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Pancreatic cancer is the fourth leading cause of cancer mortality among both men and

women in the United States with a 5-year survival rate of only 4%. Several dietary factors may

influence the risk of developing pancreatic cancer and its recurrence. Some of these factors

may offer innovative therapies for prevention of this disease. The goal of this review is to

provide an overview of pancreatic cancer, as well as current knowledge on the epidemiolo-

gical, in vitro, in vivo, and clinical studies conducted about this disease using various dietary

agents. The main focus is on food-based approaches for preventing this disease particularly,

citrus fruits, and foods containing flavonoids, curcumin, folate and vitamin D.
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1 Introduction

Pancreatic cancer is the fourth leading cause of cancer death

among both men and women in the United States [1]. This

disease is so aggressive that it kills more than half of all its

victims within 6 months of diagnosis, with the remaining

patients having only a 5-year survival rate of 4%. Although

no one knows the exact causes of pancreatic cancer, research

shows that people with certain risk factors are more likely to

develop this disease. The main risk factors of pancreatic

cancer include age, smoking, type 2 diabetes, family history,

race, obesity, poor physical activity, and chronic pancreatitis

[2] (www.cancer.gov). Age is the most significant unmodi-

fiable risk factor, whereas smoking is the most predominant

modifiable risk factor [3] and changes in the diet may also

play a role. Pancreatic cancer is often known as the silent

killer because symptoms, when they occur at all, are typi-

cally vague and nonlocalizing. Some of these symptoms

include jaundice, pain in the upper abdomen, weakness,

loss of appetite, nausea, vomiting, and weight loss [2]. By the

time most symptoms are noticeable, the cancer has already

spread to other organs and surgical intervention is no longer

a viable option [4]. It is because of such a poor outlook for

patients diagnosed with pancreatic cancer that there is a

need to expand our knowledge on different approaches that

can be used to prevent and/or treat this disease. The goal of

this review was to provide an overview of pancreatic cancer,

as well as an analysis of current knowledge on food-based

approaches for preventing pancreatic cancer, particularly the

role of bioactive compounds in citrus fruits, flavonoids,

curcumin, folate, and vitamin D.

2 Physiology of the pancreas

The pancreas is a glandular organ located deep within the

abdomen. This 6-in organ consists of three main parts: the

head, the body, and the tail, with the head being the widest

part. The pancreas is composed of two glands that have two

completely different functions. The endocrine gland, which

comprises only 1–2% of the pancreas’ mass, is made

up of millions of cell clusters called islets of Langerhans.

Its function is to produce and secrete into the blood

stream hormones such as insulin, glucagon, somatostatin,
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pancreatic polypeptide, and ghrelin. The exocrine gland,

which comprises 90–95% of the pancreas’ mass, is made up

of cell clusters called acini that surround the islets of

Langerhans. Its function is to synthesize and secrete

digestive enzymes including trypsin, chymotrypsin, lipase,

and amylase into the duodenum that help breakdown

proteins, lipids, and carbohydrates [5].

3 Pancreatic cancer

3.1 The prevalence of pancreatic cancer

There are two types of pancreatic tumors: exocrine ductal

epithelial adenocarcinoma and endocrine cancer, also called

islet cell cancer. The more common of the two tumors is

exocrine pancreatic cancer and about 95% of these tumors

are pancreatic adenocarcinomas [6] (http://www.cancer.org).

Of the people diagnosed with this disease, more than 90%

are over the age of 55, with the average age of diagnosis

being 72 years [6].

3.2 Pancreatic intraepithelial neoplasias and the

development of pancreatic cancer

Pancreatic adenocarcinomas are believed to arise from

noninvasive precursor lesions in the pancreatic ducts that

undergo histological and genetic mutations toward invasive

cancer. These histologically well-defined precursor lesions

are termed pancreatic intraepithelial neoplasias (PanINs)

