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Abstract. Pancreatic ductal adenocarcinoma (PDAC) was the 12th and 11th most common cancer in men and women
worldwide in 2012, with the highest incidence in North America and Europe and the lowest in Africa and Asia. Due to
the lack of efficient early diagnosis and rapid disease progression, PDAC patients have a 5-year survival rate of just 5%.
Epidemiological studies suggest that smoking, obesity, type II diabetes, and pancreatitis are common risk factors for PDAC
development. By contrast, high intake of fresh fruit, vegetables, and nuts rich in phytochemicals could reduce PDAC risk. This
review summarizes the human clinical studies that have used berries or other natural products for chemoprevention of PDAC.
Developing chemopreventive agents against PDAC would be tremendously valuable for the high-risk population and patients
with premalignant lesions. Although some clinical trials of these agents have been completed, most are in early phases, and
the results are not promising, which may be due to administration of the natural products at advanced stages of PDAC. Thus,
further mechanistic studies using genetic animal models that recapitulate the tumor microenvironment and immunology of
human PDAC would be informative for selecting an effective window for intervention with berries or other natural compounds.
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1. Introduction

Pancreatic cancer was the 12th most common cancer in men and the 11th in women worldwide in 2012 [1, 2].
The highest incidence was in North America and, especially, in Europe [2], which had one third of estimated new
cases in 2012 [2]. The lowest incidence was in East Asia and Africa [2]. Because of its extremely high mortality
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rate, pancreatic cancer was the 7th leading cause of cancer-related deaths worldwide in 2012 [2]. In the United
States, an estimated 53,670 new cases of pancreatic cancer and 43,090 pancreatic cancer-related mortalities will
occur in 2017, making pancreatic cancer the 4th leading cause of cancer mortality in the U.S. [3]. More impor-
tantly, pancreatic cancer is projected to surpass breast, prostate, and colorectal cancer to become the 2nd leading
cause of cancer-related death in the U.S. by 2030 [4]. Similarly, it is projected to be the Sth most common cancer
and the 2nd leading cause of cancer mortality in Germany by 2030 [5]. Due to the lack of efficient early diagnosis,
as well as aggressive disease progression and metastasis, pancreatic cancer patients have a 5-year survival rate of
about 5% in all races, which is significantly lower than any other type of cancer [2, 3]. Although many unmodifi-
able risk factors could contribute to the development of pancreatic cancer, such as aging, race, family history, and
genetic syndromes, many modifiable risk factors have been reported to strongly associate with disease incidence,
including smoking, type II diabetes, obesity, inadequate physical exercise, and chronic pancreatitis [6, 7].

Most pancreatic cancer patients present with symptoms of weakness, loss of appetite, nausea, vomiting, jaun-
dice, pain in the upper abdomen, and weight loss. Although several tumor biomarkers [8], especially carbohydrate
antigen 19-9 (CA-19.9) [9], appear to have promising prognostic and predictive features, no biomarkers have
been established for detecting early lesions. In most pancreatic cancer cases, the cancer has already metastasized
to other organs by the time symptoms become noticeable, and surgical intervention may no longer be a viable
option [10]. In 1997, gemcitabine became the first standard chemotherapeutic drug for metastatic pancreatic
cancer because it produced a significant but moderate median overall survival (OS) benefit over 5-fluorouracil
(5-FU) [11]. More combination regimens based on gemcitabine have been investigated, but only the combination
of albumin-bound paclitaxel (nab-paclitaxel) and gemcitabine significantly improved OS (8.5 vs. 6.7 months,
p<0.001) and progress-free survival (PFS) (5.5 vs. 3.7 months, p<0.001) compared to gemcitabine alone
[12]. The other combinations with gemcitabine failed to generate meaningful improvements in OS. However, a
gemcitabine-free combination, FOLFIRINOX (folinic acid, fluorouracil, irinotecan, and oxaliplatin) significantly
improved OS benefit (11.1 vs. 6.8 months, p <0.001) and PFS benefit (6.4 vs. 3.3 months, p <0.001) compared
to gemcitabine alone [13]. Unfortunately, both the nab-paclitaxel-gemcitabine and FOLFIRINOX regimens led
to substantial toxicity, such as peripheral neuropathy and myelosuppression.

