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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is currently an in- creasing contributor to cancer-related mortality. Despite advances in cancer treatment, PDAC survival rates have remained roughly unchanged over the years. Specifically, late diagnosis and insensitivity to currently available therapeutic regimens have been identified as the main causes for its poor survival. Pancreatic exocrine insufficiency (PEI) is a typical complication associated with PDAC diagnosis and pancreatic surgery. Pancreatic exo- crine insufficiency, a major contributor to maldigestion in PDAC, is often not treated because it remains undetected because of lack of overt signs and symptoms. In this review, we will focus on the major consequences of PEI, including the inadequacy of lipase excretion, which results in defi- ciency of fat-soluble vitamins. Because PDAC is known for its immune- high jacking mechanisms, we describe key features in which deficiencies of fat-soluble vitamins may contribute to the aggressive biological behavior and immune evasion in PDAC. Because PEI has been shown to worsen sur- vival rates in patients with PDAC, detecting PEI and the related fat-soluble vitamin deficits at the time of PDAC diagnosis is critical. Moreover, timely supplementation of pancreatic enzymes and fat-soluble vitamins may im- prove outcomes for PDAC patients.
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)n 1969, 4.4% of all cancer-related deaths in the Netherlands was due to pancreatic ductal adenocarcinoma (PDAC).1 Fifty years later, the contribution of PDAC to cancer-related mortality had in- creased to 6.6%.2 This increase is largely explained by the late di- agnosis and poor response to conventional therapy in comparison to other cancer types.3,4 Five-year survival rate is roughly 6% and pancreatic cancer is still one of the cancers with the worst progno- sis, with little increase in survivability in recent decades.5 Hence, a better understanding of the biological derangements induced by this cancer might unveil novel therapeutic possibilities to improve
patient outcomes.6
A typical sign of PDAC is pancreatic exocrine insufficiency (PEI), which is strongly correlated with reduced survival, whereas
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enzyme replacement therapy has shown survival benefits.7,8 Clini- cal manifestations of PEI include abdominal discomfort, bloating, malnutrition, and steatorrhea. The latter manifestation, steatorrhea, is however very uncommon. It occurs in less than 20% of patients with advanced PDAC and severe PEI.9 Pancreatic exocrine insuffi- ciency occurs because of damage of the secreting components of the pancreas by the carcinoma itself, because of bile duct obstruc- tion, and after pancreatic surgery. Importantly, PEI is characterized by a diminished excretion of several enzymes, such as amylase, pro- tease, and lipase. Insufficient lipase excretion, in combination with reduced bile salts, results in improper digestion of fat with as conse- quence malabsorption of the fat-soluble vitamins A, D, E, and K.
Among their integral functions in a multitude of physiolog- ical processes, these fat-soluble vitamins are also known to assist the immune system to attack tumor cells by stimulating cyto- toxic immune cells and blocking the synthesis of tolerogenic cy- tokines.10 Thus, deficiencies of these vitamins may play a role in the intrusive pathobiology of PDAC.11 Unfortunately, the preva- lence of deficiencies of the fat-soluble vitamins at the time of PDAC diagnosis is not well known. In addition, the current Dutch PDAC guidelines restrict the measurement of fat-soluble vitamins only to patients with symptoms of malabsorption.12 However, there are several studies describing patients without symptoms of malabsorption or nutritional deficiencies, whereas labora- tory tests showed PEI with these vitamin deficiencies.9,13 Thus, PEI and vitamin deficiencies may be present before clinically relevant malabsorption is noticed, especially in the case of ob- structive jaundice.14 Hence, the focus of this review will be on the current difficulties in identifying fat-soluble vitamin defi- ciencies, as well as how these deficiencies contribute to pancre- atic tumor immune evasion and aggressiveness.

DIAGNOSIS AND MANAGEMENT OF PEI
The pancreas consists of 2 compartments, the endocrine and the exocrine compartment. The exocrine compartment, where PDAC arises, produces bicarbonate and enzymes for the digestion of carbohydrates, proteins, and fat. More than 90% of the pan- creas is composed of the exocrine compartment.15 Tumor growth within this compartment will replace these bicarbonate and enzyme-producing cells, which will result in PEI. Progressive PEI will lead to malnutrition, specifically inadequacy of fat- soluble vitamins, and micronutrients.16
The prevalence of PEI after diagnosis of PDAC is 70%. Moreover, 70% of those affected do not exhibit clinical signs of malabsorption.17 Clinical manifestations of PEI are usually non- specific and can lead to a lack of timely diagnosis. However, there are several diagnostic tests for PEI. Previously, exocrine pancreas insufficiency was diagnosed by a stool collection for 72 hours while patients were given a daily fat intake of 100 g. When there was more than 7 g of fat per 100 g of stool each day, fat malabsorp- tion was suspected. When there was more than 15 g of fat per



