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The association between Diabetes and cancer has been known for decades with obesity and insulin
resistance being postulated as the main underlying risk factors for both disorders. With rise of the
epidemic of obesity in the USA and around the globe, there has been a rise in diabetes that is currently
reaching epidemic proportions. Diabetes is known to be associated with increased risk of several types of
malignancy including breast, cervical, pancreatic and colon cancer. In this review, we discuss the epidemic
of obesity and its consequential epidemic of diabetes highlighting the pathophysiologic mechanisms of

increased cancer in the diabetic population. We will then discuss the role of insulin therapy as well as
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Introduction

Obesity and diabetes are becoming increasingly prevalent
globally. The incidence of cancer is also predicted to increase
by over 20% by 2020 [1].

Worldwide, cancer is the second leading cause of death,
and diabetes is the 12" [2]. The relationship between Diabetes
and cancer has been well established for decades. Indeed, a
plethora of epidemiological studies have shown type 2 Diabetes
Mellitus to be an independent risk factor for cancer. Obesity
and secondary insulin resistance are implicated underlying risk
factors in both diabetes and cancer development [3]. Concurrent
with the rise in the obesity epidemic worldwide is a rise in
diabetes. The mechanistic role of diabetes in carcinogenesis
is robust and clear for several malignancies. In this review,
we discuss the epidemic of obesity, its consequential rise in
diabetes, highlighting the pathophysiological mechanisms of
increased cancer in the diabetic population. Finally, we will

other antidiabetic medications, particularly metformin that has been to be associated with lower risk as
well as better survival with Gl malignancies based on several studies including a study that was recently
published by our group.

discuss the role of insulin therapy and metformin therapy in
cancer risk and mortality.

Epidemiology of obesity in the United States and glo-
bally

Obesity is a rapidly increasing chronic disease both in the
United States and globally. Estimates of obesity prevalence
in the United States have increased almost unmitigated over
the past 50 years, increasing from 22.9% to 30.5% to 39.6 %
(NHANES). These values are projected to rise to 51% of the
population, a 130% increase, by 2030. From 2015 to 2016, the
prevalence of obesity in men was 37.9%, 41.1% in women
(NHANES, [4,5]) and 18% in children [6]. The prevalence was
higher in the Midwest and the South and lower in the Northeast
and the West coast of the USA (NHANES,[4,5]). The mean BMI
is also increasing worldwide with obesity rates nearly tripling
since 1975. In 2016, more than 1.9 billion adults greater than
18 years were overweight (WHO). Although the USA boasts the
largest absolute value of overweight and obese adults, other
nations exceed this value in both prevalence and growth rates.
To name a few, the prevalence of overweight and obese adults
in Mexico is estimated to be 71.3%, an increase of 15% since
2000 placing Mexico as the fastest accelerator in obesity, while
in China, obesity has nearly quadrupled in men and doubled in
women and children [6].

Relationship between obesity and cancer

Excess weight is associated with an increased risk of
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multiple types of cancer. Overweight and obesity were estimated
to cause 40% of all cancers in the United States in 2014 [7]. The
Million Women Study has revealed that almost 50% of cancers
in post-menopausal women can be attributed to obesity [3].
More notably, a retrospective study of 2,347 subjects found that
the risk of cancer increased by 9% per SD increase in childhood
BMI [8], while excess weight in teenagers was linking to a
200% increase in colon cancer risk during adulthood [9].
Overweight- and obesity-related cancer incidence rates were
higher among older persons (ages=50 years), females, and
among non-Hispanic black and non-Hispanic white adults
compared with other groups [7]. Additionally, obesity and
overweight may increase the likelihood of dying from cancer.
Abdominal obesity has been shown to increase the risk of
cancer mortality by 24%[10]. Higher severity of obesity has also
been linked to higher tumor histologic grade, mitotic cell count
and larger tumor size compared to lower BMI quartiles [11].
Cancers commonly found in obese people include endometrial,
esophageal adenocarcinoma, colorectal, postmenopausal
breast, prostate and renal [3]. Biological mechanisms linking
obesity to cancer incidence include caloric excess promoting
cancer cell proliferation, increased circulating insulin and IGF-
1 activating cellular proliferation pathways, increasing insulin
resistance induced insulin elevations (as will be discussed
later), increased circulating sex steroids secondary to increased
aromatization in lipids, and oversecretion of pro-inflammatory
cytokines including IL-6, TNF-a, and leptin, molecules
implicated in cancer development and progression [3].

