarcopenic obesity (BMI >30 and
skeletal muscle cross-sectional area B < 38.9 cm2/m2 for women and B < 55.4 cm2/m2 for
men) at diagnosis had a lower probability of radical resection although the correlation did
not reach statistical significance (70 vs. 48%; p=0.07). Depletion of skeletal muscle mass
was associated with shorter disease-free survival (DFS). In univariate analysis, sarcopenic
obesity (SO) at diagnosis (20.7 vs. 12.9 months; p=0.04) and progressive loss of visceral
adipose during neoadjuvant therapy (HR 0.97; 95% CI 0.95-0.99; p=0.001) were associated
with shorter overall survival (OS), although only the completion of all therapy and in
particular radical surgery had an impact in multivariate analysis (HR 0.08; 95% CI 0.04-
0.18; p=0.001) [72].

Griffin et al. prospectively recording data from 78 BRPC patients undergoing surgical
resection in Dublin National Surgical Center for Pancreatic Cancer from 2012 to 2015,
confirmed the incidence of sarcopenia in almost half of patients. They evaluated the role
of cachexia and sarcopenia at diagnosis, confirming no correlation with resectability or
survival (cachexia HR 0.799, p=0.447, sarcopenia HR 0.841, p=0.497). They also evaluated
changes in body composition during chemotherapy, confirming a significant depletion of
the amount of adipose tissue (intra-muscular adipose tissue from 9.3 cm2 to 7.9 cm2,
p=0.003; visceral adipose tissue from 143.5 cm2 to 111.5 cm2, p<0.0001, subcutaneous
adipose tissue from 191.2 cm2 to 158.5 cm?2 p<0.0001) and of skeletal muscle (from 45.6
cm2/m2 to 42.3 cm2/m2; p<0,001). Loss of lean tissue and depletion of fat mass during
neoadjuvant CHT were also associated with higher mortality risk (mean fat-free mass loss
2.6 kg, HR 1.1, p=0.003; mean skeletal muscle mass loss 1.5 kg, HR 1.21, p=0.001; mean loss
of fat mass 2.8 kg HR 1.09, p=0.004). Furthermore, they highlighted the role of muscle
attenuation (MA) by measuring skeletal muscle radio-density: almost half of the enrolled
patients had low MA correlating with an increased mortality risk (median OS 19 months
vs. 14 months; HR 0.53, p=0.015) [73].

The link between variation in adipose tissue and muscle tissue during neoadjuvant
treatment and resection rate was investigated also by Sandini et al. in a prospective
analysis of 193 patients with BRPC and LAPC. In the unresected group, the incidence of
sarcopenia increased from 36.8% at diagnosis to 52.8% after chemotherapy, while in the
radically resected group, sarcopenia decreased from 46.3% to 36.8%. The amount of
adipose tissue decreased during CHT: total adipose tissue area (median pre-treatment:
284.0 cm?2 vs. post-treatment: 250.0 cm2; p<0.001) and visceral adipose tissue area (median
pre-treatment: 115.2 cm2 vs. post-treatment: 97.7 cm2; p<0.001). Differently from the
previous Irish trial, the total muscle mass increased (median pre-treatment 122.1 cm2 vs.
post-treatment: 123.7 cm?2). Patients who underwent surgery experienced an increase of
5.9% in skeletal muscle tissue instead of a decrease of 1.7% of those without radical
surgery (p<0.001) [70].

3.2. Surgical Setting

Surgical patients are at high risk of being malnourished and malnutrition is a proven
risk factor for postoperative complications in major abdominal surgery. The development
of nutritional scores to detect high-risk patients during preoperatory setting has occurred
during the last years, but only a small proportion of them has been validated through
retrospective trials.