	





100 g of stool per day, severe PEI was diagnosed.18 However, this test is not very patient-friendly due to many side effects, such as bloating, worsening steatorrhea, and flatulence.19 Nowadays, the fecal elastase test is commonly used because of its simplicity.19,20 Pancreatic elastase 1 is produced by the pancreas and is known to be a stable enzyme during the intestinal passage.21 An enzyme- linked immunosorbent assay is used to measure elastase in fecal samples, and there is a good relationship between pancreatic exo- crine secretion and elastase levels.22 When formed stools are stud- ied, fecal elastase testing has a high negative predictive value and a high sensitivity in individuals with mild to severe PEI.23–25 There- fore, the test should not be conducted in watery stools, because fe- cal elastase is measured as a concentration.26
In general, for the diagnosis of PEI, a fecal elastase of 100 to 200 μg/g feces reflects moderate to mild PEI and a fecal elastase of
<100 μg/g feces reflects severe PEI.20,21,24,25 The advantages of fecal elastase testing make it an appropriate test for screening PDAC patients for PEI.27,28 Furthermore, because porcine en- zymes do not cross-react with the human antibodies, administra- tion of pancreatic enzymes does not have to be discontinued for testing. In case of PEI, enteric-coated capsules with pancreatic en- zymes are administered to aid in digestion right before food con- sumption. Usually, the lipase units for adults vary between 40,000 and 50,000 lipase units per main meal, and smaller units are pre- scribed for snack consumption. Starting supplementation of fat- soluble vitamins and pancreatic enzymes together should be con- sidered because most patients suffering from PEI after pancreatic surgery do not ingest enough pancreatic enzymes and eventually will develop vitamin deficiencies.29

FAT-SOLUBLE VITAMINS
Vitamin A
Vitamin A, also called retinol, is required for the growth of epithelial and red blood cells and aids in building adequate im- mune activity.30 It comes in the form of retinol, b-carotene, or retinyl ester in the diet. Fish oils, dairy products, egg yolk, and the liver are the main sources of retinol. B-carotene is present in vegetables and the liver converts it into retinol. Retinol, a form of vitamin A, is oxidized to retinaldehyde by aldehyde dehydroge- nase protein, which is then converted to retinoic acid (RA).31 Se- rum retinol concentrations lower than 0.35 mM reflect deficiency, and adequate concentrations are between 1.0 and 2.2 mM. AWest- ern diet is believed to contain more than enough vitamin A.32
Vitamin A in Pancreatic Cancer
Retinoic acid plays a central role in the immune system, and lack of RA can cause poor immune regulation and decreased cel- lular and humoral responses, but also a weak response to vaccines and poor lymphoid organ development.33 Sixteen percent of pa- tients with PEI due to chronic alcohol-induced pancreatitis, but without steatorrhea, had vitamin A deficiency.34 Another cause of low serum retinol concentration is inflammation. In this situa- tion, the liver starts to produce C-reactive protein with a concom- itantly decreased production of retinol-binding protein. Reduced retinol-binding protein levels have also been linked to an elevated neutrophil-to-lymphocyte ratio,35 a potent inflammatory biomarker used in pancreatic as well as other cancer prognostic studies.36,37 Decrease in retinol-binding protein results in an increase of un- bound retinol, which is excreted in the urine.34 However, there are ways of correcting the interference from inflammation.38 Retinoic acid also regulates cellular development, differentiation, proliferation, and apoptosis. Its pleiotropic impact is mediated by nuclear receptors known as retinoic acid receptors and retinoic X