Relation between obesity and diabetes

It is exceedingly well established that obesity is the number
one risk factor for type 2 diabetes. Nationally, increases in
obesity prevalence have paralleled those of diabetes. Studies
have reported that women with a BMI of 30 kg/m2 have 28
times a greater risk of diabetes, and 93 times if BMI is 35 kg/
m2, compared to women of normal weight [12]; in men, the
rate of incident diabetes was 11.4 per 1000 person-years among
obese subjects versus 1.6 among normal-weight subjects [13].
Even more, type 2 DM has emerged as a pediatric dilemma:
the prevalence of diabetes has increased by 35% since 2001
amongst youth ages 10-19 [14]. The mechanism whereby
obesity causes insulin resistance is becoming increasingly
clear. Adipose tissue distribution is an important determinant
in diabetes development, with the highest degrees of insulin
resistance occurring in subjects with central or abdominal
obesity. Increased pro-inflammatory cytokines and hormones
released predominantly by intra-abdominal adipose tissue are
involved in insulin resistance [15]. B-cell dysfunction is the
next step required for diabetes to develop. As B-cell dysfunction
causes inadequate insulin secretion, hyperglycemia pursues.
Further increases in blood glucose propagate insulin resistance
through the glucotoxic effects on pancreatic B-cells. Non-
esterified fatty acids secreted by central adipose tissue may
play a role in deregulation of glucose-stimulated insulin
secretion pathways, insulin biosynthesis, and subsequent
B-cell dysfunction [16]. There are a several other molecular
and biochemical mechanisms proposed for the role of obesity
on insulin resistance and diabetes. However, they are beyond
the scope of this review.

Diabetes and Gastrointestinal malignancies: Epidemio-
logy and mechanistic insight

Patients with diabetes experience a roughly 20-25% higher
cancer incidence compared to individuals without diabetes [17].
Moreover, patients with diabetes who further develop cancer
have increased early and late mortality compared to cancer
patients without diabetes [17]. The following is a brief overview
of the relationship between diabetes and varying cancers.

Liver cancer: A meta-analysis by Wang et al. demonstrated
that both men and women with Type 2 DM had a 2-fold
increased risk of developing hepatocellular carcinomas (HCC),
compared with non-diabetics [18]. In a meta-analysis by
Dyal et al. it was shown that type 2 DM was associated with
increased risk of HCC, independent of factors including age,
sex, and obesity. Even more, obesity and hepatic steatosis
were independent predictors of HCC [19]. This suggests
that metabolic derangements such as obesity, in addition
to diabetes, work synergistically to increase HCC risk. The
mechanisms involves exposure of the liver to high levels of
endogenously produced insulin through the portal vein. These
elevated insulin levels subsequently increase production of
IGF-1 levels, which thereafter increase cellular proliferation
and inhibit apoptosis in the liver [20]. A study by Jee et
al. has shown a dose relationship between fasting serum
glucose and cancer mortality rates, in addition to liver cancer
rates [21]. Additionally, Insulin resistance induced release of
pro-inflammatory cytokines promote hepatic steatosis and
inflammation. As such, liver steatosis, hepatitis, and cirrhosis
are more frequent among diabetic patients and are well known
risk factors for HCC [22].

