
Review

Systematic Review of the Integrative Medicine
Recommendations for Patients with Pancreatic Cancer

Andrew A. Gumbs 1,2,* , Manana Gogol 2, Gaya Spolverato 3, Hebatallah Taher 4 and Elie K. Chouillard 1

����������
�������

Citation: Gumbs, A.A.; Gogol, M.;

Spolverato, G.; Taher, H.; Chouillard,

E.K. Systematic Review of the

Integrative Medicine

Recommendations for Patients with

Pancreatic Cancer. Surgeries 2021, 2,

216–230. https://doi.org/10.3390/

surgeries2020022

Academic Editor: Somashekar

G. Krishna

Received: 27 April 2021

Accepted: 11 June 2021

Published: 14 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Departement de Chirurgie Viscérale et Digestive, Centre Hospitalier de POISSY-SAINT GERMAIN,
10 rue du Champ Gaillard, 78300 Poissy, France; elie.chouillard@ght-yvelinesnord.fr

2 Department of Surgery, Grigol Robakidze University Medical School, 0159 Tbilisi, Georgia;
mananagogol@gmail.com

3 Department of Surgical: Oncological and Gastroenterological Sciences, Hospital of the University of Padova,
2-35128 Padova, Italy; gaya.spolverato@gmail.com

4 Department of Pediatric Surgery, Cairo University Specialized Pediatric Hospital, Cairo 11441, Egypt;
hebatallah.taher@kasralainy.edu.eg

* Correspondence: aagumbs@gmail.com; Fax: +33-139274873

Abstract: Introduction: Integrative medicine (IM) is a relatively new field where non-traditional ther-
apies with peer-reviewed evidence are incorporated or integrated with more traditional approaches.
Methods: A systematic review of the literature from the last 10 years was done by searching clinical
trials and randomized-controlled trials on Pubmed that discuss nutrition, supplementation, and
lifestyle changes associated with “Pancreatic Cancer.” Results: Only 50 articles ultimately met the
inclusion criteria for this review. A total of 15 articles discussed the role of obesity and 10 discussed
the influence of stress in increasing the risk of pancreatic cancer. Six discussed the potential beneficial
role of Vitamins, 5 of cannabinoids, 4 an anti-inflammatory diet, 3 of nut consumption, 2 of green tea
consumption, 2 of curcumin supplementation, 1 role of melatonin, and 1 of probiotics. One article
each was found on the theoretical benefits of adhering to either a Mediterranean or ketogenic diet.
Discussion: As more surgeons become interested in IM, it is hoped that more diseases where the
curative treatment is mainly surgical can benefit from the all-encompassing principles of IM in an
effort to improve quality of life and survival in patients with pancreatic cancer.
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1. Introduction

As opposed to other types of non-Western medicine, such as alternative medicine,
complementary medicine, or holistic medicine, integrative medicine (IM) incorporates
both Western and so-called Eastern or non-traditional medicine that has peer-reviewed
published evidence done by medical doctors to back up its claims [1]. This difference is
perhaps best appreciated by the fact that things like the Gerson diet and the Gonzalez
regimen are not taught or advocated for in IM. This is because there is no adequate
published literature to support the Gerson diet in the management of pancreatic cancer
patients and there is peer-reviewed published research done by medical doctors that argue
for worse outcomes in patients that are treated with the Gonzalez regimen as opposed to
adjuvant chemotherapy [2].

Quite literally, IM “integrates” all “medicine” that is evidence-based. Because of
this, IM completely supports and advocates for pancreatic resection and chemotherapy
when indicated, whether neoadjuvant or adjuvant, for patients with pancreatic cancer.
Despite the increasing public interest in IM, there is still a paucity of literature on IM
recommendations for clinicians who deal with cancers. One of the other limitations is the
difficulty in searching for specific IM recommendations because of the ubiquitous nature
of the words “integrative” and “medicine”.
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The growth of IM in the care of oncological patients is also hampered by surgeon’s
reluctance to learn about this new field. Many patients with cancers that are principally
cured through surgery are potentially being shepherded away from seeking IM consultation
because of a palpable disdain of IM by their surgeons. In an effort to clarify what the
actual evidence is, a review was done by a pancreatic surgeon who has also completed
a 2-year IM Fellowship to better determine what if any peer-reviewed evidenced-based
recommendations exist for patients to reduce their risk of developing recurrent pancreatic
cancer.