[7, 8]. Figure 1 shows the three PanIN grades that normal

ductal epithelium undergo before they become invasive

adenocarcinoma. In PanIN-1A, the epithelial lesions are flat

and composed of tall columnar cells with basally located

nuclei and abundant mucin [8]. In PanIN-1B, the epithelial

lesions are papillary, but otherwise identical to PanIN-1A. In

these two early subcategories, mutations lead to the over-

expression/amplification/activation of EGFR, Kirsten Rat

Sarcoma virus (K-ras), Shh, Notch, and Wnt, and to the

deletion or loss of function of p21, PTEN, Telomere, and

attrition [7]. In PanIN-2, the epithelial lesions are papillary

and have some nuclear abnormalities (loss of polarity,

nuclear crowding, enlarged nuclei, pseudo-stratification,

and hyperchromatism) [8]. In this intermediate grade,

mutations lead to the overexpression/amplification/activa-

tion of Hes-1, cyclin D1, and ErbB2, and the loss of function

of p16 [7]. In PanIN-3 (or carcinoma in situ), the epithelial

lesions show the budding off of clusters of cells (cribri-

forming) into the lumen as well as luminal necrosis [8].

Mutations in PanIN-3 lead to overexpression/amplification/

activation of c-Met, Ki-67, Topo IIa, mesothelin, and telo-

merase; and the deletion or loss of function of p53, BRCA2,

Smad4, and TGF-bR [8].

3.3 K-ras signaling pathway in pancreatic cancer

One of the most frequently activated oncogenes in all

human cancers is K-ras, with over 25% of cancers having a

mutation in this gene. In pancreatic cancer, constitutively

active K-ras is found in over 95% of tumors, making it a

molecular signature of this disease [9]. K-ras, a member of

the small GTPase superfamily, is 21 kDa membrane-bound

protein. This protein is used to transmit signals from the

extracellular to the intracellular environment and when it is

in its active form, it mediates several cellular activities

including proliferation, survival, migration, and metabolism

[7, 10]. Normally, the K-ras activation pathway is regulated

by GTPase activating proteins, but single-point mutations

on K-ras codons 12, 13, or 61 render this protein resistant to

GTPase activating proteins inactivation and therefore

constitutively active [7]. K-ras is believed to be an initiator of

pancreatic cancer due to the research conducted using

Normal PanIN-2 PanIN-3

Invasion

PanIN-1A PanIN-1B

Figure 1. A schematic diagram

and histopathological images

that show the progression of

normal pancreatic ducts into

invasive pancreatic adeno-

carcinomas (adapted from

[114], histopathological images

from [8, 109, 115]).
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multiple mouse models that show that mutations to this

protein cause the formation of lesions that closely resemble

human PanINs. Continuous production of K-ras has also

been shown to be necessary in order to maintain tumor

progression. However, the exact mechanism of how K-ras

contributes to these factors of cancer is still unknown. What

is known is that K-ras propagates at least part of its signal

through three Ras pathways. The first pathway is the cell

survival promoting pathway of phosphoinositide-3-kinase.

The second is the RAF-MEK-ERK pathway and it plays an

important role in cell proliferation. The third pathway is the

Ral guanine nucleotide exchange factor pathway responsible

for activating Ral guanine nucleotide dissociation stimulator

(RalGDS), which in turn activates the G proteins, RalA, and

RalB, which are critical for K-ras-induced transformation

and tumorigenesis of human cells [7]. As K-ras plays such a

key role in pancreatic cancer, there has been considerable

interest in discovering compounds that can inhibit it and the

pathways they affect. Figure 2 shows how some of the

dietary factors discussed in this review affect K-ras and these

three pathways.

3.4 Common pancreatic cancer-risk factors

There are several common risk factors that can contribute to

the development of pancreatic cancer. They can be divided

into two categories: unmodifiable and modifiable. Unmo-

difiable risk factors include heredity, age, sex, and race.

Modifiable risk factors include smoking, obesity, and

physical inactivity, type 2 diabetes, high fat diet, and exces-

sive alcohol consumption [6].

3.5 Food-based approaches for treating pancreatic

cancer

Every year, about $881 million is spent on pancreatic cancer

treatment in the United States [11]. The main treatment

options for patients with pancreatic cancer are surgery,

chemotherapy, radiation, and targeted therapy. The treat-

ment option that is best for the patient depends on the

location of the tumor, whether or not the disease has spread,

and the patient’s age and general health [2].