Colorectal cancer: The relationship between type 2 diabetes
and colorectal cancer incidence has been shown in several
epidemiological studies. A meta-analysis study by Jiang et al.
showed that patients with diabetes were at a 27% increased
risk of colorectal cancer compared to non-diabetics [23].
Additionally, Peeters et al. demonstrated a 1.3-fold increase in
risk of colorectal cancer amongst diabetic populations, along
with a trend of increased risk for longer duration of obesity
[24]. Potential mechanisms include slower peristalsis and
constipation in diabetic patients, causing increased exposure
to bowel toxins including fecal bile acids and potential
carcinogens [25,26]. Hyperinsulinemia and increased IGF-1
levels also contribute to adenocarcinomas through increased
cellular proliferation [22].

Pancreatic cancer: The greatest association between
diabetes and GI malignancy has been demonstrated in
pancreatic cancer. Chari et al showed that subjects with new-
onset DM had a RR of pancreatic cancer of 7.94 compared
to non-diabetics [27]. It may be unclear whether diabetes
contributes to pancreatic cancer or precancerous pancreatic
cells are incapable of producing insulin (reverse causality). A
meta-analysis by Everhart found that in patients who have
had diabetes for at least 5 years, the relative risk of pancreatic
cancer was 2.0 [95% CI, 1.2-3.2] [28]. However, Huxley et al
found that individuals with diabetes for less than 4 years had a
50% increased risk of pancreatic cancer than did patients with
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diabetes for greater than 5 years [29]. Another study showed
that risk estimates decrease as the number of years with
diabetes increased [30]. Presently, it is hard to differentiate
between which came first. Insulin resistance and subsequent
hyperinsulinemia and IGF-1 are the most hypothesized
underlying mechanisms for cancer in diabetics, including
pancreatic cancer, and expose pancreatic tissue to higher
insulin levels than seen in circulation. In addition, Islet cell
turnover is implicated in pancreatic cell carcinogenesis. In
hamster cells, destruction of Islet cells by streptozotocin or
alloxan inhibited pancreatic cancer induction [31].

Gastric cancer: The impact of diabetes on gastric cancer
incidence has shown differing results in studies. A meta-
analysis by Ge et al. on studies between 1966 and 2011, found
a similar risk of gastric cancer between diabetics and non-
diabetics. However, a subgroup analysis showed that diabetic
women had an 18% increased risk, although not the case for
diabetic men [32]. However, another meta-analysis by Yoon
et al, including studies from any date, found a significantly
increased relative risk (1.19; 95%CI [1.08-1.31] after adjusting
for well known risk factors including smoking and H-pylori
infection. The authors similarly found that female subgroups
were at a higher risk [33]. Shimoyama et al. also demonstrated
an increased relative risk of gastric cancer amongst diabetic
patients (RR of 1.41, [95%CI: 1.10-1.81]). This study found that
both sexes had a significant association, although greater in
women. Some studies have shown that diabetics have a higher
rate of H. Pylori infection, a well-known risk factor for gastric
cancer, due to impaired immune function [34]. Respectively,
concomitant diabetes and H. Pylori infection are associated
with a dramatically increased risk of gastric cancer [35].

Diabetes and Cancer: Mechanism

Several mechanisms have been described linking diabetes
to increased carcinogenesis. Insulin resistance is known to
increase circulating levels of insulin and IGF. Ligand binding
of these increased circulating factors to insulin receptors
expressed on cancer cells exert a pro-growth mitogenic effect,
stimulating tumor cell growth. This observation is further
confirmed by decreased tumor growth in xenografts with
reduced expressed of insulin receptors. Downstream signaling
after ligand-receptor interaction activates the phosphoinositide
3-kinase (PI3K), protein kinase B (Akt), mammalian target of
rapamycin (mTOR), PI3K/Akt/forkhead box O, and Ras/MAPK/
extracellular signal-related kinase 1/2 pathway, which plays
important roles in cancer cell growth and carcinogenesis [22].