receptors. In cancer-associated fibroblast (CAF) cells, RA has been demonstrated to inhibit the production of interleukin-6 (IL-6).39 In several forms of cancers, including pancreatic cancer, IL-6 is linked to tumorigenesis, as well as cancer progression, and treatment resistance.40–42 It was demonstrated that the suppres- sion of tumor cell migration and epithelial mesenchymal transi- tion (EMT) was linked to reduced IL-6 release from CAFs.43 Cancer-associated fibroblasts, which are abundant in the stroma of pancreatic tumors, help tumor cells proliferate, migrate, metas- tasize, and resist chemotherapy. Subsequently, CAFs treated with RA became immobile because of the low expression of ɑ-smooth muscle actin, fibroblast activation protein, as well as decreased ex- tracellular matrix formation. Cancer-associated fibroblasts are one of the main components of desmoplastic tissue, which surrounds the tumor cells and prevents immune cell infiltration, as well as preventing vascularization, and thus limiting exposure to conven- tional systemic therapy in pancreatic cancer.44–46 Although until now no clinical trials have published an objective response with RA in PDAC, CAFs response to RA seems promising.46 Further- more, pancreatic stellate cells (PSC), which are precursor cells of CAFs, store RA. When triggered by malignancy or inflammation, PSC lose their RA reserves and take on the characteristics of an ac- tivated myofibroblast. In mice, restoring RA depots inside PSC re- duced desmoplasia and slowed cancer progression.45 As a result, RA seems to be a suitable drug for reducing the activation of sev- eral pathways in PDAC.44,47 Noteworthy, it seems that RA levels do not always correspond with retinol levels. In patients with lung cancer, RA levels, and not retinol levels, were lower than normal.48 Thus, in patients with PDAC, not only retinol but also RA levels should be measured for the diagnosis of vitamin A deficiency.

Vitamin D
Ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3) are the most significant vitamin D molecules (vitamin D3). The ending “ol” of both compounds indicates that the compounds con- tain a hydroxyl group with the chemical formula –OH. The major natural source is cholecalciferol, which is synthesized in the skin by sun exposure. Vitamin D is biologically inactive and must un- dergo 2 stages of hydroxylation involving protein enzymes. The first step is in the liver where D3 becomes calcidiol (25(OH)D). In the second step, which occurs predominantly in the kidneys, 25(OH)D becomes calcitriol (1,25(OH)D). Whereas sun exposure in the population is variable and a safe amount of sun exposure in view of skin cancer is uncertain, vitamin D supplementation is ad- vised for a large part of the population.49 The European Calcified Tissue Society defines vitamin D-deficiency as a serum concen- tration of 25(OH)D <50 nmol/L independent of the time of the year the measurement is performed. However, the Australian guidelines state “The target level should be >50 nmol/L at the end of winter (10–20 nmol/L higher at the end of summer, to al- low for seasonal decrease) for optimal musculoskeletal health.”50 The spread of 10 to 20 nmol/L reflects the different latitudes, Perth in Australia is 32°S and Melbourne 38°S. The closer to the equa- tor, the smaller the difference between summer and winter. In the United Kingdom, which has the same latitude as the Netherlands, the difference between summer and winter is 25 nmol/L.51

Vitamin D in Pancreatic Cancer
Besides being the principal factor for optimal musculoskeletal health, vitamin D has many other biological effects.52 There are suggestions that higher serum concentrations, that is, >75 nM of vitamin D are needed for proper innate and adaptive immune re- sponses.53 Interestingly, inflammation lowers serum 25(OH)D levels. As the liver starts to produce C-reactive protein during


	




inflammation, the production of vitamin D binding protein decreases. This decreased production may increase unbound 25(OH)D, which is redistributed in the tissues.54
The following evidence supports vitamin D's significance in pancreatic cancer biology. The enzyme involved in the conversion of calcifediol to calcitriol has also been observed in adenocarcino- matous ductal cells and their proliferation is inhibited by the pres- ence of calcitriol.55 In vitro, vitamin D analogs reduce the prolifer- ation of pancreatic cancer cells, induce differentiation, and enhance apoptosis, and in vivo, they are known to inhibit pancreatic tumor growth.56,57 Calcitriol also improves the antitumor efficacy of gem- citabine in vitro and in vivo.58 Cholecalciferol and calcitriol radio- sensitize cancer cells.59 Thus, early suppletion of activated vitamin D, that is, calcitriol is a promising adjuvant in pancreatic cancer pa- tients treated with chemotherapy and radiotherapy. Moreover, the receptor for vitamin D is present on almost all cells of the immune system, and therefore it has a wide and complex effect on the im- mune cells.60 In pancreatic tumor stroma, a topical vitamin D ana- log (calcipotriol) showed a decrease in CAF proliferation and re- duction of the pro-tumorigenic factors, such as IL-6.61 Increased levels of inflammatory biomarkers have recently been related to vi- tamin D deficiency,62 and as a result, shorter overall survival in PDAC patients at all stages.63 Vitamin D deficiency could therefore have important clinical implications in pancreatic cancer patients' survival. However, a proper definition of vitamin D deficiency is needed, especially in the complex pathobiology of cancer patients.