Almost half of pancreatic cancer patients reach out for a second-line therapy due to disease progression. The
combinations of 5-FU with oxaliplatin or liposomal irinotecan are currently recommended for patients who
fail gemcitabine-based first-line treatment/s [14—16], while a gemcitabine-based therapy is recommended as
the second-line option for patients who received FLOFIRINOX as the first-line therapy. However, for patients
who have progressed beyond two lines, no standard of care is available. Enrollment in clinical trials of novel
treatments is advocated for these patients [17].

Due to the late stage of detection, cancer-induced cachexia is a large comorbidity in pancreatic cancer, as it
not only significantly impacts patients’ overall quality of life but also decreases survival rates. Accordingly, there
is an urgent need to develop and establish a reliable screening and early detection method, as well as to expand
our understanding of the disease so we can find new approaches to preventing and treating pancreatic cancer
by administering one or more combinations of natural and/or synthetic agents. In recent years, natural dietary
compounds have gained increasing attention as adjuvant therapy due to their relative low toxicity and synergistic
effects with current chemotherapeutic agents. In this review, we focus on the use of berries and other natural
compounds for chemoprevention of pancreatic cancer, particularly in human clinical trials. For comprehensive
summaries of pancreatic cancer prevention using natural products in cell culture models and animals, readers
are referred to other excellent reviews [18, 19]. Interventional clinical trials of human pancreatic cancer using
natural products are listed in Table 1.

2. Materials and methods

We performed a PubMed and ClinicalTrials.gov search for publications from 1985 through 2017, using the
following key words: pancreatic cancer, dietary supplement, berries, nutrition, diet, polyphenols, or human
clinical trials.
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Articles and clinical trials that described and compared the impact of natural products on pancreatic cancer
were first screened according to abstracts and titles. Then selected articles were assessed for eligibility as full-
text articles. No language restrictions were applied. Reference lists from studies selected by the electronic
search were manually searched to identify further relevant reports. Reference lists from all available review
articles and primary studies were also considered. The quality and level of strength of the results were also
considered.

3. Berries

In botanical terminology, a berry is a simple fruit that is indehiscent (doesn’t split open to release its seeds
when ripe), has few-to-many seeds, and is derived from a single, simple, or compound ovary [20]. Thus, berries
include many commonly consumed fruits and vegetables, such as strawberries, blueberries, blackberries, red
raspberries, black raspberries, cranberries, grape, kiwi, banana, tomatoes, eggplant, cucumber, watermelon, etc.,
as well as many uncommon types, such as gooseberries, Goji berries, elderberries, noni (Morinda citrifolia),
and acai (Euterpe oleracea Mart), etc. When we used the names of these berries mentioned above and “pan-
creatic cancer” as keywords to search publications, we identified one study that used blueberries and five other
studies that used grape. They were limited to in vitro and in vivo studies. Although no berry studies on humans
are available, these preclinical studies suggest that berries show promise for preventing pancreatic cancer in
humans.

3.1. Black raspberries

Black raspberries (BRBs) have been shown to have chemopreventive effects against colorectal cancer in
human patients [21-23] and mouse models [24-26]. Our laborabory focuses on the potential efficacy of BRBs
against pancreatic cancer. In one of our most recent studies, we investigated the potential effects of BRBs
against pancreatic cancer in mice [27, 28]. Four-week old Kras™SL-C12D/* _Typ53LSLRI72H/ _p(x_]-Cre (KPC)
mice were fed either a control diet (AIN-76A) or the control diet supplemented with 5% BRBs. The KPC
mice, which carry Kras and Trp53 mutations in the pancreas, spontaneously develop pancreatic cancer that
molecularly and pathologically recapitulates human pancreatic cancer [29-31]. Kaplan-Meier survival anal-
ysis showed that 5% BRBs significantly prolonged the survival of the KPC mice, with a median survival
of 189 days compared with 154 days for mice fed the control diet. Molecular studies further suggested
that BRBs suppressed Raf/mitogen-activated protein kinase kinase (MAPKK, MEK)/mitogen-activated pro-
tein kinase (MAPK, ERK)/signal transducer and activator of transcription 3 (STAT3) pathways, which are all
downstream targets of Kras activation. They also inhibited cancer cell proliferation in pancreatic tumor tissues
(Fig. 1). Furthermore, 6 weeks of 5% BRB treatment significantly reduced tumor size in an immune-deficient
mouse model lacking functional T and B cells (NOD.SCID mice orthotopically injected with Panc-1 cells)
[32]. Additionally, orthotopic tumors in BRB-treated NOD.SCID mice had a higher rate of apoptosis than
tumors from control diet-fed mice (Fig. 1). These results support the hypothesis that BRBs might have clin-
ical potential for delaying pancreatic cancer progression through the suppression of cancer cell proliferation
and/or promotion of cellular apoptosis. In addition, we investigated BRB’s ability to modulate pancreatic can-
cer immune surveillance. BRBs decreased tumor-infiltrated myeloid-derived suppressing cells (MDSC) and
increased cytolytic natural killer (NK) cells in both KPC mice and NOD.SCID mice. BRBs also increased
tumor-infiltrated CD8™ T cells in KPC mice. Expression of IL-12, a cytokine that activates both NK cells and
CD8™ T cells, was increased by BRBs (manuscript under revision). These results suggest that BRBs have the
potential to modulate cancer immune surveillance by reversing the immunosuppressive microenvironment and
enhancing anti-tumorigenic NK cells and CD8™ T cells, thus prolonging the survival of mice bearing pancreatic
tumors.
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Fig. 1. Effects of berries and other natural products on cellular pathways associated with pancreatic cancer in preclinical models.