Hyperglycemia increases cancer risk both directly and
indirectly. Directly, glucose provides the fuel source for the
increased aerobic glycolysis observed in rapidly proliferating
cancer cells, typically known as the Warburg effect. Indirectly,
in vitro studies with cancer cell lines have shown enhanced
expression of genes associated with cell proliferation, invasion,
and migration, including epidermal growth factor (EGF) in
pancreatic cancer cell lines, which subsequently activates
the epidermal growth factor receptor (EGFR), a well-studied
oncogenic pathway [36]. The exposure of susceptible cells to
hyperglycemia results in increased production of superoxide by

mitochondrial electron transport chains. These elevated levels
of reactive oxygen species lead to cellular DNA instability and
mutations [37]. In cancer cell lines, high glucose stimulated
increased expression in cdk2 and cyclin D1, cell cycle checkpoint
proteins, causing increased cell proliferation [37]. In-vitro
studies have also shown overexpression of GLUT-transporters
in cancerous cell lines, allowing for increased utilization of
glucose and a switch from aerobic to anaerobic glycolysis, as
first described by Warburg. Increased lactate production and
a decrease in mitochondrial respiration cause acidification of
tumor environment, as tumor cells become resistant to the
toxic effects of acidosis through increased H+ transported
activity, and decreased apoptosis, a phenomenon which
naturally occurs in non-malignant cells in acidic environments
[37]. Hyperglycemia also contributes to cancer metastasis
through increased epithelial-mesenchymal transition (EMT)
[38]. Hyperglycemia has also been shown to confer resistance
to chemotherapy, while causing increased toxicity in breast
cancer cell lines [39].

Additionally, chronic inflammation has been associated
with increased carcinogenesis. The deregulated metabolism
associated with poorly controlled diabetes increases both
oxidative stress and upregulation of pro-inflammatory
cytokines, including IL-6, TNF-a, and C-reactive protein.
Increased oxidative stress causes damage to DNA, fatty
acids, and amino acids, all involved in cell transformation
to malignancy. TNF-a also causes increased activation of
nuclear factor-kappa B (NF-KB) which induces downstream
signaling of cell proliferation, angiogenesis, survival,
subversion of adaptive immunity, and response to hormone
and chemotherapeutic agents [22]. These mechanisms have
been summarized in figure 1.

Insulin therapy and its role in carcinogenesis

Three large randomized trials have compared insulin
therapy with other treatments for an assessment of cancer
risk. The UK Prospective Diabetes Study (UKPDS) reported
a cumulative incidence of cancer-related death of 4.9%
for insulin therapy versus 5 % for other treatments, over
the course of 11 years [40]. The Outcome Reduction with an
Initial Glargine Intervention (ORIGIN) trial randomized 12,
537 patients with diabetes to either glargine insulin or oral
therapy [41]. The study found a similar overall incidence of
cancer between the two groups (HR 1.00, CI [.88-1.13]), and
cancer related mortality (HR 0.94 [0.77-1.15]) [41]. Conversely,
the extended follow-up of the Diabetes Mellitus Insulin-
Glucose Infusion in Acute Myocardial Infarction (DIGAMI-1)
trial reported a significantly higher cumulative cancer-related
mortality (4.4% versus 2.0%) in the chronic insulin treatment
group [42]. It is worthwhile to note that none of these trials
were specifically designed to assess cancer risk associated with
insulin therapy. Additionally, in the aforementioned trials,
insulin was a rescue therapy for patients in the control group,
potentially attenuating differences in outcomes between the
two groups.