There are two major diet-related prevention strategies

involved in cancer research: cancer chemoprevention and

dietary cancer prevention [12]. Cancer chemoprevention is

defined as the use of natural, synthetic, or biologic chemical

agents for pharmacologic intervention to prevent, inhibit, or

reverse carcinogenesis [13]. Dietary cancer prevention, on

the other hand, involves the modification of food

consumption patterns that are often accompanied by

lifestyle changes in order to decrease the risk [12, 14]. The

use of food-based approaches for the prevention of

pancreatic cancer has been explored in recent years based on

the epidemiological evidence that shows an inverse asso-

ciation between consumption of fruits and vegetables and

the risk of developing pancreatic cancer [15–17]. Figure 2

shows the structures of some of these compounds of

interest.
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Figure 2. Modulation of K-ras

and the signaling pathways it

affects in pancreatic cancer

cells by citrus fruit extracts,

apigenin, EGCG, genistein,

curcumin, maxacalcitol, and

paricalcitol.
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4 Pancreatic cancer and whole foods

4.1 Citrus fruits

Citrus fruits are one of the most important and largest fruit

crops produced worldwide, with approximately 100 million

metric tons produced annually [18]. This type of fruit is most

commonly consumed as fresh produce and juice. It is known

for its diverse and high phytonutrient content that contri-

butes to its health benefits [19]. Flavonoids, one of the major

classes of compounds in citrus, have been shown to have

antioxidant, antiproliferative, antitumor, anti-inflammatory,

and pro-apoptotic activities [20]. The most abundant flavo-

noids found in citrus are hesperidin, narirutin, neohesper-

idin, eriocitrin, neoeriocitrin, rutin, diosmin, neoponcirin,

and nobiletin [19]. Carotenoids are also found in the abun-

dance in citrus fruits, with over 115 of them that have been

identified [21]. Numerous studies have demonstrated that

high carotenoid intake may decrease the risk of cardiovas-

cular disease, age-related macular degeneration, and cancer

[22]. Among the carotenoids, b-carotene, lutein, zeaxanthin,

b-cryptoxanthin, and lycopene are found to be the most in

citrus fruits [19]. Citrus limonoids, a class of compounds that

are responsible for the delayed bitterness in citrus juices, have

been found to have several beneficial properties as well

including, antioxidant, hypocholesterolemic, antiviral, insec-

ticidal, and anticancer activities [23]. Limonin, nomilin, and

obacunone are the major limonoids present in citrus [24].

Several case–control and cohort epidemiological studies

have examined the effects of citrus fruits on the risk of

developing pancreatic cancer [15–17, 25–32]. The majority of

these studies show an inverse association between the

consumption of citrus fruit and the risk of developing this

disease. However, the existing data have inconsistencies and

diversity in the study designs limit the ability to fully

interpret the published observations. Relevant details about

the studies are summarized in Tables 1 and 2. Five of the

studies took place in the United States [17, 25–28], whereas

the rest were conducted in Italy [15], Sweden [16], The

Netherlands [29], Finland [30], China [31], and Japan [32]. All

of the studies adjusted for age and cigarette smoking, except

for that in [17] which did not. In all eleven of the studies, the

results showed that the higher the consumption of citrus

fruit the lower the risk of developing pancreatic cancer.

More recent studies have shown that citrus bioactive

compounds have the ability to inhibit multiple stages of breast

[33], colon [34], prostate [35], lung [36], and pancreatic cancers

[37, 38]. In an in vitro investigation conducted by Patil et al. [37],

the effects of freeze-dried lime (Citrus aurantifolia Swingle)

juice extracted with chloroform, acetone, methanol, or

methanol/water (8:2) on pancreatic cancer cells were tested.

The results showed that all four lime juice extracts inhibited

the growth of cancer cells in a dose-dependent manner, with

the methanol extract having the highest activity. The protein

levels of p53, Bax, Bcl-2, and caspase-3 demonstrated that the

lime juice extracts favored the induction of apoptosis in the

cancer cells. It was also determined by high-performance

liquid chromatography that the bioactive components in the

lime juice were the flavonoids: rutin, neohesperidin, hesper-

idin, and hesperetin; and the limonoids: limonexic acid, isoli-

monexic acid, and limonin. In another study conducted by the

same research group [38], they found that limonoids (limonin

glucoside, limonexic acid, isolimonexic acid, and limonin)

extracted from the seeds of the same type of lime also inhibited

pancreatic cancer cells through apoptosis.