3.2. Blueberries

Pterostilbene (10-100 uM), a stilbenoid derived from blueberries, was shown to inhibit cell proliferation
and/or induce cell death, cell cycle arrest, mitochondrial membrane depolarization, and activation of effector
signaling cascades in two pancreatic cancer cell lines (MIA PaCa-2 and Panc-1) [33].

3.3. Grape

Grape seed procyanidin extract (GSPE) was shown to inhibit cell proliferation and induce apoptosis in pancre-
atic cancer cell lines (MIA PaCa-2, Panc-1, AsPC-1, and BxPC-3) [34-37]. It also inhibited the growth of MIA
PaCa-2 pancreatic tumors in xenograft mice [35]. Gallic acid was identified as a major single active constituent
of GSPE [34]. In addition, resveratrol, a phenolic compound found in grape skin, was shown to inhibit cell
proliferation in human pancreatic cancer cell lines (CD18 and S2-013) [38].

4. Other natural products

Many other natural products were evaluated, or are under investigation in human clinical trials, such as
curcumin, green tea, vitamins, and fish oil (Table 1). Results from some early-phase trials, particularly vitamin
C and vitamin D, may provide novel insight for combination therapies.



P. Pan et al. / Berries and other natural products in pancreatic cancer chemoprevention 153

4.1. Curcumin

Preclinical studies have shown that curcumin, which is derived from turmeric (Curcuma longa), has a wide
range of effects, such as anti-inflammatory, pro-apoptotic, anti-proliferative, and anti-angiogenic activities (Fig. 1)
[39—42]. Moreover, several human clinical trials have shown that curcumin is a safe treatment for pancreatic
cancer patients. In a phase I/II study conducted at Kyoto University Hospital, oral curcumin was shown to be both
safe and tolerable for gemcitabine-resistant pancreatic cancer patients [43]. Curcuminoids in this clinical trial
were courteously provided by the Sabinsa Corporation (Piscataway, NJ) in microbead form [43]. Twenty-one
patients with histologically or radiologically confirmed adenocarcinoma in the pancreas who showed disease
progression during gemcitabine-based chemotherapy were included in that study. The patients received 8 g of oral
curcumin daily in combination with gemcitabine-based chemotherapy. No patients withdrew from the study due to
intolerability of curcumin, and the toxicity profile was comparable with that observed in pancreatic cancer patients
treated with gemcitabine therapy alone. These findings support the possibility of supplementing gemcitabine-
based chemotherapy with curcumin treatment. Encouragingly, several patients reported improvements in cancer-
and chemotherapy-related symptoms such as fatigue, pain, and constipation after taking curcumin [43]. However,
this study did not include a quality-of-life score among its pre-specified endpoints.

Another phase II trial investigated the clinical effects of curcumin treatment for patients with histologically
confirmed pancreatic adenocarcinoma [44]. Curcumin was also obtained from Sabinsa Corporation as 1 g caplets
[44]. Twenty-five patients were enrolled, with 21 evaluable for response to curcumin treatment. The patients
received 8 g of oral curcumin daily until disease progression, and the disease was restaged every 2 months.
Plasma curcumin levels remained relatively constant, ranging from 22 to 41 ng/mL [44]. Two patients showed
clinical biological activities: the first had ongoing stable disease for more than 18 months, and the other had a
brief (one-month) but dramatic period of tumor regression [44]. Furthermore, no toxicities due to curcumin were
observed, and plasma curcumin levels were comparable with those in other studies [43].