In vitro studies have shown that glargine has an affinity
for IGF-1 receptors much higher than human insulin [43].
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Figure 1: Possible mechanisms that lead to development.
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Glargine also stimulates the growth of breast cancer cells in
vitro. However, the concentrations of insulin used in in-vitro
experiments are often much higher than those reached during
insulin treatment for type 2 diabetes, and interestingly, the
products of glargine metabolism have a low affinity for the
IGF-1 receptor [43]. A prospective study by Hemkens et al.
on 127,031 patients with diabetes treated with human insulin,
aspart, lispro or glargine found that after adjusting for dose, a
statistically significant dose-dependent increase in cancer risk
was found for treatment with glargine compared with human
insulin [44]. Other epidemiologic studies have shown differing
results. Jonasson and colleagues noted that women on glargine
alone had a higher risk of breast cancer than woman on other
types of insulin, but a reduced risk of all-cause mortality [45].
Whereas a study in Scotland found no increased risk of cancer
with overall glargine use (albeit six events of cancer occurred
in exclusive glargine users who were more likely to be older,
women, and have higher BMI) [46]. Finally, a study by Currie
et al of 62, 809 patients comparing insulin to other therapies
found that insulin therapy of any type increased the risk of
solid tumors [47].

Currently, there is inconclusive evidence that exogenous
insulin is associated with increased risk of cancer. The prior
mentioned randomized control trials have failed to show
increased cancer incidence, were not designed to do so, and
have inherent biases and limitations. Additionally, in vitro
studies, while helpful, have disadvantages when translating
their results to human subjects. Clearly, more randomized
control trials are required before the true impact of exogenous
insulin therapy on cancer incidence and risk is known.

Metformin and reduction in cancer risk

Several epidemiological studies have confirmed an
association between metformin use and reduction in cancer
risk. In a meta-analysis by Soranna et al, the use of metformin
was associated with a significantly reduced relative risk of
all cancers (RR 0.61, 95% confidence interval [CI] 0.54-0.70)
[48]. Similarly, another meta-analysis of 12 RCTs and 41
observational studies found a reduction in cancer death by

35%, and cancer risk, by 27%, with the use of metformin.
Particularly, the authors found that metformin was associated
with reduction in GI malignancies only [49]. A plethora of
other observational studies have noted the same impact [50]. A
retrospective study by Tseng et al. also reported a significantly
lower risk of gastric cancer in metformin users, especially
after a 2 year use duration (HR .448, 95% CI [0.359-0.558])
[51]. In another large prospective study of 480,984 patients
by Lee and colleagues, the use of metformin in diabetics was
associated with a reduction in total, colorectal, pancreatic, and
liver carcinomas [52]. Interestingly, the use of metformin has
been shown to improve chemotherapeutic response rates, and
decrease locoregional recurrence after radiation therapy, in
esophageal cancer patients [53].

Mechanistic insight into metformin and reduced cancer
risk

A mechanism currently proposed for the anticancer action
of metformin includes the inhibition of the mammalian target
of rapamycin complex 1 (mTORC1) pathway, which plays
an important role in metabolism, growth and proliferation
of cancer cells [54]. Research by Mohammed et al. showed
reduction in cancer spread in pancreatic tissue of mice treated
with metformin, along with significant inhibition of the mTOR
pathway [55]. The mTOR pathway is activated through IGF-1
and Insulin ligand binding to their respective receptors, which
causes the insulin receptor substrate (IRS) signal to transmit
to phosphoinositide 3-kinase (PI3K), and Akt/protein kinase B
(PKB), which indirectly activate mTORC1 [50] . Thus, another
mechanism includes reduction in circulating insulin and IGF-
1 levels through increased insulin sensitivity induced by the
drug, as also supported by in-vitro studies [56]. In breast
cancer cells, metformin decreased levels of epidermal growth
factor receptor 2 (HER2) through inhibition of the mTOR
effector, p70S6K, a molecule responsible for phosphorylation
of S6 ribosomal protein and thereby, protein synthesis [57].
In gastrointestinal tumors, metformin has been shown to
inhibit epithelial to mesenchymal transition, a phenomenon
implicated in cancer metastasis [58]. Additional molecules
involved in the inhibition of cancer growth by metformin have
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been studied and discussed in detail, but are beyond the scope
of this review article [50].