2. Methods

Search terms and concepts were obtained during a 2-year IM Fellowship. A search was
then done on Pubmed (https://pubmed.ncbi.nlm.nih.gov/, accessed on 25 May 2021) with
the obtained words and combined with “pancreatic cancer/adenocarcinoma” for articles
published over the last 10-years. All articles discussing complementary medicine (CM),
functional medicine (FM), and holistic medicine were excluded. When available, this article
reviewed the primary peer-reviewed published literature regarding recommendations for
diet modification, lifestyle changes, and oral supplementation for patients with pancreatic
cancer according to the principles of IM. When unavailable, secondary literature consisting
of meta-analyses was utilized. This systematic review was submitted to PROSPERO;
however, it is currently awaiting approval. The PRISMA checklist for abstract (Table 1) and
manuscript design (Table 2) was used for the drafting of this manuscript [3].

Table 1. PRISMA Abstract Checklist: http://www.prisma-statement.org/ (accessed on 13 June 2021) [3].

Section and Topic Item # Checklist Item Reported (Yes/No)

Title

Title 1 Identify the report as a systematic review. Y

Background

Objectives 2 Provide an explicit statement of the main objective(s) or question(s) the review
addresses. Y

Methods

Eligibility criteria 3 Specify the inclusion and exclusion criteria for the review. Y

Information sources 4 Specify the information sources (e.g. databases, registers) used to identify
studies and the date when each was last searched.

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Y

Synthesis of results 6 Specify the methods used to present and synthesise results. Y

Results

Included studies 7 Give the total number of included studies and participants and summarise
relevant characteristics of studies. Y

8

Present results for main outcomes, preferably indicating the number of included
studies and participants for each. If meta-analysis was done, report the

summary estimate and confidence/credible interval. If comparing groups,
indicate the direction of the effect (i.e. which group is favoured).

Y

Discussion

Limitations of evidence 9 Provide a brief summary of the limitations of the evidence included in the
review (e.g. study risk of bias, inconsistency and imprecision). Y

Interpretation 10 Provide a general interpretation of the results and important implications. Y

Other

Funding 11 Specify the primary source of funding for the review. Y

Registration 12 Provide the register name and registration number. pending

https://pubmed.ncbi.nlm.nih.gov/
http://www.prisma-statement.org/
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Figure 1. PRISMA 2020 flow diagram for systematic review of Integrative Medicine recommendations
for patients with pancreatic cancer which included searches of PUBMED [3].
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Table 2. PRISMA Checklist Manuscript Design http://www.prisma-statement.org/ (accessed on 13 June 2021) [3].

Section and Topic Item # Checklist Item Location Where Item
Is Reported

Title

Title 1 Identify the report as a systematic review. p.1

Abstract

Abstract 2 See the PRISMA 2020 for Abstracts checklist. Figure 2

Introduction

Rationale 3 Describe the rationale for the review in the context of existing knowledge. p.4

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review
addresses. p. 4–5

Methods

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were
grouped for the syntheses. p. 5–6

Information sources 6
Specify all databases, registers, websites, organisations, reference lists and other
sources searched or consulted to identify studies. Specify the date when each

source was last searched or consulted.
p. 5–6

Search strategy 7 Present the full search strategies for all databases, registers and websites,
including any filters and limits used. p. 5–6

Selection process 8

Specify the methods used to decide whether a study met the inclusion criteria of
the review, including how many reviewers screened each record and each report

retrieved, whether they worked independently, and if applicable, details of
automation tools used in the process.

p. 5–6

Data collection process 9

Specify the methods used to collect data from reports, including how many
reviewers collected data from each report, whether they worked independently,
any processes for obtaining or confirming data from study investigators, and if

applicable, details of automation tools used in the process.

p. 5–6

Data items

10a

List and define all outcomes for which data were sought. Specify whether all
results that were compatible with each outcome domain in each study were
sought (e.g. for all measures, time points, analyses), and if not, the methods

used to decide which results to collect.

p. 5–6

10b
List and define all other variables for which data were sought (e.g. participant
and intervention characteristics, funding sources). Describe any assumptions

made about any missing or unclear information.
p. 5–6

Study risk of bias
assessment 11

Specify the methods used to assess risk of bias in the included studies, including
details of the tool(s) used, how many reviewers assessed each study and

whether they worked independently, and if applicable, details of automation
tools used in the process.

p. 5–6

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference)
used in the synthesis or presentation of results. p. 5–6

Synthesis methods

13a
Describe the processes used to decide which studies were eligible for each

synthesis (e.g. tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).