Another clinical trial evaluated the activity and feasibility of gemcitabine in combination with curcumin
in patients with advanced pancreatic cancer [45]. Seventeen patients received 8 g of oral curcumin (Sabinsa
Corporation) daily combined with intravenous injection of gemcitabine (1,000 mg/m?) weekly for 3 weeks,
followed by a 1-week rest. Five patients (29%) discontinued curcumin after a few days to 2 weeks due to
intractable abdominal fullness or pain, and the dose of curcumin was reduced to 4 g/day because of abdominal
complaints in 2 other patients. One of 11 evaluable patients had a partial response, 4 had stable disease, while 6
had tumor progression. Time to tumor progression ranged from 1-12 months, with a median of 2.5 months, and
overall survival was between 1 and 24 months, with a median of 5 months [45]. Low compliance for curcumin
at a dose of 8 g/day, when taken together with systemic gemcitabine, may prevent the use of the high doses of
oral curcumin needed to achieve a systemic effect. Further studies should evaluate whether other formulations
of curcumin could enhance the effects of chemotherapy.

In a recently published retrospective case-control study, the effects of curcumin on the body composition of
66 patients with advanced pancreatic cancer (22 patients on the treatment arm and 44 patients on the control
arm) were evaluated [46]. The pancreatic cancer patients who were treated with curcumin lost significantly more
subcutaneous fat and muscle than the untreated patients [46]. In the same study, sarcopenic patients treated
with curcumin (rn=15) had a median survival of 169 (115-223) days compared to a median survival of 299
(229-369) days for the untreated sarcopenic patients (p =0.024). No survival difference was found among the
non-sarcopenic patients [46]. Therefore, the muscle loss associated with curcumin treatment should be taken
into consideration when combining curcumin with other chemotherapies.

One difficulty with curcumin treatment is low bioavailability even when the supplement is taken in large doses
[47]. The absorption and elimination half-lives of orally administered curcumin (2 g/kg) in rats were reported to
be 0.31 £0.07 and 1.00 0.5 h, respectively. A 2 g dose of curcumin resulted in undetectable serum curcumin
levels in human patients [48]. In the two previously mentioned clinical trials with a dose of 8 g of curcumin,
plasma curcumin levels ranged from 22—41 ng/mL and 29-412 ng/mL [43, 44], suggesting that individuals very
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widely. As plasma curcumin level is not a perfect representation of the supplement’s bioavailability in the
pancreas, uptake of curcumin by the pancreas needs to be measured in a more direct manner before strong
conclusions can be reached about bioavailability during curcumin treatment. For example, it can be measured
in surgically removed pancreas in pre-surgical window-of-opportunity trials. Some studies have used curcumin
analogues to increase bioavailability and treatment effectiveness. In the pancreatic cancer cell line PK-1, the
curcumin analog GO-Y030 induced cell death to a similar extent to curcumin itself, but at a 10-fold lower
concentration [49]. However, the bioavailability and safety of GO-Y030 in human pancreatic cancer patients
has yet to be determined. Another promising curcumin analogue is difluorinated-curcumin (CDF), which was
developed to enhance bioavailability specifically in pancreatic tissues. CDF accumulated in the pancreas of mice
at a 10-times higher level than curcumin [50]. Furthermore, when CDF was conjugated with -cyclodextrin,
levels of the complex were 10 times higher in the pancreas than in serum [51]. The mechanism by which -
cyclodextrin increases bioavailability might be attributed to its hydrophobic core and hydrophilic outer layer,
which allows for enhanced solubility of hydrophobic compounds such as curcumin and its analogues. These
results are encouraging, as the bioavailability of curcumin is one of the key limitations to its effectiveness as
a chemotherapeutic agent against pancreatic cancer. Furthermore, the toxicity and bioavailability of curcumin
analogues need to be investigated to determine if they are safe and should be used in future clinical trials.

