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Abstract The poor outcomes surrounding pancreatic
cancer (5 % 5-year survival) are rooted in the advanced
nature of the cancer at diagnosis, aggressiveness of the
tumor, technical challenges for surgical treatment, and the
limitations of systemic therapies. Research on pancreatic
cancer and diet has focused on the effects of bioactive food
compounds upon major pathways in cancerous cell development, particularly with the active components of flavonoids, proteins, and vitamins. Such bioactive components,
particularly found in fruits and vegetables, have been
associated with increased sensitivity to chemotherapeutic
drugs for treating pancreatic cancer and inhibiting angiogenesis and cancerous cell growth. Diet-based approaches
to prevention and treatment of pancreatic cancer may thus
offer clinical efficacious and cost-effective opportunities to
optimize existing modes of treatment (surgery, systemic
therapies, radiotherapies, and palliative care), offset rising
medical costs for patients, and improve quality of life for
patients undergoing treatment. Integration of these findings
at the clinical level may require a national, scalable model
such as that of Tulane University School of Medicine’s
Goldring Center for Culinary Medicine (GCCM) to
meaningfully improve the care of health care providers for
pancreatic cancer patients.
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Introduction
Pancreatic cancer is the second most common digestive
cancer in the US, following colorectal cancer, and the
fourth leading cause of cancer-related death in both males
and females [1]. The poor outcomes surrounding pancreatic
cancer (5 % 5-year survival) are rooted in the advanced
nature of the cancer at diagnosis, aggressiveness of the
tumor, technical challenges for surgical treatment, and the
limitations of systemic therapies.
This paper highlights major findings on nutrition and
pancreatic cancer treatment and prevention.
Diet-based approaches to prevention and treatment of
pancreatic cancer offer opportunities to enhance the
effectiveness of existing modes of treatment (surgery,
systemic therapies, radiotherapies, and palliative care),
offset rising medical costs for patients, and improve quality
of life for patients undergoing treatment.
Despite significant attention from researchers on nutrition and pancreatic cancer, there has not been a concomitant effort to integrate these findings at the clinical level.
Tulane University School of Medicine’s Goldring Center
for Culinary Medicine (GCCM), as the world’s first medical school-based teaching kitchen, provides a promising
[2], scalable model for bridging the gap between nutrition
research and clinical aspects of patient care.
Tulane University School of Medicine launched GCCM
in November of 2012 in response to dire challenges in the
global obesity epidemic and disparities in health care.
GCCM was designed to establish the world’s first evidence-based nutrition education curriculum for medical
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students, medical professionals, and patients with the
object of improving health equity through low-cost disease
management, specifically low-cost nutrition counseling. At
GCCM, a licensed physician and professional chef, in
collaboration with chefs at the Johnson & Wales University
Department of Culinary Nutrition, have developed a
comprehensive curriculum for medical schools, residency
programs, and continuing medical education (CME) modules for practicing physicians. The curriculum serves as a
novel synthesis of validated nutrition education and handson cooking skills through a simulation-based medical
education with deliberate practice (SBME-DP) model. The
classes seek to empower medical students, residents, and
practicing physicians to improve patients’ health through
effective nutrition counseling. The designed curriculum fits
well within the emerging complex care management
(CCM) paradigm as a dominant approach within implementation of the Affordable Care Act. [3].
GCCM’s accompanying research arm, the Cooking for
Health Optimization with Patients (CHOP) model, is a
longitudinal comparative effectiveness study to investigate
two long-term and short-term hypotheses: (1) (direct, shortterm) GCCM curriculum enhances the attitudes, dietary
habits, and competencies (ADCs) of medical students and
professionals in providing effective patient nutrition education, and (2) (indirect, long-term) this system capacity,
development-based intervention will result in improved
patient outcomes in chronic disease management or lower
disease incidence. Both hypotheses are designed to operate
in this nationally scalable and sustainable GCCM education model so that the intervention can be efficiently disseminated. The CHOP model has three large longitudinal
prospective observational cohort studies—medical students
(CHOP-Medical Students), residents (CHOP-Residents),
and practicing physicians (CHOP-CME)—in addition to a
fourth cohort study with patients’ families (CHOP-Patients:
Community). Randomized controlled trials are additionally
conducted through CHOP-Patients: RCTs for diabetic
patients and eventually for patients with hypertension,
heart disease, and cancer. Qualitative studies using a
community participatory research design are being launched in conjuncture with the above quantitative study to
ensure that community and patient input is utilized to guide
GCCM class programming along with CHOP study design,
analysis, and result reporting. This community partnership
is meant to support optimal patient acceptance of GCCM
and its accompanying research arm to ensure this site
serves as an effectively scalable model for other medical
centers nationally and, eventually, globally. Although the
CHOP-CME module on cancer prevention and treatment is
still in its infancy, it holds great potential for strengthening
patient nutrition counseling by targeting nutrition education for practicing physicians.
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Methods
Diet-based and nutrition studies on pancreatic cancer prevention and treatment was searched using PubMed. Search
terms included but were not limited to: ‘‘pancreatic cancer’’, ‘‘gastrointestinal cancer’’, ‘‘nutrition’’, ‘‘diet’’, ‘‘dietary’’, ‘‘prevention’’, ‘‘treatment’’, ‘‘therapy’’, ‘‘protein’’,
‘‘risk’’, and ‘‘metabolic disorder’’. English language
research published between January 1999 and December
2013 were considered for this review.

