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ARTICLE INFO ABSTRACT

Received: Nov 14, 2024 Type 2 diabetes (T2D) is a highly prevalent metabolic disorder which manifests

. as a result of numerous genetic, epigenetic and life-style factors. According to
Accepted: Jan 10, 2025 the estimates of the World Health Organization, about 90% of diabetic patients
suffer from T2D. It can be managed by appropriate medication (oral
medications and/or insulin) and lifestyle changes including low carbohydrate

Keywords diet and regular exercise. Mounting evidence suggests that T2D is associated
Biomarkers with increased risk of certain cancer including liver, breast, colorectal,
Cancer pancreatic, endometrial and bladder. However, evidence for the connection
Diabetes between T2D and other cancers such as esophageal cancer and kidney cancer
Management is relatively less conclusive. While the molecular mechanisms linking T2D and
Metabolism cancer are incompletely understood, anti-diabetic drugs are known to have

differential effects in cancer patients with T2D. For example, insulin promotes
cell proliferation and emergence of chemoresistant whereas metformin
*Corresponding Author: suppresses tumor growth. Therefore, an in-depth understanding of molecular
factors that link T2D with cancer is crucial for selecting an appropriate anti-

Oshaikhomer@kau.edu.sa hyperglycemic medication for cancer patients suffering from T2D. The current
review highlights the potential molecular interactions which play a critical role
in metabolic alterations in cancer patients with T2D as well as possible
therapeutic strategies that may significantly contribute to the successful
management of cancer in patients with diabetic complications.

INTRODUCTION

About 537 million people worldwide have diabetes, making up about 10.5% of the world's
population, according to the International Diabetes Federation's 2021 report. Nearly half of all
diabetics do not know they have the disease, and low and middle-income countries (LMICs) in
Southeast Asia, the Western Pacific, and Africa have the highest rates of undiagnosed diabetes
mellitus [1].

Prevalence

Nearly half of all adults with diabetes are unaware that they have the disease, and an estimated 240
million people worldwide live with undiagnosed diabetes. Globally, diabetes places a significant
financial burden on healthcare systems. Globally, 537 million people (10.5%) between the ages of 20
and 79 are thought to be managing illness at the moment. According to estimates from the
International Diabetes Federation (IDF), 537 million people worldwide—or 10.5% of the total
population—had diabetes in 2021, which led to $966 billion in global healthcare costs [2]. By 2045,
this health expense is expected to increase to over $1054 billion. The prediction that the number of
people with diabetes mellitus will rise to 643 million (11.3%) by 2030 and 783 million (12.2%) by
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2045 is concerning. The number of people with diabetes worldwide, measured in millions, is on the
rise. The ten countries with the highest rates of diabetes worldwide are Bangladesh, Brazil, Italy,
Japan, Indonesia, India, China, the United States, and Russia. As a result, this health issue has become
a global emergency. The prevalence of diabetes mellitus is increasing at a significantly faster rate in
low- and middle-income countries (LMICs) than in high-income countries. It is important to
remember that the majority of diabetics worldwide—nearly 80% of the total population—live in
LMICs. It is predicted that 643 million people worldwide will have diabetes by 2030, primarily as a
result of a 150% rise in emerging economies [3-5].

In 2021, North Africa and the Middle East experienced consecutive outbreaks of diabetes mellitus
(DM) at a rate of 39.4%, with Qatar appearing to be the most affected nation at 76.1%. Africa is
expected to see the largest increase in the number of people with diabetes by 2045, with a startling
rise of 129%, or about 55 million cases, even though its prevalence estimate is the lowest among IDF
Regions at 4.5% [6]. It's interesting to note that, at 53.6%, Africa has the highest percentage of
undiagnosed diabetes cases. It's important to note that the African Region only spent 12.6 billion USD
on diabetes-related costs, which accounts for 1.3% of all diabetes-related spending worldwide.
However, since approximately 4.5% of the world's population has diabetes, this appropriation is out
of line with demographic reality. LMICs face a number of socioeconomic issues, including inadequate
nutrition, poverty, and a lack of physical activity. A recent report states that accurate, focused data is
desperately needed to support the creation of successful programs meant to address these issues [7].
Furthermore, accurately identifying and categorizing the populations most at risk was essential.

Cancer induced diabetes

Cancer and type 2 diabetes (T2D) are two of the most common and prevalent diseases claiming the
life of over 10 million people each year. Globally, cancer ranks 2nd while diabetes 12th as a cause of
the death [8]. Recently, some epidemiological evidence has indicated that there are various levels of
linking to diabetes and cancer significantly. These reports suggest that there are significant chances
of cancer and diabetes to be found in the same individuals even after adjusting the age. Both the
clinical problems get complicated by their various types, stages and versions whose pathophysiology
and prognosis are still not fully understood. Moreover, the individual suffering from chronic T2D are
at the higher risk of certain types of cancer including colorectal cancer, pancreatic cancer, liver
cancer, endometrium cancer and breast cancer [9]. However, other types of cancer (colon, rectum,
and bladder) are less likely to occur in the diabetic individuals while the association in case of kidney
cancer and non-Hodgkin lymphoma is still unestablished [10]. Alternatively, it is also reported that
the diabetic patients who get cancer have worse prognosis post chemotherapy or surgery with a high
mortality rate as compared to those without diabetes [11]. It is also noteworthy that few researchers
believe that the pathogenesis of cancer and diabetes involves vitamin D deficiency [12].