Vitamin E
Vitamin E is not 1 vitamin, it consists of 4 tocopherols and 4 tocotrienols (a-, b-, d-, and g-). Plants make these 8 different forms of vitamin E, and they are all known to be potent antioxidants. A-tocopherol serum concentrations in persons older than 18 years are typically 15 to 35 mol/L. The prevalence of a-tocopherol defi- ciency is low because the Western diet contains sufficient a- tocopherol.64 Because tocotrienols are far less frequent in plants, deficiencies appear to be much more common in the general pop- ulation.65,66 However, measuring of tocotrienols is not commonly performed because the high-performance liquid chromatography method is recommended.67 Thus, tocotrienols are only mentioned in about 3% of all vitamin E publications.68

Vitamin E in Pancreatic Cancer
Although vitamin a-tocopherol deficiency is uncommon, animal and human studies suggest that intake above currently suggested levels can help the immune system age more slowly and improve the body's immunological response to cancer.69 Supplementing with vitamin E on a daily basis can improve the ac- tivity of neutrophils, lymphocytes, and natural killer cells.70 Al- though there are no data on tocotrienol serum levels in PDAC, vita- min d-tocotrienol has been demonstrated to enhance gemcitabine's anti-tumor effects and decrease nuclear factor kappa B (NF-κB) ac- tivation in pancreatic cancer.69 Because it is also recognized to be a critical transcription factor for inflammatory pathways, NF-κB has recently been explored as a possible conduit between cancer and inflammation. In 67% of human pancreatic tumors, NF-κB is activated, but not in normal pancreatic tissues.71 Vitamin d-tocotrienol reduces NF-κB activity, cell proliferation, cell sur- vival, and tumor formation in nude mice. By Western blot, NF-κB inhibition causes a reduction in phosphorylated IkBa ex- pression in pancreatic cancer cells (AsPc-1 and MIA PaCa-2 cells) and tumor tissues.69 In the cytosol, vitamin b-, d-, and g-tocotrienol considerably reduced ReIA (p65) IkBa subunit binding to DNA, whereas g- and d-tocotrienol dramatically reduced p65 binding to DNA in the nucleus.72 Inhibition of NF-κB has also been shown

to improve gemcitabine activity in pancreatic cancer cells.69,71,73–76 These findings show that tocotrienols' anti-pancreatic cancer ef- fect stems in part from their suppression of the NF-κB transcrip- tion factor. Furthermore, before evaluating the clinical importance of vitamin E administration, more studies assessing tocotrienol levels in PDAC are warranted.77

Vitamin K
Vitamin K (VK), like vitamin E, is not 1 vitamin. It consists of phylloquinone (VK-1), menaquinone (VK-2), and menadione (VK-3). Plants produce VK-1, which is used to treat bleeding dis- orders because of certain anticoagulants. Leafy green vegetables are a good source of VK-1, because VK-1 is directly involved in photosynthesis. VK-2 is synthesized by certain intestinal bacteria and food is a minor source.78,79 Menaquinone consists of several re- lated chemical subtypes and the 2 most studied are menaquinone-4 (MK-4) and menaquinone-7 (MK-7). Menaquinone-3, MK-5, and MK-6 make up the category of VK-3, these are synthetic vita- mins.11 An indirect test for VK-1 is the prothrombin time and sev- eral methods are available for direct quantification of serum VK-1, but not for serum VK-2.79,80 Reference values for serum concentra- tions of VK-1 are 0.8 to 5.3 nmol/L. However, VK-1 is usually not measured because its levels respond to dietary changes within 24 hours, whereas effects on the vitamin K–dependent proteins appear much later.81