5 Pancreatic cancer and bioactive foods
components

5.1 Flavonoids

Flavonoids are the largest class of polyphenols with over

5000 of them described. They are water-soluble secondary

metabolites that possess a common C6-C3-C6 structure and

provide much of the flavor and color to fruits and vegetables.

There are six major subclasses of flavonoids: flavones,

flavonols, flavanones, flavanols, anthocyanidins, and isofla-

vones [39]. In humans, flavonoids have a wide range of

bioactivities including anticancer, anti-inflammatory, and

antihypertensive properties [40]. Table 3 summarizes the

in vitro and in vivo studies that have been conducted on

compounds in each of the subclasses of flavonoids and

pancreatic cancer.

One class of flavonoids is the flavones and these include

apigenin, luteolin, tangeretin, and nobiletin, among others.

Apigenin, an isoconformer of the isoflavone genistein, has

been shown to possess antioxidant properties as well as anti-

inflammatory and anticarcinogenic effects [41]. In pancrea-

tic cancer, apigenin has been shown to have an anti-

proliferative effect on cell growth by downregulating the

expression of geminin protein and glucose uptake through

inhibition of the GLUT-1 transporter [42, 43]. It has also

been reported to induce cell-cycle arrest at G2/M phase

through the downregulation of cyclin A and cyclin B,

phosphorylated forms of cdc2, and cdc25 [44]. In addition,

apigenin has been shown to enhance the inhibitory and

apoptotic effects of the chemotherapeutic drug gemcitabine

both in vitro and in vivo by downregulating nuclear factor kB

(NFkB) activity with the suppression of Akt [45, 46].

The second class of flavonoids is the flavonols, which are

commonly present in many fruits vegetables, and some

examples are quercetin, myricetin, kaempferol, and rutin

[47]. One flavonol of great interest due to its anticancer

properties is quercetin. Quercetin has been shown to be a

free-radical scavenging antioxidant, as well as having the

ability to induce apoptosis and block different phases of the

cell-cycle in a variety of cancer cell lines [48]. In vitro and in
vivo quercetin has been shown to reduce apoptosis resis-

tance in pancreatic cancer by downregulating Hsp70 protein

[49]. In addition, it has been shown to inhibit the expression

and function of P-glycoprotein in resistant to daunorubicin
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pancreatic cancer cell line EPP85-181RDB [50]. Another

flavonol, kaempferol, has also been found to possess antic-

ancer properties, such as the ability to inhibit DNA synth-

esis and growth in cancer cells. In pancreatic cancer cells,

kaempferol has been shown to provide an additive inhibitory

effect when combined with 5-fluorouracil [51].

The third class of flavonoids is flavanones, commonly

represented in the diet by hesperidin, hesperetin, and

naringenin. Hesperidin, along with the flavonol rutin have

been recently discovered to have antiproliferative effects on

pancreatic cancer cells [37]; however, more research needs to

be conducted to determine their exact mechanisms of action.

Flavanols, the fourth class of flavonoids, have a

2-phenylchromanol skeleton. Examples of this class of

compounds are catechin, epicatechin, epicatechin 3-gallate,

epigallocatechin, and epigallocatechin 3-gallate (EGCG).

EGCG, the major green tea catechin, has been found to act

as an antioxidant, antiproliferative, antitumor, and anti-

angiogenic agent in several types of cancer. Specifically in

pancreatic cancer, it has been reported to induce apoptosis,

both in vitro and in vivo, through the activation of caspase-3,

the upregulation of pro-apoptotic Bax, Bak, Bcl-XS, and

PUMA, and the downregulation of antiapoptotic Bcl-2 and

Bcl-XL [52–54]. Catechin, another green tea flavanol, has also

been shown to have anticarcinogenic effects on pancreatic

cancer by inducing early apoptosis [55].