Results
Review of relevant literature revealed that existing research
on pancreatic cancer and diet has focused on the effects of
bioactive food compounds upon major pathways in cancerous cell development. Results were categorized
according to bioactive food component with a corresponding summary of its correlation to pancreatic cancer
growth and proliferation.
Flavonoids
Flavonoids, bioactive food components from fruits and
vegetables have been associated with reducing the risk of
developing pancreatic cancer, inhibiting cancerous cell
growth (by arresting cell cycle, inhibiting angiogenesis, or
inducing apoptosis), and improving the effectiveness of
chemotherapeutic drugs [4]. Flavonoids like apigenin and
luteolin can be found in parsley, spices (oregano, rosemary,
and basil), artichokes, spinach, and chamomile. Apigenin
may inhibit cancer cell growth and proliferation via downregulation of geminin protein expression [5] or by inhibiting
Il-6 induced EC migration and proliferation [6]. Apigenin
may also down-regulate glucose uptake by inhibition of the
GLUT-1 transporter [7] and arrest cell growth at the G2/M
phase of the cell cycle [8]. Similarly, baicalein, a flavone
extracted from the roots of the skullcap flower, has been
known to induce apoptosis in cancer cells [9, 10]. Another
flavonoid, quercetin, which can be found in kale, sweet
potatoes, and dill, has been associated with antioxidant
properties, inducing apoptosis in cancer cells, and arresting
cell growth by down-regulation of Hsp70 protein [11]. Furthermore, studies on the isoflavone genistein, which can be
found in soybeans, has been linked to increased effectiveness
of chemotherapeutic drugs used in pancreatic cancer treatment: gemcitabine, erlotinib, and cisplatin [12–15].
Protein
A plant-based, low-protein diet has been associated with
inhibiting tumor growth in other cancer types, specifically
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prostate and breast cancers, by down-regulation of mTOR
activity and decreased PSA and IGF-1 levels [16]. By
contrast, a high-fat, high-protein diet was associated with
high risk of pancreatic carcinogenesis, possibly due to the
natural regression of early lesions and interference with
repair mechanisms [17]. Risk of pancreatic cancer was
inversely related to estimated initial levels of methionine,
an essential amino acid found in meats like beef or fish
(tuna and salmon) as well as soybeans and Brazilian nuts.
Vitamins
Vitamins have also been linked to inhibiting pancreatic cell
growth. Increased intake of vitamin D, which can be found
in fatty fish, eggs, liver, mushrooms, and ultraviolet rays
from sunlight, has been inversely related to risk of pancreatic cancer [18, 19]. Vitamin E, found in nuts like
almonds or sunflower seeds and leafy greens like spinach,
has also been linked to stimulated cancer cell death and
increased responsiveness to the chemotherapeutic drug,
gemcitabine, by facilitating the inactivation of kinase Akt
via phosphatase PHLPP1 [20, 21]. Deficiency in folate,
which is found in cereal grains, vegetables, and liver, has
been associated with an increase in the risk of pancreatic
cancer due to hypomethylation of DNA [22, 23].
Dietary risk factors
In contrast to research on the role that bioactive food
components may play in prevention of pancreatic cancer,
existing studies have also highlighted the correlation
between risk of pancreatic carcinogenesis and certain
modifiable habits, including excessive alcohol consumption, caffeine intake, artificial sweeteners, and tobacco
usage. Review of literature on alcohol consumption has
indicated that heavy alcohol usage, defined as three or
more drinks per day, may have a 1.22- to 1.36-fold increase
in the risk of developing pancreatic cancer [24, 25]. Preliminary findings indicate that ethanol itself and metabolites of alcohol, such as acetaldehyde and fatty acid ethyl
esters, may be involved in pathways to pancreatitis and
carcinogenesis [25]. Results of pooled data analyses have
demonstrated little to no effect of caffeine or artificial
sweeteners on the risk of developing cancer [26, 27, 29].
However, a threefold increase in risk of carcinogenesis has
been associated with tobacco usage and smoking at least
one pack of cigarettes per day [26–28].

Discussion
A wealth of research has indicated that numerous bioactive
components (including flavonoids, protein, and vitamins
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from fruits and vegetables) have been associated with
increased sensitivity to chemotherapeutic drugs and inhibition of angiogenesis and cancerous cell growth. Excessive alcohol consumption or heavy tobacco usage, in
contrast, has been shown to increase the risk of pancreatic
carcinogenesis.
The aggressive nature of pancreatic cancer and its subsequent toll on quality of life for pancreatic cancer patients
further highlight the need for more intentional and targeted
nutritional therapies for patients. The Cooking for Health
Optimization (CHOP) model as a multi-center trial with
over 10 medical schools and universities pioneered by
Tulane University School of Medicine’s Goldring Center
for Culinary Medicine (GCCM) addresses the need for
more robust nutrition education for health care providers
and patients, an essential step in implementing key findings
of research at the intersection between diet and disease.
Through CHOP, GCCM seeks to demonstrate cost-efficient
improved patient outcomes by strengthening nutrition
education for medical students through electives and physicians through continuing medical education (CME) and
also by providing hands-on cooking and nutrition education
for lower income patients in its teaching kitchen, which is
housed in a former food desert and now adjacent to a
national grocery store.
Given that pancreatic cancer costs patients approximately $65,000 in surgery and over $3,000 in systemic
therapies [30], while only offering a 5 % chance or less of
surviving beyond 5 years, GCCM’s CHOP model of
engaging nutrition education offers a potentially costeffective strategy for optimizing current modes of treatment for pancreatic cancer, saving patients, insurers, and
health care providers valuable time and resources while
improving patient quality of life.
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