Survival with metformin therapy

In addition to improving cancer incidence, the evidence
today shows that metformin additionally has overall survival
benefits. The landmark UK Prospective Diabetes Study (UKPDS)
showed that metformin significantly reduced diabetes-related
mortality by 42%, all-cause mortality by 36%, myocardial
infarction by 39%, and any diabetes related endpoint by 32%
[40]. In a prospective study performed by our authors, the use
of metformin showed significant risk reduction in mortality,
and improved overall survival, in patients with colorectal
carcinoma [59]. Additionally, a study of 30,493 patients with
colorectal cancer, of which 3,391 were diabetic, and 1962 were
treated with metformin, found an increased HR for all-cause
mortality in the diabetes group, and a reduction in mortality by
15% in the metformin treated group [60]. A meta-analysis by
Li et al. on the effect of metformin on survival of patients with
pancreatic cancer found a significant improvement in survival
(HR 0.86, 95% CI ] 0.76-0.97] in patients on metformin
compared with control [61]. The long term use of metformin
is also associated with a lower risk of gastric cancers, and in
gastric cancer patients treated with gastrectomy, a reduction
in disease recurrence, all-cause and cancer-specific mortality
[62]. Beyond gastrointestinal cancers, metformin use has also
been shown to improve overall survival and cancer specific
survival in patients with prostate cancer [63]. In patients with
non-resectable hepatocellular carcinoma, the use of metformin
has been associated with improved overall survival after
radiotherapy [64]. In-vitro and In-vivo, esophageal cancer
cell viability has been found to be reduced with metformin
treatment through cell-cycle arrest, apoptosis induction, and
IGF-1 downstream signaling inhibition, along with tumor
burden reductions in mice [65].

Diet, exercise and their role in cancer

Although obesity rates continue to grow, efforts to mitigate
its impact on cancer incidence are underway. Studies have
shown that moderate intensity activity is associated with
a reduction in risk of breast, colon and endometrial cancer
[66]. Findings have indicated that women with breast cancer
who engage in 2-3 hours of break walking a week had a
significantly lower risk of recurrence and mortality from breast
cancer. This outcome is related to reduction in circulating sex
hormone levels through reductions in body fat [66]. Physical
activity is also known to improve insulin resistance and reduce
risk of diabetes through increased muscle insulin sensitivity.
Prospective studies have also shown improved disease-free
survival in colon cancer patients who engaged in physical
activity [67], likely through increased colon motility and
reduced carcinogen exposure in the colon. Physical activity also
has beneficial effects on DNA oxidative damage repair [68].
Even more noteworthy is the effect of diet on cancer mortality.
A meta-analysis by Schwedhelm et al. demonstrated that a
higher intake of vegetables and fish were inversely associated
with overall mortality in cancer survivors, while a western diet
e.g (red and processed meats, nitrite/nitrate containing) was

associated with increased risk of overall cancer mortality, and
mortality in colorectal cancer survivors [69].

Conclusion and Future Direction

As the obesity epidemic continues to rise, its repercussions
continue to be felt by populations globally. The evidence for
the impact of obesity on diabetes, and its role in carcinogenesis
and cancer mortality is becoming increasingly robust. Obesity
is not only required for the development of type 2 DM, but both
obesity and diabetes are independent risk factors for tumor
development and progression, and are associated with worse
survival outcomes and decreased response to therapy in cancer
patients. Although seemingly unyielding in its impact, obesity
and diabetes are both preventable and controllable diseases,
and several studies have shown the impact of proper diet and
physical activity on cancer mortality. Future directions in
mitigating the brunt of obesity and diabetes on carcinogenesis
and mortality require randomized control trials. Currently,
there are ongoing trials studying the impact of diabetes, weight
loss, and therapy including but not limited to the impact of
weight loss on breast cancer recurrence (NCT02750826),
repurposing metformin as an anti-cancer drug (NCT03137186),
and the feasibility of diet and exercise in non-invasive bladder
cancer (NCT03137186).
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