p. 5–6

13b Describe any methods required to prepare the data for presentation or synthesis,
such as handling of missing summary statistics, or data conversions. p. 5–6

13c Describe any methods used to tabulate or visually display results of individual
studies and syntheses. p. 5–6

13d

Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to

identify the presence and extent of statistical heterogeneity, and software
package(s) used.

p. 5–6

13e Describe any methods used to explore possible causes of heterogeneity among
study results (e.g. subgroup analysis, meta-regression). p. 5–6

13f Describe any sensitivity analyses conducted to assess robustness of the
synthesized results. p. 5–6

Reporting bias
assessment 14 Describe any methods used to assess risk of bias due to missing results in a

synthesis (arising from reporting biases). p. 5–6

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of
evidence for an outcome. p. 5–6

http://www.prisma-statement.org/


Surgeries 2021, 2 220

Table 2. Cont.

Section and Topic Item # Checklist Item Location Where Item
Is Reported

Results

Study selection

16a
Describe the results of the search and selection process, from the number of

records identified in the search to the number of studies included in the review,
ideally using a flow diagram.

p. 6–16

16b Cite studies that might appear to meet the inclusion criteria, but which were
excluded, and explain why they were excluded. Figure 1

Study characteristics 17 Cite each included study and present its characteristics. p. 6–16

Risk of bias in studies 18 Present assessments of risk of bias for each included study. p. 6–16

Results of individual
studies 19

For all outcomes, present, for each study: (a) summary statistics for each group
(where appropriate) and (b) an effect estimate and its precision (e.g.

confidence/credible interval), ideally using structured tables or plots.
p. 6–16

Results of syntheses

20a For each synthesis, briefly summarise the characteristics and risk of bias among
contributing studies. p. 6–16

20b

Present results of all statistical syntheses conducted. If meta-analysis was done,
present for each the summary estimate and its precision (e.g.

confidence/credible interval) and measures of statistical heterogeneity. If
comparing groups, describe the direction of the effect.

p. 6–16

20c Present results of all investigations of possible causes of heterogeneity among
study results. p. 6–16

20d Present results of all sensitivity analyses conducted to assess the robustness of
the synthesized results. p. 6–16

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting
biases) for each synthesis assessed. p. 6–16

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each
outcome assessed. p. 6–16

Discussion

Discussion

23a Provide a general interpretation of the results in the context of other evidence. p.16

23b Discuss any limitations of the evidence included in the review. p. 16

23c Discuss any limitations of the review processes used. p. 16

23d Discuss implications of the results for practice, policy, and future research. p. 16–24

Other Information

Registration and protocol

24a Provide registration information for the review, including register name and
registration number, or state that the review was not registered. pending

24b Indicate where the review protocol can be accessed, or state that a protocol was
not prepared. Prospero

24c Describe and explain any amendments to information provided at registration
or in the protocol. NA

Support 25 Describe sources of financial or non-financial support for the review, and the
role of the funders or sponsors in the review. p. 3

Competing interests 26 Declare any competing interests of review authors. NA

Availability of data, code
and other materials 27

Report which of the following are publicly available and where they can be
found: template data collection forms; data extracted from included studies;

data used for all analyses; analytic code; any other materials used in the review.

Pending Prospero
Registration

Unlike IM, CM, and FM advocate for the use of pharmaceuticals such as non-steroidal
anti-inflammatories for off-label uses in the belief that these medications can potentially
reduce the risk of carcinogenesis. Furthermore, FM advocates for the use of intravenous
vitamin therapy, because of this the review was restricted to peer-reviewed evidence for
diet modification, lifestyle changes, and use of over the counter supplements that do not
require a prescription or intravenous administration. Nonetheless, some evidence on
the potential role of traditional pharmacologic agents was discussed to help guide the
choice of medications to use when they are already indicated for recognized on-label uses.
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Furthermore, although therapies that did not meet the exclusion criteria may be mentioned
for completeness sake, they will not be recommended.

Articles on traditional Chinese medicine and ayurvedic medicine were excluded
because although IM Fellows are exposed to the basics of these practices, these therapies
should only be administered by doctors licensed in these respective fields and not IM
doctors. The search was then repeated on Google Scholar.