The last class of flavonoids reported to have antipancreatic

cancer effects is isoflavones. Isoflavones differ from the other

classes of flavonoids due to the fact that they have the B-ring

attached at the C3 position rather than at C2. Some naturally

occurring isoflavones include genistein, daidzein, and

genistin. Genistein, found in soybeans, has been shown to

enhance the inhibitory and apoptotic effects of the chemo-

therapeutic drugs gemcitabine (in vitro and in vivo), erlotinib

(in vitro), and cisplatin (in vitro and in vivo) by down-

regulating NFkB activity [56–59]. Most importantly, genistein

has been shown to abrogate NFkB activity caused by

gemcitabine and cisplatin [56, 58, 59]. In vitro studies on the

use of genistein alone to treat pancreatic cancer have shown

that it has the ability to inhibit cancer cell growth and induce

apoptosis through the downregulation of FoxMI, NFkB, and

Notch-1 activities [60–63]. In March 2010, a phase II clinical

trial was completed on the use of genistein in combination

with gemcitabine and erlotinib to treat patients with locally

advanced or metastatic pancreatic cancer. The results of this

study have not yet been published. As of July 2010, there is

one phase II clinical trial recruiting that will look at the effect

of genistein treatment on patients with resectable pancreatic

cancer [64], (http://www.clinicaltrials.gov).

5.2 Curcumin

Curcumin is a fat-soluble polyphenolic compound that is

the main and most active curcuminoid found in turmeric

(Curcuma longa L.) [65]. This compound is commonly used

as a spice in Asian countries as well as a natural food-

coloring agent [66, 67]. Curcumin has been a bioactive

compound of interest for many types of cancer including

breast [68], prostate [69], oral [70], ovarian, endometrial

[71], and others. The reason curcumin is so widely

studied in a variety of cancers, as well as other diseases, is

because of its many pharmacological properties including

antioxidant, anti-inflammatory, antimicrobial, antitumor,

antidepressant, and antiatherogenic activities [72, 73]. In

pancreatic cancer studies, curcumin has been used as a

bioactive agent in in vitro, in vivo, and phase I, II, and III

clinical trials.

The anticancer effects of curcumin on pancreatic cancer

in vitro have been widely researched and documented. Early

studies on the use of curcumin on pancreatic cancer showed

that it has the ability to suppress NFkB activity through the

inhibition of IkB kinase and therefore decrease the expres-

sion of the NFkB-regulated gene products COX-2, pros-

taglandin E2, and interleukin-8 [74]. Curcumin has been

shown to inhibit ERK activity, as well as downregulate

EGFR and Notch-1 signaling leading to increased apoptosis

in pancreatic cancer [75, 76]. Curcumin has also been shown

to augment the cytotoxic effect on pancreatic adenocarci-

noma cell lines when used in combination with the

chemotherapeutic drugs gemcitabine or celecoxib [77, 78]. A

more recent study conducted by Glienke et al. [79] was

aimed to determine the effect of curcumin on Wilms’ tumor

gene 1 (WT1), a gene frequently expressed in pancreatic

cancer. The results showed that WT1 expression was able to

be downregulated in a dose-dependent manner by curcu-

min. Another in vitro study conducted by the same research

group [80] found that curcumin has the ability to inhibit

signal transducer and activator of transcription 3 (STAT3)

protein and induce apoptosis by the downregulation of the

expression of the antiapoptotic gene Survivin/BIRC4 in

pancreatic cancer cells. Sahu et al. [81] used the single dose

of 2.5 mM of curcumin to determine the mechanism by

which it causes G2/M phase cell-cycle arrest. The results

showed that G2/M phase cell-cycle arrest was achieved by

increased phosphorylation of cdc25C, Chk1, and ATM, as

well as decreased DNA polymerase-b levels and expression

of cyclin B1 and Cdk1. Finally, a recently published study

showed that curcumin-encapsulated MePEG/PCL (40:60)

diblock copolymeric micelles could have a promising future

for the controlled delivery of curcumin as cancer therapy

[72]. In this investigation, the authors found that the

curcumin-encapsulated micelles had up to 2.95 times more

uptake into the pancreatic cancer cells than the unmodified

curcumin. The results from this study are of great impor-

tance because research has shown that curcumin, a natu-

rally hydrophobic compound, has very poor bioavailability

when administered alone either orally or intravenously [82].