The NURIMAS pancreas trial enrolled 369 patients with resectable pancreatic cancer
in Heidelberg from August 2014 to July 2015. The trial evaluated the association between
the risk of malnutrition estimated through different nutritional scores and major
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postoperative complications. None of the considered scores (nutritional risk index,
nutritional risk screening score, subjective global assessment, malnutrition universal
screening tool, mini nutritional assessment, imperial nutritional screening system,
nutritional risk classification, ESPEN malnutrition criteria) provided information about
major complications’ risk [74].

Differently, CT-assessed sarcopenia indexes provided an adequate risk evaluation.
In a recent meta-analysis by Cao et al, the value of skeletal muscle mass index, SMI, (OR
1.36; p=0.0008), PMI (RR 1.35; p=0.0002), MA (RR 1.40; p=0.002), and IMAC (RR 1.63;
p<0.0001) were all predictive of postoperative major complications in biliopancreatic
surgery [75].

Focusing on pancreatic surgery, Ratnayake et al. performed a meta-analysis
including 33 studies (3608 patients) evaluating the predictive value of preoperative
sarcopenia for major complications in pancreatic cancer patients. Sarcopenia was not
correlated to postoperative complications, instead it was associated with an increased
hospital stay (mean difference of 0.73 days, CI 0.06-1.40, p=0.033) [76].

Two Italian experiences highlighted the link between visceral obesity, specifically
sarcopenic obesity, and surgical outcome. Pecorelli et al. analyzed the report of 202
patients undergoing pancreatic surgery between January 2010 and September 2014 and
emphasized the association between sarcopenic obesity (visceral fat area/total abdominal
muscle area > 3.2) and postoperative death (OR 6.76, p<0.001) and between high visceral
fat area and risk of pancreatic fistula (OR 4.05; p<0.001) [34]. A retrospective analysis on
124 patients performed by Sandini et al. confirmed the predictive role of SO for the risk of
major surgical complications: in the multivariate analysis, the ratio between VFA (visceral
fat area) and TAMA (total abdominal muscle area) was the strongest predictor of major
complications, with odds ratios of 3.20 (p=0.008) [32].

An appropriate clinical preoperatory nutritional evaluation might be essential to
estimate not only the risk of surgical complications but even more to stratify the long-term
survival benefit of patients. A validated screening tool such as the nutrition risk screening
2002 (NRS 2002) score emphasized how a preoperatory malnutritional status could impact
overall survival [77].

In addition, preoperatory CT-assessed sarcopenia could be considered not only as a
predictive tool but also as a prognostic factor in patients undergoing pancreatic surgery.
Almost 10 years ago, Peng et al. evaluated 557 PC patients undergoing curative surgery
at John Hopkins University. Sarcopenia remained an independent predictor of survival
even in multivariate analysis, together with lesion size, grading, vascular invasion, and
lymph node metastasis. Sarcopenic patients had a 63% increased risk of death at 3 years
(HR 1.63, p<0.001) [78]. Few years later, Okumura et al. emphasized the prognostic role of
muscle quality, as well as muscle quantity. Considering 230 resected PC patients at Kyoto
University, 64 had a low psoas muscle index (PMI) and 142 had a high intramuscular
adipose tissue content (IMAC). Patients with low PMI and high IMAC were older but
without any other difference between patients with high or normal PMI and low or
normal IMAC [79]. The median OS in patients with low PMI was 17.7 months, less than
in those with normal or high PMI (32 months, p<.001). The median OS in patients with
high IMAC was 21.5 months, less than in those with normal or low IMAC (56.5 months,
p<0.001). Low muscle quantity (PMI) and low muscle quality (IMAC) were independent
negative prognostic factors for OS (HR 1.999, p<0.001; HR 2.527, p<0.001, respectively) and
relapse-free survival (HR 1.607, p=0.007; HR 1.640, p=0.004, respectively) [79].