3. Results

When a search for clinical trials, randomized controlled trials and meta-analyses
was done for “pancreatic cancer” combined with “obesity”, “cannabinoids”, “stress”,
“vitamins”, “integrative medicine”, “green tea”, “curcumin”, “melatonin”, “nuts”, “anti-
inflammatory diet”, “ketogenic diet”, “Mediterranean diet”, and “probiotics” a total of
35; 33; 28; 16; 13; 7; 4; 4; 3; 2, 1, 1, and 1 articles were found, respectively (Figure 1) [3].
The vast majority of articles did not have the word “integrative” in the manuscript and
133 articles were initially identified, but only 50 ultimately met the inclusion and exclusion
criteria. When the search terms were also searched on Google Scholar, the search results
ranged from 12,300 to 1.1 million. As a result, a review of only the articles also found on
Pubmed were utilized. Clinical trials, randomized-controlled trials (RCT), meta-analyses,
and case reports denote studies done on human subjects (Table 3). Clinical trials and
RCTs were considered primary sources and meta-analyses and case reports considered
secondary sources. Review articles though referenced in the Discussion were not analyzed
in the Results section. When only studies older than 10 years old could be identified for a
particular category, they were denoted in Table 3, but not Figure 1.

Table 3. Clinical trials, RCT’s, meta-analyses and case reports denote studies done on human subjects. (RCT= randomized-
controlled trials, * = study older than 10 years, ˆ = same study, “ongoing” = denotes study that has not been completed).

Key Words In Vitro Animal Studies Clinical Trials RCTs Meta-Analyses Case Report

Obesity x x

Stress x x x x
(ongoing) x

Vitamins x x x

Cannabinoids x

Anti-Inflammatory Diet x x

Nuts x

Green Tea x * x * x

Curcumin x x x

Melatonin x x x *

Ketogenic Diet x ˆ x ˆ

Mediterranean Diet x

Probiotics x

3.1. Obesity

In the last 10 years, many articles have been published discussing the link between
obesity and pancreatic carcinogenesis, and prior to this the first author even published
2 review articles on the topic [4,5]. Multiple clinical studies and meta-analyses have
shown that in addition to obesity, body mass index (BMI), fasting glucose index, metabolic
syndrome, high sweet beverage consumption, excess body weight, weight gain, and
diabetes mellitus status all seem to be positively correlated with incidence of pancreatic
cancer (Table 3) [6–13]. This pattern was also seen in an adolescent population in the
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Middle East, and adherence to a low fat diet seemed to be able to ameliorate this effect in
post-menopausal women [14,15].

Once a patient has pancreatic adenocarcinoma, there does not seem to be a benefit to
having a lower BMI, yet patients with a history of obesity do have a protective effect against
developing pancreatic cancer after bariatric surgery [16,17]. In the European Prospective
Investigation into Cancer and Nutrition (EPIC) trial where over 1100 patients were followed
for 15 years, a healthy lifestyle was also found to have a protective effect against pancreatic
cancer incidence [18]. Perhaps most compelling was the finding that a history of physical
inactivity prior to being diagnosed with pancreatic adenocarcinoma was associated with
an increased mortality rate and that obesity seems to confer a higher rate of chemotherapy
resistance [19,20]. Clinical trials and meta-analyses regarding the link between obesity and
the metabolic syndrome and pancreatic cancer, but no randomized-controlled trials exist.

3.2. Stress

The inflammatory effects of stress on carcinogenesis has been estimated to contribute
to 30% of cancers with researchers even beginning to study the influence of problems related
to the stress of working in this population [4,21]. The effects of depression in cancer patients
has also been gaining importance over the years, with patients now routinely scheduled to
see psychotherapists specialized in cancer patients after diagnosis. Depression has been
shown to worsen quality of life in post-operative patients after surgery for pancreatic
cancer and psychotherapy has been shown to be able to ameliorate the effects [22,23].

The role of stress has become such an important area of cancer research that a phase-II
randomized controlled trial analyzing the potential benefit of pre-operative beta-blockade
and cyclooxygenase inhibition to be continued 25 days post-operatively, called the PROS-
PER trial is currently underway in Germany (Table 3) [24]. The theory is that decreased
stress mediators will be released during resection for cancers in the head of the pancreas.
The plan is for 100 patients to be enrolled with the primary endpoints slated to be outcomes
at 90 days [24].

Although conflicting reports have been published in other cancers, one study in vitro
indicates that Fish Oil may have some preventative effects to carcinogenesis due to reduc-
tion in inflammation in vitro and in animal models [25]. In an effort to decrease inflamma-
tory mediators, researchers have also studied several more traditional anti-inflammatory
medications such as aspirin, sulindac, and even statins to ascertain whether or not they can
influence the incidence of pancreatic cancer. In an animal model of mice given xenografts of
pancreatic cancer cell lines, mice fed diets with sulindac, a non-steroidal anti-inflammatory
drug, lived significantly longer than the control group [26]. Using the Surveillance, Epi-
demiology, and End Results (SEER) database, researchers identified 7813 patients with
pancreatic ductal cancer and found a protective effect from pancreatic cancer in elderly
patients on statin therapy [27]. This finding was again seen in an Italian study and felt to
be due to the anti-angiogenesis and anti-inflammatory activity of statins [28].