Bar-Sela et al. [83] published a detailed review about the

clinical trials that have been conducted or are currently

ongoing that use curcumin as an anticancer agent. To

summarize the completed trials, two research groups
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published their results from their Phase II studies that used

8 g/day of curcumin as a treatment for patients with

advanced pancreatic cancer. In the study conducted by

Epelbaum et al. [84], they used a combination of curcumin

and gemcitabine to treat 17 patients and the results showed

that this combined treatment option is tolerable in patients

but suggested that the oral dose of 8 g/day of curcumin

should be reduced. In the study conducted by Dhillon et al.
[85], they only used curcumin as the 1st line treatment for

the 25 patients and the results showed that curcumin was

able to downregulate the expression of NFkB, COX-2, and

phosphorylated STAT3 in peripheral blood. As of July 2010,

there are currently three ongoing clinical trials using

curcumin as a treatment option for pancreatic cancer, two

phase II, and one phase III [64]. The phase III clinical trial,

being carried out at the Tev-Aviv Sourasky Medical Center in

Israel, is the first one for the use of curcumin to treat

pancreatic cancer. In this study, the researchers are using a

combination of curcumin and the drugs gemcitabine and

celecoxib to treat patients with advance or inoperable

pancreatic cancer.

6 Pancreatic cancer and nutrients

6.1 Folate

Folate is a water-soluble B vitamin found in fortified cereal

grains, leafy green vegetables, legumes, various seeds, and

liver. There are two forms of folate, the naturally occurring

form (folate, also used as the generalized term), and the

synthetically produced form (folic acid). The bioavailability

of folic acid is higher than folate because folic acid is

nonconjugated and more stable than folate [86]. Folate plays

a critical role in DNA synthesis, methylation and repair, and

an imbalance in these three functions may contribute to

carcinogenesis. In particular, a deficiency in folate has been

implicated in increasing the risk of pancreatic cancer due to

hypomethylation of DNA [86–88].

Several epidemiological studies have shown that a defi-

ciency in folate is associated with an increased risk of

pancreatic cancer [89–94]. Although most of these studies

suggest that increased intake of folate may help reduce the

risk of pancreatic cancer in both men and women, a recent

prospective study conducted by Oaks et al. [89] suggests that

only women benefit from higher folate intakes. In this

study, they analyzed the pancreatic cancer risk in

relation to folate intake by using a self-administered food-

frequency questionnaire to collect dietary data from 1998 to

2005 and a mailed annual questionnaire to determine

who developed the disease. The results from this study

showed that women had a significantly decreased risk of

pancreatic cancer when they consumed higher intakes of

folate from foods containing naturally occurring folate or

fortified with folic acid (Z253.3 compared with r179.1

mg/d; hazard ratio 5 0.47; 95% confidence interval (CI):

0.23–0.94). However, there was no significant association in

men consuming higher levels of food folate (Z229.6

compared with r158.0 mg/d; hazard ratio 5 1.20; 95% CI:

0.70–2.04).

6.2 Vitamin D

Vitamin D is a fat-soluble vitamin found in very few natural

dietary sources such as fatty fish and their oils, egg yolks,

liver, and mushrooms. The main source of vitamin D comes

from exposing the body to the ultraviolet rays from sunlight

and this source accounts for over 90% of our required

dietary intake [95]. There are two major pro-vitamins of

vitamin D, vitamin D2 (ergocalciferol), and vitamin D3

(cholecalciferol). These pro-vitamins must undergo two

hydroxylation steps, first in the liver and then in the kidney,

before they can become the active form of vitamin D (1,25-

dihydroxyvitamin D) [96].