Recently, the prognostic role of sarcopenia in the surgical setting was emphasized in
2 meta-analyses. Bundred et al. analyzed 42 studies and reported the assessment of body
composition in 7619 patients. Sarcopenia was associated with relevant peri-operative
mortality (OR 2.40, 95% CI 1.19-4.85, p<0.01) and overall survival in univariate (HR 1.95,
95% CI 1.35-2.81, p<0.001) and multivariate analysis (HR 1.78; 95% CI 1.54-2.05) [80].
Mintziras et al. stressed the impact of SO on 2297 patients enrolled in 11 trials: sarcopenia
was significantly associated with poorer overall survival (HR 1.49; 95% CI 1.27- 1.74,
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p<0.001) and, in particular, sarcopenic obesity (reported in 0.6% to 25% of patients) had a
stronger impact on overall survival (HR 2.01; 95% CI 1.55-2.61, p<0.001) [81].

3.3. Metastatic Setting

In metastatic setting, malnutrition is strictly related to systemic inflammatory
response, chemotherapy dose intensity, and survival.

In a multicenter retrospective analysis by Klute et al, the malnutrition evaluated by
subjective global assessment (SGA) was an independent prognostic factor for overall
survival (median OS not reached versus 8.5 months, p<0.0001) due to its impact on CHT
dose reduction (estimate — 10.3%; p=0.020) [82].

In the impact study, 94 patients with advanced pancreatic cancer were
retrospectively evaluated. Independent from BMI (33% of patients were sarcopenic and
35% of patients had an early loss of skeletal muscle mass despite BMI >25 at diagnosis),
only early loss of more than 10% of SMI and visceral adipose tissue area were significantly
associated with worse OS in multivariate analysis (HR 2.16, p=0.007; HR 2.98, p=0.004,
respectively) [83].

The prognostic role of baseline sarcopenia at the beginning of FOLFIRINOX
polychemotherapy was confirmed both in the first and second lines of treatment. Kurita
et al. evaluated 82 patients treated with first-line FOLFIRINOX and they showed that
median OS of sarcopenia patients and not sarcopenia patients was 11.3 months and 17
months, respectively (HR 2.49, p=0,001). They also observed that the amount of adipose
tissue (adipose tissue index, ATI) and sarcopenic obesity (sarcopenic patients with high
ATI) predicted severe hematologic toxicity (p=0.022 and p=0.008, respectively),
compromising the efficacy of CHT and highlighting the different role of the amount of
muscle and adipose tissue intolerance to chemotherapy [84]. The crucial prognostic role
of the amount of adipose tissue during first-line CHT was confirmed by Kays et al. in a
retrospective review of 53 patients treated at Indiana University Hospital from 2010 to
2015. They evaluated the amount of SMI and VAT on CT scans during treatment and they
eventually developed 3 different cachexia phenotypes: muscle and fat wasting (MFW),
only fat wasting (FW), and no wasting (NW). They noted that NW patients (19%) had the
greatest median overall survival (22.6 months) without any difference between MFW
patients (12.2 months) and FW patients (13.0 months). In multivariate analysis, cachexia
phenotype and chemotherapy response were independently associated with survival [85].
Additionally, in the second-line setting, SMI at baseline was the strongest independent
prognostic factor in predicting poor prognosis for 57 Korean patients treated in an
academic tertiary hospital of South Korea (median OS 4.6 months vs. 8.5 months in
patients with low SMI vs. high SMI, respectively, HR 0.469, p=0.015) [86].

A representative illustration of the clinical impact of malnutrition in different
treatment settings is shown in Figure 2.
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Figure 2. Clinical impact of malnutrition in different treatment settings. Abbreviations: PEI, pancreatic exocrine
insufficiency; DLT, dose-limiting toxicities; OS, overall survival; PFS, progression-free survival; QoL, quality of life.

4. From a Solitary Management to a Shared Perspective: The “Nutritional Oncology
Board”

Considering the prevalence up to 85% [87], its known and peculiar
pathophysiological mechanisms, and the remarkable prognostic relevance, the proper
management of pancreatic cancer malnutrition is, undoubtedly, of paramount importance
and deserves specific approaches [88].

