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Non-hereditary risk factors associated with pancreatic
cancer: a focus on obesity and diabetes
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The number of new cancer diagnoses is projected to increase by
over 20% in Europe by 2035, and cancer is expected to become the
leading cause of death worldwide. Accepted risk factors for cancer
include smoking, alcohol consumption, diet (insufficient consumption
of fruit, vegetables, fiber, and dairy products and consumption of red
and processed meat), obesity, and lack of physical activity. Pancreatic
cancers, about 85% of which are pancreatic ductal adenocarcinomas,
are highly lethal, with a 5-year survival rate of only 7% [1]. A greater
understanding of the risk factors for pancreatic cancer are urgently
required to develop preventative and early detection strategies.

Nearly 30% of the world’s population is now overweight or obese
[2,3]. Furthermore, the prevalence of obesity in children has increased
dramatically over recent decades, and obesity is a major health concern
and priority in both children and adults. Excess body weight and
diabetes have been recognized as two non-hereditary risk factors
for pancreatic cancer, and excess body weight and obesity underpin
inflammatory and metabolic diseases including insulin resistance
and type 2 diabetes mellitus. Obesity can be regarded as a state of
chronic low-grade inflammation, since adipose tissue actively secretes
inflammatory and immune mediators. Hypertrophic adipocytes
produce proinflammatory cytokines such as interleukin-6 (IL-6) and
tumor necrosis factor-a (TNF-a), which have local effects on different
cell types, inducing a state of inflammation and systemic insulin
resistance [4]. Serum markers of inflammation (IL-6, TNF-a, leptin)
are elevated in overweight and obese children and adults.

The pro-inflammatory state induced by obesity may increase
pancreatic cancer risk via a number of mechanisms [5]. Cytokines
and inflammatory mediators such as TNF-a, IL-6, IL-8, and IL-10
are thought to participate in the initiation and progression of cancer
[6], including pancreatic cancer [7], and inflammation also affects
immune surveillance and responses to therapy [8]. Inflammation
caused by diet-induced obesity triggers increased K-Ras activity, which
can be an underlying cause of pancreatic tumorigenesis. Lin et al. [9]
identified a critical role for IL-29 in obesity-induced adipose tissue
inflammation and insulin resistance. IL-29 and its receptor were found
to be expressed in adipose tissue isolated from obese patients, and IL-
29 stimulated adipocyte inflammation by increasing inflammatory
cytokine production such as IL-8 and IL-1f. This finding makes IL-29
a novel candidate target for treating obesity and insulin resistance in
patients with metabolic disorders.

Adipocytes also act in an endocrine manner to send and receive
signals that modulate a number of processes including appetite, energy
expenditure, and insulin sensitivity. Food intake is regulated by the
interaction of several neurotransmitters such as leptin, acetylcholine,
serotonin, and dopamine, cytokines, and insulin and insulin receptors
in the brain. In addition, exercise promotes anti-inflammatory reactions
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that favor biochemical events in the brain that suppress appetite. Lee,
Lee and Choue [10] discussed the influence of dietary factors on
inflammation associated with obesity and suggested that optimal
nutrition includes vitamins, minerals, flavonoids, and polyunsaturated
fatty acids (PUFAs), which play essential roles in immunity. These
nutrients are anti-inflammatory and therefore beneficial, perhaps even
early in life. For instance, Das (2001) [11] suggested supplementing
infant formulas with long-chain polyunsaturated fatty acids (LCPUFAs),
as these fatty acids might play an important role during the critical
stages of brain development, in brain function, and in suppressing
inflammation, which is not only of importance during early childhood
but many years later.

Adipose tissue is also implicated in the development of chronic
metabolic diseases such as diabetes, especially type 2 diabetes mellitus,
and a number of mechanisms have been hypothesized linking diabetes
and cancer such as insulin resistance, hyperinsulinemia, hyperglycemia,
and increased inflammatory processes. The same pro-inflammatory
cytokines increased in obesity are also increased in patients with type
2 diabetes and are implicated in carcinogenesis including TNF-a, IL-6,
leptin, C-reactive protein (CRP), and adiponectin, a cytokine produced
by adipose tissue and associated with insulin sensitivity and therefore
a cytokine with protective effects against the development of type 2
diabetes (Wu et al., 2016; Saeedi et al., 2019) [12,13].

As well as obesity contributing to cancer risk via inflammatory
pathways, individual foods and drinks have been shown to have pro- or
anti-inflammatory effects, with vegetables, fruit, and oily fish classical
examples of anti-inflammatory foods. Therefore, dietary supplements
have been examined in cancer risk and therapy. Gonzalez et al. (2016)
[14] reported that high-dose intravenous vitamin C can be used in the
management of pancreatic cancer patients and improve quality of life.
Active hexose correlated compound (AHCC) is a dietary supplement
with a well-known immune stimulating effect, and there is a report
of AHCC use maintaining remission in a breast cancer patient [15].
Ginseng extract contains numerous phytochemicals that have significant
pharmacological activities, and Cai, Zhang and Huang (2019) [16]
reviewed the data showing that ginseng extract and its constituents are
promising candidates for cisplatin toxicity prevention and the reversal
of resistance. Intermittent fasting has also been recognized as an anti-
cancer strategy. Duran et al. (2018) [17] demonstrated the effectiveness
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of intermittent starvation as a metabolic cancer therapy that may
predict improve outcomes in combination with chemotherapeutics.

In terms of ingestion of toxins that might contribute to pancreatic
cancer risk, bisphenol A (BPA) and phthalates are
disrupting-chemicals (EDCs) that are increasingly thought to play
a role in carcinogenesis and can promote weight gain and obesity by

endocrine

interfering with the action of neurotransmitters and signaling pathways
in the brain. Both BPA and phthalates contaminate food and water and
are obesogenic. Pregnancy and childhood are sensitive windows of
susceptibility to toxins, and numerous studies have suggested that these
chemicals impact the development of metabolic diseases, e.g. obesity
and diabetes, even many years after exposure, with adipocytes and
pancreatic B-cells particular targets. Filardi et al. (2020) [18] highlighted
the effects of BPA and phthalates on metabolic diseases, and Papalou et
al. (2019) [19] presented evidence on how these substances can perturb
human metabolism, causing an altered balance favoring obesity and
metabolic diseases. Finally, the immune system constitutes another
target of EDC action, as for natural hormones [20].

A considerable proportion of cancer cases could be avoided, and
many risk factors are preventable, not least obesity and its associated
diabetes. For less avoidable risk factors such as endocrine disruptors,
which we may be exposed to daily, exposure needs to be minimized to
prevent cancer, sometimes many years later. Prevention and education,
particularly for young people and pregnant women, are urgently
required.
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