Several epidemiological studies have reported that a

sufficient vitamin D status is inversely associated with the

risk of some cancers including colon, breast, prostate, and

ovarian [97]. In two large prospective studies conducted by

Skinner et al. [98], they hypothesized that higher vitamin D

intake, either from food or supplements, would lead to a

reduced risk of pancreatic cancer. The two cohort studies

that provided the information for their analyses were the

Nurses’ Health Study, 75 427 women ages 38–65 years as of

1984, and the Health Professionals Follow-up Study, 46 771

men ages 40–75 years as of 1986. During 16 years of

followup, they identified 365 incident cases of pancreatic

cancer. The multivariate1multivitamin relative risks were

adjusted for age (1-year intervals), time period (2-year

intervals), total energy intake (kcal), cigarette smoking,

history of diabetes, body mass index, height, region of

residence (north, south), parity (among women), and the

use of multivitamin supplements. The results from this

study found that participants in the highest category of total

vitamin D intake (Z600 IU/d) had a pooled multivariate1

multivitamin relative risk for pancreatic cancer of 0.59 (95%

CI: 0.40–0.88) compared with the lowest category of total

vitamin D intake (o150 IU/d). In another analyses

conducted by Bao et al. [99] on data collected from the

Nurses’ Health Study (73 371 women) and the Health

Professionals Follow-up Study (45 226 men), they assessed

the relationship between predicted vitamin D status and the

risk of pancreatic cancer. They identified 575 incident

pancreatic cancer cases over 20 years of followup. In this

study, they used plasma 25-hydroxyvitamin D as an indi-

cator of vitamin D status. Briefly, they used a sample of 1095

men from the Health Professionals Followup Study who

had available plasma 25-hydroxyvitamin D measurements

and who were cancer free at the time of blood draw. They

then calculated a 25-hydroxyvitamin D score using known

predictors of vitamin D status for each individual

and examined the predicted 25-hydroxyvitamin D levels in

Mol. Nutr. Food Res. 2011, 55, 58–73 67

& 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



relation to pancreatic cancer risk. Relative risks were

adjusted for age, sex, race, height, cigarette smoking, and

diabetes. The results from this study found that participants

who had higher estimated 25-hydroxyvitamin D scores also

had significant reduction in pancreatic cancer risk (relative

risk of 0.65, 95% CI (0.50–0.86)).

In experimental studies, 1,25-dihydroxyvitamin D3

(calcitriol) has been shown to induce differentiation and

inhibition of various types of cancer cells including colon

[100], breast [101], and prostate [102]. However, the use of

1,25-dihydroxyvitamin D3 as an anticancer agent is limited

because of its toxic hypercalcemia-inducing activity. To

overcome this drawback, anticancer analogs of this

compound that have less calcemic effects have been devel-

oped. For example, Kawa et al. [103] compared the effect of

vitamin D3 analog, 22-oxa-1, 25-dihydroxyvitamin D3,

maxacalcitol, with that of 1, 25-dihydroxyvitamin D3 on

treating nine different pancreatic cancer cell lines. In this

study, in vitro assays showed that both maxacalcitol and

calcitriol significantly inhibited the proliferation of the

cancer cell lines Hs 700T, BxPC-3, and SUP-1 in a dose-

dependent manner and caused G1 phase cell-cycle arrest.

In vivo, it was found that maxacalcitol significantly inhibited

the growth of BxPC-3 xenografts, 38% of controls at the end

of the experiment, while having no hypercalcemic effect.

Calcitriol, on the other hand, was not able to significantly

inhibit the growth of BxPC-3 xenografts but significantly

induced the elevation of serum calcium. Schwartz et al. [104]

conducted another study that compared the effects of the

vitamin D analog 19-nor-1, 25-dihydroxyvitamin D2 (pari-

calcitol) with calcitriol on pancreatic cancer. The results

from this investigation showed that paricalcitol was able to

inhibit the growth of pancreatic cancer in vitro in a dose-

dependent manner similar to calcitriol through the upre-

gulation of the cell-cycle inhibitors p21 and p27. In vivo,

paricalcitol was shown to inhibit AsPC-1 xenografts at doses

that did not induce hypercalcemia.