The efficacy of curcumin will also need to be investigated in a genetic model of pancreatic cancer. Particularly
with respect to pancreatic cancer, tumor xenograft models have been largely disappointing in their ability to
predict the therapeutic efficacy of treatments in humans. For example, curcumin was very effective in orthotopic
mouse models [52, 53], but the results of human clinical trials with curcumin were not consistent with the
orthotopic mouse experiments [44, 54]. Therefore, it would be useful to investigate the efficacy of curcumin
and its analogues in a genetic model of pancreatic cancer, such as Kras™SL-012P/* _pdx-]-Cre (KC) mice, which
carry the Kras mutation only in the pancreas, or KPC mouse models, which recapitulate the complex tumor
microenvironment in human pancreatic cancer [55].

4.2. Green tea polyphenols

Green tea made from the plant Camellia sinensis contains large amounts of polyphenols, specifically catechins
such as (-)-Epigallocatechin-3-gallate (EGCG). These polyphenols have strong chemopreventive effects such as
inhibiting the growth and invasion of pancreatic cancer cells and inducing apoptosis [56—63]. They also are strong
antioxidants [64—70] both in vivo and in vitro (Fig. 1). In addition, the combination of EGCG and pterostilbene
from blueberries had additive, anti-proliferative effects in vitro; it also altered apoptotic mechanisms in pancreatic
cell lines (MIA PaCa-2 and Panc-1) [71].

Based on these promising results, green tea extracts were used in a double-blind, randomized, clinical trial as
part of an oral antioxidant before surgery [72]. Thirty-six pancreatic cancer patients undergoing pancreaticoduo-
denectomy were randomized to receive either the pre-conditioning oral nutritional supplement (Fresenius Kabi,
Bad Homburg, Germany) that contained the green tea extract or a placebo. The nutritional supplement or placebo
was given twice a day before surgery as well as 3 hours before the surgery. On postoperative days 1, 3, and 7,
total endogenous antioxidant capacity and plasma levels of several vitamins and proteins were measured along
with markers for oxidative stress and systemic inflammatory markers. On postoperative day 1, plasma levels
of vitamin C, selenium, and zinc were higher in the nutritional supplement group than in the placebo group.
Furthermore, total endogenous antioxidant capacity was improved at all 3 time points in the nutritional supple-
ment group. However, there was no difference in levels of oxidative stress and systemic inflammation markers
between the two groups. One limitation of this study was that plasma levels provide only an approximation of
endogenous antioxidant activity in the pancreas. Assessing antioxidant levels in surgical tissues would provide
direct information on the effect of the nutritional supplement. Another possible limitation of the study was that
the nutritional supplement was given only before surgery and not during the time when increased antioxidant
activity might be most beneficial. It is likely that the positive effects from the nutritional supplement treatment
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seen on postoperative day 1 could have continued if nutritional supplementation had continued after the surgery.
Further studies need to determine both the optimal dosage and length of nutritional supplementation that would
produce the greatest anti-oxidative effect.

In recent years, several epidemiological studies have examined the effect of green tea intake on the risk of
developing pancreatic cancer [73—77]. These studies have been largely inconclusive, as studies in China indicated
a reduction in pancreatic cancer risk associated with green tea intake [73, 76], while others in Japan found no
association [74, 75]. One major drawback to these epidemiological studies is that all the results were self-reported
and therefore subject to bias. Also, measurements of green tea intake were also inconsistent between studies.
For example, one Japanese study focused on the frequency of green tea intake (1-2 days/week; 3—4 days/week;
etc.), while another used the total amount of green tea (grams of dry tea leaves) [73, 75]. Furthermore, all of
these studies were conducted exclusively in China or Japan, and any results might not translate well to people
in other areas. For example, one Japanese study reported that 79.2% of men and 76.6% of women said they
consumed green tea every day [74]. It would be interesting to investigate the effects of green tea consumption
in cultures where the intake of green tea is not as widespread. Thus, further laboratory and epidemiological
research, especially involving a wider range of populations, is needed to validate the association between green
tea consumption and pancreatic cancer risk.

4.3. Vitamins

4.3.1. Vitamin C (ascorbate)

Pharmacologic ascorbate can be cytotoxic because it can be oxidized to H>O,. Pancreatic cancer cells are
sensitive to HyO; generated by ascorbate, they would be expected to become sensitized to agents, such as ionizing
radiation, that increase oxidative damage [78]. One study demonstrated that pharmacologic ascorbate enhanced
the cytotoxic effects of ionizing radiation as seen by decreased cell viability and clonogenic survival in the
pancreatic cancer cell lines examined but not in normal pancreatic ductal epithelial cells [78]. Radio-sensitization
induced by ascorbate was associated with increased oxidative stress-induced DNA damage, which was reversed
by catalase. In mice with established heterotopic and orthotopic pancreatic tumor xenografts, pharmacologic
ascorbate combined with ionizing radiation decreased tumor growth and increased survival without damaging
the gastrointestinal tract or increasing systemic oxidative stress.