The European Society for Clinical Nutrition and Metabolism (ESPEN) recently
published guidelines on nutritional care in cancer patients and wrote a call-to-action,
underscoring its significance and the need for its full translation into practice. The key
points of the statement are the following: to screen all cancer patients from the very
beginning of the disease course and regularly re-screen, to increase the measures
comprised in the nutritional assessment, and to implement nutritional intervention in the
form of personalized plans [89].

However, about 50% of malnourished patients still do not receive an adequate
nutritional support [90] and this might be due, at least in part, to the fact that the attitude
towards the issue of nutritional support for cancer patients is considerably variable among
oncologists. Insufficient awareness and the lack of structured teamwork between
oncologists and clinical nutritionists are some of the key critical factors that must be fixed
to improve cancer care [91]. Moreover, also the need for consistent and harmonized
nomenclature and the absence of high-quality randomized clinical trials (RCT)-based
evidence of nutritional interventions efficacy are among the obstacles for a diffuse
perception and a proper detection of cancer-related malnutrition and cachexia [92]. In a
recent paper, Caccialanza and co-authors registered the Italian daily practice in numbers.
Regarding the identification of malnutrition, only 16% of the oncology units routinely
used validated nutritional screening tools. Percentages were also disappointing regarding
the nutritional support, managed by nutrition specialists in just 31% of oncology units.
Importantly, when coming to the potential strategies aimed at improving the nutritional
care in cancer patients, almost 70% of the oncologists stated that tailored care protocols
would be useful to further improve the cancer continuum of care [93]. When assessing a
European multinational (Italy, France, Germany) survey regarding the current practices
on clinical nutrition intervention, Caccialanza et al. still reported disappointing real-world
data, with late and few diagnoses of malnutrition, far distant from what current guidelines
recommend [89,94,95], and nutrition interventions often used only in the end-of-life
setting, thus losing the possibility of improving patient’s clinical outcome [96].

Following the paper by Caccialanza et al. [93], Rossi R. and coauthors conducted an
observational pilot study confirming that only a small proportion of oncologists collects
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weight parameter, probably considering cancer-associated weight loss unimportant [97],
as recently showed also by the European Cancer Patient Coalition study [93]. Importantly,
those findings prompted Rossi’s group to build a “nutritional team” to gather oncologists,
nutritional experts, and palliative care specialists, giving, therefore, the proof that
teamwork is not only the best way to go but probably also the only one [97].

Cancer-related malnutrition causes a cascade of consequences: increased infection
rate, increased risk of postoperative complications with prolonged hospitalization, and
reduced tolerance or response to CT or radiotherapy lead to increased costs, social burden
and reduced performance status, eventually decreasing quality of life [98]. Of note,
psychosocial distress can be a not only consequence but also a cause of reduced food
intake and malnutrition and might have an impact also on caregivers [99]. Food has both
biological and non-biological meanings; eating is a well-recognized social activity with
strong psychological implications [100] and diet is one of the very few factors, if not the
only one, that patients feel they can somehow control during the entire disease trajectory
[101]. When hampered by cancer, eating might lead to emotional distress that is as
important as the physical one and that comprises a sense of helplessness and failure, loss
of independence, conflictual relationships with caregivers and all family members over
food, and isolation. On the other hand, weight loss can be also be experienced as
advantageous, especially for overweight and obese patients and at the beginning of the
disease course, and this perception might play in nutritional treatment’s disfavor [99].

Considering all of the above, among the results that can be achieved through an
integrated approach of care towards cancer malnutrition, there are reduction in post-operative
complications, less hospitalization, enhanced likelihood for a patient to be able to face
treatments, even the most aggressive and potentially effective ones, and better QoL.