In 2009, the results were published from a phase II

clinical trial that used the chemotherapeutic drug docetaxel

enhanced with calcitriol to treat patients with locally

advanced or metastatic pancreatic cancer [105]. In this study,

25 patients were given oral calcitriol 0.5 mg/kg on day 1,

followed by docetaxel 36 mg/m2 IV on day 2. This treatment

was administered weekly for 3 wk, followed by 1 wk without

treatment. The results found that three patients had a partial

response (12%) to the combination treatment, seven

patients had stable disease (28%), and nine patients frankly

progressed (36%). This study was successful in increasing

the time-to-progression of this disease from 1.5 to 3.6

months; however, the results were not comparable to the

standard chemotherapy for pancreatic cancer. The current

consensus is that gemcitabine should be used alone or in

combinations with a platinum agent (oxaliplatin), erlotinib,

or a fluoropyrimidine (5-fluorouracil or capecitabine), espe-

cially in selected patients with high-performance status

[106–110].

7 Summary and conclusion

Pancreatic cancer is a devastating disease with a dismal

outlook for diagnosed patients. Although there have not

been a sufficient number of clinical trials, promising dietary

factors to prevent pancreatic cancer include citrus fruits,

flavonoids, curcumin, folate, and vitamin D. Curcumin is

one of the most important bioactive compounds that have

been studied for its chemoprotective effects on pancreatic

cancer. In vitro studies have shown that curcumin has the

ability to inhibit a diverse range of molecular targets in

pancreatic cancer cells including NFkB, EGFR, WT1, and

STAT3. Phase II clinical trials of curcumin have shown

encouraging chemoprotective effects in patients with

pancreatic cancer and have determined that curcumin can

be safely administrated to patients at oral doses up to 8 g/d.

However, in order to validate curcumin as a pharmaceutical

for pancreatic cancer treatment, more large-scale trials are

needed. Another important limitation of curcumin research

is its poor bioavailability and more studies are needed to

develop ways to effectively deliver curcumin to its target

sites.

Several flavonoids found in a variety of fruits and vege-

tables have also been shown to inhibit pancreatic cancer at

various molecular targets including cell-cycle, Akt, NFkB,

ERK, and many others (Fig. 3). The isoflavone genistein is

one of the more studied flavonoids in pancreatic cancer. It

has been shown to effectively inhibit NFkB and its regulated

genes in vitro, both alone and in combination with chemo-

therapeutic drugs. Another important finding about genis-

tein is that it has the ability to abolish the activation of NFkB

induced by the chemotherapeutic drugs gemcitabine and

cisplatin when used as a pretreatment for either of them.

Currently, there is one on-going phase II clinical trial on the

use of genistein in treating resectable pancreatic cancer

patients. However, more clinical trials are needed to explore

the efficacy and application of genistein in treating

pancreatic cancer.

The use of citrus fruit extracts to treat pancreatic cancer

has become of interest only in the past few years. Using

citrus fruit extracts instead of individual compounds to treat

pancreatic cancer is of great interest because it allows the

use of low doses of multiple bioactive compounds and

nutrients instead of large doses of single compounds, and

therefore reducing the possibility of reaching toxic effects.

When comparing the inhibitory effects of different extrac-

tion methods of lime juice on pancreatic cancer, it was

found that the methanol extract exhibited the highest inhi-

bitory effect. Although the results from this study provide

insight into the best options for extracting citrus fruits, more

research needs to be conducted on various types of citrus

fruits extracts and their mechanisms of action by which they

affect pancreatic cancer.

Folate and vitamin D have good epidemiological evidence

that shows that consumption of either of these nutrients

leads to a reduced risk of pancreatic cancer. However, both of
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the nutrients have few experimental studies needed to help

draw conclusions about either of their impacts on pancreatic

cancer. Another limitation for the use of vitamin D as

an anticancer agent is that its active form causes toxic

hypercalcemia-inducing activity. The use of vitamin D

analogs instead of active vitamin D has been a proven way to

overcome this limitation both in vitro and in vivo, while still

having a negative impact on pancreatic cancer growth.

The role of food bioactive compounds in the prevention

and/or treatment of pancreatic cancer is very promising.

With a better understanding of how specific bioactive

substances affect pancreatic cancer cell growth, scientists

will be able to develop therapeutic treatment options that

have less harmful side effects than current chemother-

apeutic drugs.

The authors have declared no conflict of interest.
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