A case-control study of patients in China with over 700 patients in each arm found
a protective effect against pancreatic cancer for patients on aspirin [29]. This was again
found to be the case in a meta-analysis of 12 studies of 4478 patients with pancreatic
ductal cancer [30]. The potential benefits of these medications emphasize the importance
of integrative medicine doctors also having a mastery of traditional medications. This is
reiterated by the finding from a study of proton pump inhibitor (PPI) use that seems to lead
to enhanced pancreatic cancer formation by almost 2-fold. Patients after duodenopancrea-
tectomy are prone to marginal ulceration due to the gastro-intestinal reconstruction that is
necessary after resection of the pancreatic head, as a result, it seems prudent to consider
the H-2 receptor blocker over PPIs in patients that undergo this surgery for pancreatic
cancer [31].
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3.3. Vitamins

One found to look at Vitamin D levels and pancreatic cancer actually focused on milk
consumption to see if dairy ingestion influenced the incidence of pancreatic cancer. A total
of 14 studies with 2212 cases of pancreatic cancer out of over 862,000 people studied did
not find conclusive evidence for dairy ingestion and pancreatic cancer risk [32]. On the
contrary, a meta-analysis of 9 studies from the International Pancreatic Cancer Case–Control
Consortium (PanC4) found a positive correlation with elevated serum vitamin D levels and
pancreatic cancer [33]. As will be seen, attempts to dissect out certain parts of someone’s
diet and ignore the diet as a whole is a recurring theme in past studies and potentially a
major barrier to validity of older studies. For example, a major limitation in these studies is
that sun exposure levels were not taken into consideration, a confounding factor that could
easily and profoundly affect Vitamin D levels. It is unclear if people with low levels of
dairy intake and high levels of sun exposure are reaping a benefit from increased outdoor
activities and exercise and increased concomitant sun exposure. Additionally, people who
eat dairy that is not fortified with Vitamin D were not analyzed separately.

Another study that is difficult to interpret involved giving Vitamin E supplementation
pre-operatively to patients scheduled to undergo pancreatectomy for pancreatic cancer [34].
In this phase I trial the safety of administering high doses of Vitamin E levels in 25 human
patients with pancreatic ductal cancer was established, but without a control population,
the conclusions that the authors attempt to draw are difficult to support. The authors state
that apoptosis can be induced when Vitamin E given at doses ranging from 400-mg to
1600-mg daily are given, with 1 patient suffering diarrhea when the dose reached 3200 mg.
Notably, an in vitro study has been published attempting to define the mechanism for this
potential apoptotic effect [35].

Selenium levels initially appeared inversely related with the incidence of pancreatic
cancer, but upon further analysis this was no longer found to be the case [36]. Two studies
analyzing the effects of high dose intravenous Vitamin C have been published and suggest
a potential survival benefit to patients with pancreatic cancer, but were excluded from
analysis [37,38]. Although these 2 studies are from reputable authors, we cannot currently
recommend these treatments outside of approved clinical trials.

3.4. Cannabinoids

Studies of resected pancreatic tumors have found a correlation between CB1 recep-
tor activity and survival [39]. Subsequent studies on pancreatic cell lines treated with
gemcitabine and cannabinoids subsequently found that autophagic cell death could be
stimulated, and that cannabinoids could potentially make pancreatic cell lines more radio-
sensitive [40,41]. Further studies also argue for an in vitro affect with cannabidiol (CBD)
and tetrahydrocannabinol (THC) in its ability to inhibit pancreatic cell lines [42]. How-
ever, to date, no primary clinical evidence in humans exists to support the use of medical
marijuana to improve survival in pancreatic cancer patients.