Vitamin K in Pancreatic Cancer
Phylloquinone and dihydrophylloquinone in the diet, but not menaquinone, have been linked to a lower risk of pancreatic can- cer.82 However, in a large prospective study, the opposite was found. Dietary intake of menaquinone and not phylloquinone was inversely related to all-cause mortality.83 The explanation for the protective effect of VK-1 and VK-2 in PDAC could be the role they play in apoptosis. The lack of sensitivity to apoptotic stimuli is the primary cause of PDAC formation and progression, as well as its subsequent resistance to conventional therapies.84 The intrinsic, or mitochondrial, process of apoptosis is separated from the extrinsic, or death receptor pathway. Phylloquinone and VK-2 both triggered apoptosis in pancreatic cell lines, but VK-2 seemed more effective. Phylloquinone and VK-2 could thus assist in patients with pancreatic cancer as a single medication or in con- junction with chemotherapy for treatment or to prevent recurrence of pancreatic cancer after resection.85
Ras is the most frequently mutated oncogene. The exchange of guanosine diphosphate for guanosine triphosphate activates the enzyme and Raf kinase is then activated. Subsequently, Raf kinase activates Raf/mitogen-activated protien kinase, which in turn acti- vates extracellular signal-regulated kinase (ERK).86 Activation of ERK promotes tumor growth through an important autocrine growth loop.87 Phylloquinone is directly involved with the MEK- ERK pathway in pancreatic cancer, where it can induce apoptosis through inhibition of phosphor-MEK and phosphor-ERK.88 ERK phosphorylation and growth suppression were also observed after injections of menadione (VK-3) into pancreatic tumor tissues.89 Menaquinone has also been investigated for the treatment of liver cancer.90,91 In a prospective randomized controlled trial, a signif- icant risk reduction regarding the development of hepatocellular carcinoma occurred in Japanese women with viral cirrhosis of the liver who received 45 mg/d of vitamin K2.92 However, to our knowledge no clinical trials on VK-2 and pancreatic cancer treatment have been conducted. Furthermore, the typical range for VK-2 should be determined before such studies can be con- ducted, as it is unknown in the European population.93
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DISCUSSION
The late disease presentation and the aggressive nature of PDAC made this cancer the 5th leading cause of cancer-related deaths in 2008.94 Typical for this aggressiveness is the tendency of PDAC to cause the immune system to become tolerable to can- cerous cells instead of attacking them. Pancreatic ductal adenocar- cinoma is, therefore, characterized as a poorly immunogenic tu- mor. Myeloid derived suppressive cells (MDSCs), T regulatory cells, and M2 macrophages make up the majority of its microen- vironment.10 The tolerance to cancer in PDAC is also due to the upregulation of negative T-cell costimulatory molecules, such as PDL1, PDL2, and CTLA4. To date, immunotherapeutic regimes have failed in clinical trials mainly due to this complex landscape within tumor and stroma, and tangled combination of immune cells, chemokines, and receptor-ligands. By accepting this expla- nation, the question arises: “Why does this immune evasion hap- pen in PDAC?” We hypothesize that one of the reasons could be the fact that PDAC causes PEI, which starts a vicious cycle of im- mune modulation due to fat-soluble vitamin deficiencies. In this review, we describe these potent immune-modulating effects of fat-soluble vitamins in PDAC.
The prevalence of vitamin A deficiency at the time of diag-
nosis of PDAC is not well known, most likely it is around 20% be- cause after pancreatoduodenectomy, it is 21%.95 However, it may be higher because 50% of patients with PDAC have signs of a systemic inflammatory response,36 and during an inflammatory response a temporary vitamin A deficiency could exist.32 The im- portance of this temporary phenomenon needs to be investigated because an increased inflammatory response in PDAC is also as- sociated with poor prognosis.36 During this response low serum retinol concentrations are caused by increased urinary losses and decreased mobilization from the liver. These low serum reti- nol concentrations may have adverse effects on retinol availabil- ity to target malignant tissues, such as PDAC.96 Multiple, en- hanced, embryonic, context-specific signaling cascades triggered in PDAC appear to be dampened by RA. Retinoic acid also in- hibits cardiotoxicity of doxorubicin, a chemotherapeutic that shows promising results in PDAC, and RA combats the adverse effects of radiotherapy.97,98 Exogenous RA also abrogates the generation of MDSCs with negligible impact on myeloid differ- entiation.99 Finally, the all-trans retinoic acid, the vitamin A me- tabolite, seems to inhibit the proliferation of M2 macrophages.100 Therefore, retinol and RA supplementation, as soon as the diag- nosis of PDAC is made, could contribute to better survival. How- ever, the effectiveness of RA supplementation can only be effec- tively assessed once RA and retinol levels are determined.
It seems logical to exclude vitamin D deficiency in the case of PEI because the major natural source of vitamin D is the skin.101 This statement is correct if one considers a full year. In the Netherlands the diet supplies about 4 μg vitamin D per day and sun exposure 11 μg vitamin D per day in the months April un- til September. Thereafter, in the months October until March, the sun contributes only 2 μg vitamin D per day.102 For maintaining healthy bones, which have an average turnover of 10% per year, a yearly average intake of 10 μg vitamin D per day seems suffi- cient.103 In contrast, the turnover of the adult pancreas has been estimated to take approximately 4 months.104 When this period falls within the winter months, the major source of vitamin D is the diet and in the case of PEI, a vitamin D deficiency is likely to be present.105 It is unknown how common vitamin D deficiency is at the time of PDAC diagnosis, however, after pancreatoduode- nectomy 40% of the patients had a serum concentration of 25(OH)D
<50 nmol/L.95 One may assume that the same percentages may ap- ply to PDAC patients at the time of diagnosis. Whereas proliferation