Ten years have passed since Muscaritoli and colleagues suggested the so-called
“parallel pathway” as a concept of diagnostic and therapeutic integrated model of
intervention, but results, as said, are still disappointing. According to the “parallel
pathway” approach, every step in the oncological care is flanked by a metabolic and
nutritional intervention: disease staging by nutritional screening and assessment within 4
weeks from diagnosis, elaboration of the oncological treatment plan by nutritional plan,
first-line treatment by first-level nutritional intervention, then follow up with periodical
re-evaluations until the implementation of a subsequent line of treatment flanked by an
upgraded nutritional strategy [102]. Historically, but unfortunately also nowadays,
nutritional intervention in cancer has been mainly considered as part of the palliative
treatments. Nutritional therapy, instead, must be integrated as early as possible. Timely
screening of the nutritional condition has to be considered a hallmark of cancer care and
should be carried out through one of the validated tools available [92] and recommended
by ESPEN [89]. Patients with screening test positive for nutritional dysfunctions should
then be offered a comprehensive assessment in order to detect nutritional intake,
symptoms that might hamper it (dysphagia, nausea, vomiting, gastrointestinal problems,
psychosocial distress, chronic pain, fatigue, etc.), muscle mass, degree of systemic
inflammation, and physical activity [102]. If a deficit in one or more of those tasks is
recognized, dieticians and clinical nutritionists, and other specialists if needed, should
contribute to remove or at least diminish it [92].

Given the strong benefits for patients, we believe that the introduction of a
“Nutritional Oncology Board” (NOB) should be seen as a tool of good clinical practice in
nowadays routine care. In order to face malnutrition, the NOB should implement the
following interventions: early nutritional assessment before the start of oncological
treatment in order to provide a patient-tailored program aimed at preventing or treating
sarcopenia/sarcopenic obesity, management of possible endocrine or exocrine
insufficiency with the appropriate replacement therapy, carefully and systematically re-
evaluation of the patient in order to escalate the nutritional support as soon as needed.

Clearly, the adoption of a NOB might require modifications in the daily organization
of assistance, but we believe that this effort will be worthwhile. The modality to access the
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NOB needs to be defined so that activation is systematic and occurs in a fluent way. It is
important to define the members of the multidisciplinary team and to figure out who is
going to assess the nutritional screening. Considering their specific training and skills,
clinical nutritionists and dieticians represent the backbone of the NOB, but successful results
might not be obtained without the support of other figures, such as nurses, psychologists,
and pain experts, when specific issues are raised during the shared counseling. Operative
procedures, such as the so-called “Diagnostic Therapeutic Assistance Path (PDTA)” might
represent a useful tool through which a pancreatic cancer patient-centered program of care
can be shared by different experts (surgeons, oncologists, radiotherapists, clinical
nutritionists, dieticians, etc.) since the very beginning, thus avoiding waste of precious time
and allowing a better and forward-looking implementation of nutritional support. The
major purpose of nutritional intervention is to maintain pancreatic cancer patients fit for any
modality of anticancer therapies, whether it is surgery, radiotherapy, antitumoral drugs, or
a combination of them [92]. Clearly, as for many other aspects of supportive care, the
integration with the territory is mandatory to ensure a continuous nutritional support, even
towards the end-stage of disease when considered appropriate, with the ultimate goal of
improving not only patient’s clinical outcome but also the quality of life, reducing anxiety,
concern and, more comprehensively, psychological discomfort (Figure 3). Last, but not least,
the Nutritional Oncology Board, sharing common experiences, goals, obstacles, and unmet
needs can be an optimal fertile ground for the birth of collaborative research activities aimed
at enhancing the shared pathway of care from both the clinical and the organizational point
of view and, ideally, also at improving the awareness towards this relevant topic.

al Outcome
QoL

NUTRITIONAL ONCOLOGY
BOARD

ws
W—

]

Figure 3. Multidisciplinary management of pancreatic cancer patients. Abbreviations: QoL, quality of life.
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