3.5. Green Tea

Although many studies have been done attempting to analyze the role of green tea
in the incidence of pancreatic cancer, most studies are of questionable quality and not
easily retrievable. Two meta-analyses looking at earlier data were able to be retrieved. One
study analyzed 2317 cases from over 288,000 patients comprising 5 prospective studies and
3 case-controlled studies and did not conclusively find a correlation between incidence
of pancreatic cancer and green tea consumption [43]. Another larger meta-analysis of
14 studies including almost 860,000 patients and over 8000 patients identified as having
pancreatic cancer similarly found no correlation, however, this study did find a drop in the
incidence of pancreatic cancer in Chinese patients aged over 60 [44].
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3.6. Curcumin

In vitro and animal studies using MIA PaCa-2 cells suggest that Curcumin may inhibit
angiogenesis and tumor growth in pancreatic cancer cells [45]. The pathway has been
associated with a down regulation of NF-kB gene products and transcription factors. A
phase I/II study of 21 patients with gemcitabine-resistant pancreatic cancer was done
and published 2 years earlier than this study, but it did not have a control arm and only
evaluated safety of this treatment [46]. In this patient population they reported a 1-year
survival rate of 19.9%. A notable point made by the authors is the relative ease with
which patients can tolerate oral Curcumin supplementation with a median compliance rate
reported as 100% (range = 79–100%).

3.7. Melatonin

A preclinical study from China using an animal model and xenografts with pancreatic
cell MiaPaCa-2, found that melatonin supplementation may counter gemcitabine resistance.
Furthermore, they identified NF-kB inhibition by melatonin administration in MiaPaCa-2,
Panc-28, and AsPc-1 cell lines. They studied 5 mice in each arm and found that mice sup-
plemented with melatonin had increased gemcitabine cytotoxicity and decreased invasion
and cell proliferation resulting in smaller tumors [47]. The authors surmised that melatonin
supplementation should be studied in patients with pancreatic cancer to see if it enhanced
responsiveness to gemcitabine-based chemotherapy.

In a retrospective study of 25 patients with metastatic solid tumors treated with
Tamoxifen and melatonin from 1996, the authors argue that this drug combination may
have some potential survival benefit. Unfortunately, in this study, only 6 of the 25 patients
had pancreatic cancer and survival ranged from 1–12+ months among them and they
were not analyzed separately, as a result, the heterogenous nature of this study make
any conclusions regarding the potential benefits of melatonin in patients with pancreatic
cancer impossible. Furthermore, according to the design of this study, it is unclear whether
melatonin alone or its combination with tamoxifen is necessary.

3.8. Nuts

In perhaps an oversimplification of the complexities of diet, several large population-
based studies have tried to ascertain the benefits if any of a diet rich in nut consumption
with contradictory results. In the Nurses’ Health Study analyzing 75,680 women, re-
searchers from Harvard University identified 466 females with pancreatic cancer and
argued that a diet rich in nut consumption had an inverse relationship with the incidence
of pancreatic cancer [48]. Subsequently, a study from the Netherlands of 120,852 men iden-
tified 583 cases of pancreatic cancer and came to the same conclusion [49]. Culminating
in the largest epidemiological study to look specifically at the role of nuts in pancreatic
cancer incidence, the European Prospective Investigation into Cancer and Nutrition (EPIC)
study, which identified 1283 patient with pancreatic ductal cancer in a population of over
400,000 people [50]. This final study was not able to conclusively identify a beneficial role of
high nut consumption in the prevention of pancreatic cancer. It is probable that dissecting
diets out into specifics, such as level of nut consumption, is simply not useful and entire diets
need to be studied. Nonetheless, eating several nuts a day hardly seems difficult and seems
like good common sense due to the high levels of vitamins and minerals found in them.

3.9. Anti-Inflammatory, Ketogenic and Mediterranean Diets

In a study of 101,449 people aged from 52–78 followed for 8.5 years a total of 328 pa-
tients with pancreatic cancer were identified and no clear association with increased
risk of pancreatic cancer risk was identified in patients determined to have a more pro-
inflammatory diet when compared to an anti-inflammatory one [51]. An energy-adjusted
dietary inflammatory index was used to determine degree of inflammation and has been
found to correlate with Interleukin-6, Tumor Necrosis Factor-α and C-reactive protein [51].
Admittedly, the authors did acknowledge that results could have been affected by different
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follow-up times among the cohort. The study was then repeated by the same group after a
median follow-up of 13.4 years with 2824 pancreatic cancers diagnosed, and the conclusion
was the same [52]. Importantly, neither of these studies looked at patients already diag-
nosed with pancreatic cancer and only analyzed the risk of developing pancreatic cancer.