A phase I clinical trial (PACMAN trial) was performed to establish the safety and tolerability of pharmacolog-
ical ascorbate combined with gemcitabine in patients with biopsy-proven stage IV pancreatic adenocarcinoma
[79]. Nine subjects were given intravenous ascorbate (15-125 g twice-weekly) (Bioniche Pharma USA, Lake For-
est, IL), using Simon’s accelerated titration design to reach a targeted post-infusion plasma level of >350 mg/dL
(=20mM). Meanwhile, the subjects received concurrent gemcitabine. Disease burden, body weight, perfor-
mance status, hematologic and metabolic indices, time to progression, and overall survival of the subjects were
monitored. After intravenous ascorbate treatment, mean plasma ascorbate trough levels were significantly higher
than at baseline (1.46 £0.02 vs. 0.78 = 0.09 mg/dL, i.e., 83 vs. 44 uM, p<0.001). Adverse events attributable
to the drug combination were rare but included diarrhea (n=4) and dry mouth (n=6). Dose-limiting criteria
were not met for this study. The mean survival of the subjects who completed at least two cycles (8 weeks)
of the therapy was 13 +2 months. Another completed clinical trial adding ascorbic acid to gemcitabine and
erlotinib observed no increased toxicity in pancreatic cancer patients [80]. Accordingly, these data suggest that
pharmacologic ascorbate administered concurrently with gemcitabine is well tolerated. Initial data from this
small sample also suggest some efficacy, but further larger studies powered to determine efficacy should be
conducted.

4.3.2. Vitamin D
Conversion of quiescent to activated pancreatic stellate cells drives the severe stromal reaction that characterizes
human pancreatic cancer. A recent study suggests that the vitamin D receptor (VDR) is expressed in stroma
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from human pancreatic tumors [81]. In a genetically engineered KPC-VDR ™/~ mouse model and an orthotopic
transplant/allograft mouse model induced by orthotopic injection of 1 x 10 p53 2.1.1 cells into pancreas of
6- to 8-week-old FVB/n mice, treatment with the VDR ligand calcipotriol significantly reduced inflammatory
markers and fibrosis in pancreatitis and human tumor stroma [81]. This study suggests that VDR could act as
a transcriptional regulator of pancreatic stellate cells to reprise the quiescent state, leading to induced stromal
remodeling, increased intratumoral gemcitabine concentration, reduced tumor volume, and a 57% increase in
survival compared to chemotherapy alone [81]. This study also suggests that transcriptional reprogramming
of tumor stroma could enhance the chemotherapeutic response and that vitamin D could be an adjunct agent
in pancreatic cancer therapy [81]. Currently, a vitamin D derivative, paricalcitol, in combination with other
chemotherapeutic agents (nivolumab, nab-paclitaxel, cisplatin, and gemcitabine), is being tested in an ongoing
clinical trial of untreated metastatic pancreatic cancer patients (Table 1).

4.3.3. Vitamin E

In KC mice, vitamin E §-tocotrienol prolonged survival and delayed the progression of pancreatic intraepithelial
neoplasia (PanIN) by inhibiting mutant Kras-driven pathways such as MEK/ERK, phosphoinositide 3-kinase
(PI3K)/protein kinase B (PKB, AKT), and NF-kB/p65 as well as B-cell lymphoma-extralarge (Bcl-xL), and p27.
8-Tocotrienol also induced apoptotic markers such as Bcl-2-associated X protein (Bax) and activated caspase-3,
suggesting that it has chemopreventive potential [82]. A phase I pre-surgical trial was conducted to examine
the safety, pharmacokinetic, and pharmacodynamic effects of vitamin E é-tocotrienol in patients with pancreatic
ductal neoplasia [83]. Soft gels encapsulating 99% pure vitamin E §-tocotrienol (200—1600 mg daily taken orally
for 2 weeks before pancreatic surgery) was well-tolerated, reached bioactive levels in blood, and significantly
induced apoptosis in the neoplastic cells (measured by cleaved caspase-3) [83].