of PDAC ductal cells is inhibited by the presence of calcitriol, and intraperitoneal injections of calcitriol abrogated the recruitment of MDSCs induced by IL-6 stimulation,106 vitamin D plus calcitriol supplementation as soon as the diagnosis PDAC is made, could contribute to improvement in PDAC survival.107 Yet, the results of suppletion can only be evaluated properly when 25(OH)D levels are corrected for the time of the year they are measured, as well as the presence or absence of inflammation.
Vitamin E deficiency has the following practical problem; there are 2 groups of vitamin E, the tocopherol and the tocotrienol group. The prevalence of a-tocopherol deficiency at the time of di- agnosis of PDAC is not known, after pancreatoduodenectomy, it is 3%.95 Serum tocotrienol levels are mostly not measured and no data are available regarding tocotrienol deficiency in PDAC. Tocotrienols have been shown to harbor anti-tumor activity, en- hance gemcitabine activity, and d-tocotrienols have been shown to suppress NF-κB activation in pancreatic cancer. Experimental studies have also shown a reduction of the T regulatory cells infil- tration in tumors by feeding mice with gamma-tocotrienol,108 and intraperitoneal injections of alpha-tocopherol seem to abrogate the recruitment of MDSCs.109 Thus, supplementation of, a-tocopherol and d-tocotrienol as soon as the diagnosis PDAC is made, should be considered, also because low side effects are expected.68,110 In this situation, too, the effects of d-tocotrienol supplementation can only be effectively assessed once d-tocotrienol levels are determined. Vitamin K deficiency has the same practical problems as vitamin E. There are 2 groups of vitamin K, the phylloquinone and the menaquinone group. Data on the prevalence of vitamin K deficiency at the time of diagnosis of PDAC are rare and when present it regards VK-1. One study reported that VK-1 defi- ciency was common in patients with hepatobiliary and pancre- atic disorders. A deficiency was found in 50.6% of 90 patients, of whom 8 with PDAC.111 Other studies reported that a decrease in pancreatic elastase is associated with serious deterioration of the microbiome, which is the major source of VK-2.112,113 Al- though menaquinone induced apoptosis in pancreatic cancer cell lines, menaquinone suppletion, as soon as the diagnosis PDAC is made, should be considered after evaluation of the
menaquinone levels.88


FUTURE PERSPECTIVES
Fat-soluble vitamins are usually described with the 4 capital letters A, D, E, and K, suggesting that there would be only 4 fat-soluble vitamins. In reality, there are at least 6 fat-soluble vita- mins, retinol (A), cholecalciferol (D), tocopherol (E), tocotrienol (E), phylloquinone (K-1), and menaquinone (K-2). The next problem is the definition of a deficiency. Minimum serum values of the vitamins, although not always a good representation of a deficiency, are usually used as such. However, here too, only ref- erence values are known for the vitamins A, D, tocopherol, and phylloquinone, but not for tocotrienols and menaquinones, which are showing promising results in treating PDAC. Therefore, se- rum levels of tocotrienol and menaquinone, both of which have promising immunologically mediated anti-tumor activity, should be measured in future studies. Also, randomized trials are needed to compare standard supplementation of fat-soluble vitamins in PDAC patients, especially the active form of retinol (retinoic acid also called tretinoin), the active form of ergocalciferol (calcitriol), tocopherol plus tocotrienol, and menaquinone. Furthermore, there is evidence to suggest that there is an association between PEI and body composition indices in patients with pancreatic dis- ease.114 Therefore, future studies should also focus on the effect of treating PEI and changes in body composition.


	




CONCLUSION
To conclude, PEI is a major contributor to malnutrition in pancreatic cancer. In this review, we provide an overview of the role of fat-soluble vitamin deficiencies in PDAC and highlight critical gaps of knowledge that should be addressed in future stud- ies. Indeed, because deficiencies of fat-soluble vitamins appear to play a crucial role in the immune disturbance and pathobiological behavior of PDAC, suppletion of these vitamins may represent an additional simple but effective strategy for the treatment of patients with PDAC.
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