At the University of Iowa, mice with MIA PaCa-2 pancreatic cell line xenografts
were fed a ketogenic diet and compared to a control group [53]. When mice were on a
ketogenic diet and given ionizing radiation there appeared to be a significant survival
benefit. As a result, a phase II trial was conducted, but only consisted of 2 patients with
1 patient dropping out of the trial due to the difficulty in maintaining the ketogenic diet.
Although the animal model is interesting, the low number of patients enrolled in the trial
and the difficulty in maintaining a ketogenic diet limit the ability to make recommendations
regarding the efficacy of a ketogenic diet in patients with pancreatic cancer.

One paper analyzing 77,151 from Northern Sweden found a decreased incidence
of pancreatic cancer in the population that adhered to a Mediterranean diet [54]. This
protective benefit was quite small and appeared to be more related to alcohol consumption
and resultant improved cardiovascular status.

These findings echoed the results of an Italian study of 20,000 cancer patients com-
pared to 18,000 controls published in 2009 by a researcher in Milan who found that the
Mediterranean diet had both a protective effect against cardiovascular disease, but also
many cancers including pancreatic cancer. However, due to the fact that this study was
more than 10 years old, it was not included in Figure 1 [55].

3.10. Probiotics

An animal study published in 2020 found potential benefits to probiotic adminis-
tration in inhibiting pancreatic cancer proliferation [56]. This research group from Tai-
wan used LSL-KrasG12D/-Pdx-1-Cre transgenic mice that had pancreatitis induced with
intra-peritoneal caerulein injections because of the correlation between pancreatitis and
pancreatic carcinogenesis. Tumors in mice that were treated with gemcitabine and probi-
otics had diminished pancreatic intraepithelial neoplasia (PanIN) changes and decreased
expression of Ki-67 and vimentin when compared to mice treated with gemcitabine alone,
indicating pancreatic carcinogenesis. Furthermore, the tumors treated with probiotics also
had decreased elevations in their transaminases, indicating a potential hepato-protective
effect. Interestingly, these potential benefits were noted in mice that were treated with
probiotics alone without the addition of gemcitabine. The authors theorized that probiotics
may have the ability to make gemcitabine-based chemotherapy more effective due to the
decreased tumor markers; and increase the ability of patients to complete neoadjuvant and
adjuvant gemcitabine-based treatments due to the decreased hepatic enzyme levels when
probiotics were administered. There currently are no published studies on humans with
pancreatic cancer and probiotics.

4. Discussion

Although there are currently no published RCTs on integrative medicine and pancre-
atic cancer, a significant amount of in vitro and animal studies, in addition, to case series
and meta-analyses exist to help guide clinicians in making recommendations to patients
with pancreatic cancer. When we use IM for our cancer patients often they are healing
from complex digestive reconstructions and have to undergo adjuvant chemotherapy and
sometimes radiation therapy before being completely recovered from major abdominal
surgery. We have found that it is more realistic to not be too draconian with these patients.
We begin to introduce the principles of IM, but realize that diet and lifestyle modification
may take months or even years to fully incorporate. The patient is provided with the
information, and then we discuss adherence to recommendations on subsequent visits
and review what the patient is doing well, and what perhaps needs more work. This
imprecision is often a criticism of IM, however, meaningful change in people’s habits that
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they have had for years can be a very difficult undertaking that may simply require more
encouragement and reinforcement.

Patients often ask about the Cornell China Study, which advocated for a Vegan diet.
Although the New York Times termed the study the “Grand-Prix of epidemiology”, only
6500 people were actually enrolled in the study and this cohort was followed for 20 years.
The main conclusions of the study were reported in a best-selling book and essentially
advocate for a plant-based diet to reduce a host of chronic illnesses ranging from coronary
artery disease, auto-immune illness, and even cancer, it was not possible to find many
peer-reviewed journal articles discussing the findings of this study [57]. Regardless if it can
be tolerated, a Vegan diet with Vitamin B12 supplementation certainly does not seem to be
a problem [58].

Although one study in an animal model exists advocating for potential benefits of a
ketogenic diet does exist, the absence of adequate human studies and difficulty in adhering
to this regimen in patients already suffering from pancreatic cancer make recommending
this diet difficult [53]. A ketogenic diet is essentially a high protein diet, which most people
adhere to by eating large amounts of animal proteins, which goes against studies arguing
for plant-based diets. If a ketogenic diet is to be followed, it seems like a plant-based
version could be interesting, but potentially unrealistic.

In the Nurses’ health study, a prospective study on 75,680 women published in the
New England Journal of Medicine in 2013, women who ate a 28 g of nuts, at least 2 times
a week, were found to have a decreased risk of pancreatic cancer [59]. This could be
due to better glycemic control, decreased ingestion of animal products or something
inherent in the nuts [48]. Nuts have also long been known to reduce the risk of diabetes
mellitus and cardiovascular disease, 2 factors that have a strong influence on mortality and
overall survival.