4.4. Fish oil

Fish oil contains abundant w-3 fatty acids (w-3 FAs), which could decrease the production of pro-inflammatory
cytokines. In a single-arm phase II trial, patients with advanced pancreatic adenocarcinoma were treated weekly
with a w-3 FA-rich lipid infusion (Lipidem, B. Braun Melsungen AG, Melsungen, Germany, up to 100 g/week)
combined with gemcitabine chemotherapy until withdrawal or tumor progression. Twenty-three patients could
be assessed for time to progression, overall survival, and complement activity. However, the study was not con-
clusive, and w-3 FAs warrant further investigation in randomized clinical trials [84]. One study investigated the
effects of perioperative immune-nutrition containing fish oil (Oral Impact®, Ajinomoto Pharma Co., Ltd, Tokyo,
Japan) on cell-mediated immunity, T helper type 1 (Th1)/Th2 differentiation, and Th17 response after pancreati-
coduodenectomy including pancreatic cancer [85, 86]. Thirty patients who underwent pancreaticoduodenectomy
were divided into 3 arms: 10 patients in the perioperative group received preoperative immune-enhancing diets
enriched in arginine, w-3 FAs, and RNA for 5 days, which was prolonged postoperatively by enteral infu-
sion; 10 patients in the postoperative group received early postoperative enteral infusion of the same enriched
formula but with no artificial nutrition before the surgery; and 10 patients in the control group received total
parenteral nutrition postoperatively. Immune responses were the primary endpoint, and the rate of infectious com-
plications the secondary endpoint. Patients in the perioperative group had significantly increased concanavalin
A- or phytohemagglutinin-stimulated lymphocyte proliferation and NK cell activation compared to the other
two groups. Those patients also had significantly higher mRNA levels of T-bet, interferon-gamma (IFN-
v), related orphan receptor gammat (ROR+yt), and interleukin-17F (IL-17F). In the perioperative group, the
rate of infectious complications was significantly lower than in the other groups. Perioperative treatment
reduced stress-induced immunosuppression after a stressful major operative resection. These results suggest
that modulation of Th1/Th2 differentiation and the Th17 response may play important roles in the immuno-
logic effects of fish oil [85]. One open, randomized controlled trial investigated the effect of supplementary
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oral immune-nutrition (250-1000 mL daily, Oral Impact®, Nestlé) seven days before surgery on postopera-
tive complications and length of hospital stay in pancreatic cancer patients [87], however, no difference were
observed.

5. Future prospective

The success of therapeutic strategies against pancreatic cancer will depend on defining the mechanisms of
action of the chemopreventive agents through rigorous preclinical research. We must also enhance our ability
to identify premalignant lesions, develop biomarkers for early diagnosis, and select the most effective personal-
ized regimen for patients. Although in vitro cell culture studies provide fast tools for screening the efficacy of
chemopreventive agents, in vivo animal studies, particularly genetically engineered animal models, can better
recapitulate the complex tumor microenvironment of human pancreatic cancer. Therefore, preclinical research
is much needed for producing clinically significant therapeutic options. For example, organoid models have
shown huge potential in personalized medicine against pancreatic cancer [88-90], and patient-derived organoids
provide a special system for discovering the pathways that drive each pancreatic tumor and for identifying novel
therapies for personalized treatment decisions.

6. Conclusion

Chemoprevention research continues to gain momentum worldwide as various epidemiological and preclinical
findings provide evidence that natural products can help reduce pancreatic cancer risk. In the current review,
we summarized results from human clinical intervention trials that used natural compounds under investigation
for their efficacy against pancreatic cancer. Results from these trials suggest that better formulation of natural
products to enhance their bioavailability is needed. The optimal window of intervention of natural products
should also be carefully evaluated. Because of the extremely poor prognosis of pancreatic cancer, it is certainly
valuable to investigate new methods of combating this disease, particularly for those at high risk, such as
those with a family history of the disease and those who present with precancerous lesions such as PanIN,
intraductal papillary mucinous neoplasm (IPMN), and mucinous cystic neoplasms (MCN). Accordingly, more
preclinical work is needed to uncover mechanisms, increase absorption and bioavailability, and define an effective
intervention window in which these natural products could have effects in vitro and in vivo, in order to produce
more convincing results in a human clinical setting. Genetic animal models could provide a more relevant tumor
microenvironment and tumor immunology of human pancreatic cancer patients. More research using genetic
models and organoid models could translate into clinically significant chemoprevention of human pancreatic
cancer.
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