Alcohol consumption has recently been found to increase the risk of developing
many cancers. This was recently shown to be the case for pancreatic cancer in a European
study published in 2018 [60]. In addition, alcohol consumption increases the risk for the
development of pancreatitis, which could be an even more significant problem in a patient
who has undergone pancreatic resection in the past. Alcohol consumption should be
limited to no more than 1 glass of wine/day and ideally less or even complete abstinence.

Tobacco smoking is the only clear risk factor for the development of pancreatic cancer.
Total abstinence is paramount for everybody, but in particular, patients with pancreatic
cancer or risk factors for it. This also holds true for marijuana cigarettes mixed with
tobacco. On the contrary, marijuana smoking itself does not have a known increased risk
of developing pancreatic cancer. Although there is currently a lot of excitement about
medical marijuana (Cannabinoids) and it’s in vitro ability to kill cancer cells, there are still
no conclusive studies showing that its use can reduce the risk of developing pancreatic
cancer [41]. That being said, it is also an extremely safe medication and animal studies
from Australia with the CBD form of marijuana have shown a protective effect when
given with gemcitabine in a mouse model [61]. As a result, CBD oil with or without
THC should probably be considered in patients with pancreatic cancer being treated with
gemcitabine-based chemotherapy.

Patients often ask why they got pancreatic cancer. Although it is impossible to know
for sure, decreasing xenobiotic exposure needs to be considered. We ask all of our cancer
patients to decrease any chemical or toxin ingestion that is foreign to the body. Dairy
and beef products can also be contaminated with pesticides and is another argument
for an organic plant-based diet. Although earlier exposure to pesticides and herbicides
cannot be changed, patients are informed that they can stop any further exposure to
these chemicals due to gardening or work in the outdoors. They are reminded to wash
all produce thoroughly and to avoid pesticides and herbicides and to peel non-organic
vegetables and fruits and, if economically feasible, buy organic. Additionally, they are
instructed to preserve and cook all foods in glass containers instead of plastic, and reminded
to never microwave food in plastic containers. For motivated patients, we also direct them
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to the Environmental Working Group website (www.EWG.org), which discussed endocrine
disruptors and how to avoid them in their environment and body care products.

It is well-known that exercise is key to maintaining a normal BMI. In 2014, a study
from the Czech Republic looked at 309 patients with pancreatic cancer and compared
them to 220 controls. The researchers found that people with pancreatic cancer tended to
exercise less than people did not develop pancreatic cancer. Notably, the exercise had to be
“leisure-time” exercise and not work-related exercise [62]. Indicating that stress reduction
may also influence carcinogenesis and recurrence rates.

There are good data that mindful based stress reduction with a plant-based diet can
improve quality of life, tumor markers and telomere length in a number of cancers [63–66].
John Kabat Zinn has wonderful work on Mindful Based Stress Reduction meditation. Belle
Ruth Naprastek also has wonderful CD’s and tapes for stress reduction. Although pancre-
atic cancer in particular has not been studied yet, this modality certainly seems worthwhile.

5. Conclusions

Patients with pancreatic cancer should consider an anti-inflammatory diet, which
is a plant-based diet, and an emphasis on the consumption of nuts. Veganism does not
seem to have any down-sides as long as Vitamin B12 supplementation is taken. Lifestyle
changes should include stress reduction and consideration to a daily mindfulness practice.
Recommendations on diet modification, supplementation and lifestyle modification is
particularly complex. It is important to stress to patients that dietary supplements are
controlled by the food aspect of the FDA. This means they must be clean, yet are not
regulated well to ensure they contain the amount of ingredients they claim on the label. To
prevent patients from taking supplements that are mislabeled or inadequate, we suggest
that they take supplements that have a USP on the label. United States Pharmacopeia (USP)
is an independent regulatory agency that has tested these supplements. Supplements to
consider during gemcitabine-based chemotherapy include curcumin, melatonin, probiotics,
and CBD oil. Vitamin D deficiency should be aggressively treated and patients should also
consider supplementation with Fish Oil. Although not all surgeons have the time to do an
integrative medicine fellowship, we do recommend that more surgeons consider sending
their patients for an IM consult. As more surgeons become versed in IM, it is hoped that
the field can expand with increased considerations for surgery-based pathologies.
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