The link between both the diseases drew paramount attention when a famous anti-diabetic drug
named metformin was found to have antineoplastic activity in an animal model as well as cell lines
based studies by many contemporary investigators [13,14]. With accumulation of greater volume of
evidence, American Diabetic Association (ADA) and American Cancer Society (ACS) issued a
consensus report in December 2009 [15] regarding

i) reviewing of scientific knowledge on the association between diabetes and cancer
ii) exploring the common risk factors for both the diseases

iii) examining the possible biological link

iv) determination of the influence of diabetic treatment on cancer risk or its prognosis

Hence, nowadays, a section of researchers are focused on finding out the common thread of both
diseases so that both the diseases could be managed and contained for maximum clinical benefits
[16].
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It is well established that diabetic patients because of malfunctioning or dysfunction of pancreatic
beta-cells have an abundance of glucose in the cells while cancer cells survive and thrive on glucose
as the main nutrient besides glutamine. The thread of pathogenesis and progression of both the
diseases lies in an alteration in glucose metabolizing pathways. On one hand, T2D patients have
elevated the level of blood glucose because of defects in insulin secretion, action as well as a response
in the target tissues. Besides, many patients develop insulin resistance (IR). It is considered as an
early pathogenic sign of T2D in which efficacy of the hormone declines significantly leading to failure
of pancreatic beta-cell accompanied by hyperglycemia as the major consequence [17]. Obesity-
driven T2D patients, accumulation of excess lipid/fats in visceral organs like liver, kidney and
muscles leads to IR accompanied by disturbed glucose and fatty acid homeostasis. Moreover, the T2D
individuals have chronic low-grade inflammation sustained by local and systemic oxidative stress in
target organs including white adipose tissues where an alteration in metabolic energetics give rise
to numerous reactive oxygen species (ROS). These changes ultimately impair insulin sensitivity
exacerbating the disease further [18].

On the other hand, cancer arises from genetic mutations that enable cancer cells to proliferate
uncontrollably evading cell death. It has been reported earlier that cancer cells adapt and thrive on
aerobic glycolysis concomitant with restricted mitochondrial oxidative phosphorylation. Further
studies reveal that cancer cells adopt a marked metabolic alteration that facilitate tumor cells to use
all nutrients in fulfilling excessive cell division and biosynthesis of macromolecules [19]. It is also
well established that glucose and glutamine are the two most important fuel molecules for cancer
cells that provide all the favorable energetics as well as their metabolic intermediates acting for
maintenance and sustenance of tumorigenesis. Moreover, glutamine in tumor cells is used as the
alternate feeder molecule to compensate TCA cycle intermediates for oxidative phosphorylation in
mitochondria [20]. Hence, cancer cells are genetically redesigned (after mutations at the target genes
including proto-oncogenes and tumor suppressor genes) to force a metabolic shift that enable them
to coordinate aerobic glycolysis, glutamine uptake, and cellular biosynthesis. These facilitate
continuous tumor growth and their metastasis evading from normal cell cycle signaling molecules).
Also, tumor hypoxia is a contributing metabolic alteration in tumor cells that stabilize hypoxia-
inducible factors 1 and 2 [21,22]. After induction, HIF-1, one hand upregulates rate of glycolysis and
blocks entry of pyruvate into TCA cycle; whereas HIF-2 enhances Myc function that accelerate tumor
growth in hypoxic condition [23]. A great deal of literature suggests oncogenes and tumor suppressor
genes exert an impact on major metabolic pathways and also dictate their alteration in tumor cells
that contribute in cellular transformation and tumorigenesis. For example, Myc is an oncogene that
have been found mutated in many forms of cancer that activates the expression of LDH [24].

THE COMMON GROUND: DIABETIC PHYSIOLOGICAL CONDITIONS FACILITATE
CELLULAR TRANSFORMATION AND TUMORIGENESIS

A lot of the epidemiological reports vividly indicate that many chronic diabetic patients are
susceptible to certain types of cancer [25]. The target organs involved in diabetes that are centrally
active metabolic organs like the pancreas, liver and kidney further show the greater association in
between the diseases although it is yet to be elucidated. Tumor cells have three essential
requirements for their proliferation and sustenance: Rapid generation of energy, Enhanced
biosynthesis, Suitable redox status. All these conditions are facilitated in a chronic diabetic condition
involving intricate metabolic, hormonal and genetic alteration [26].

Role of hyperinsulinemia

The physiological and metabolic changes brought up by diabetes during its pathogenesis and
progression facilitate tumorigenesis [27]. With the beginning of the T2D, beta cells of pancreas
secrete excessive of insulin leading to the physiological condition as hyperinsulinemia. The target
cells respond either scantily or null to the surplus amount of insulin in the diseased condition. Under
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such situation, the hormone might exert its effect as a conditional growth factor for the nascent
tumors triggering their abrupt growth as tumorigenesis. It is noteworthy to mention that both insulin
and IGF-1 have potential mitogenic and anti-apoptotic activities [28]. It has been observed that
cancer cells respond positively in the presence of high level of insulin and insulin-like growth factor
1 (IGF-1) by stimulating their proliferation [Fig 1] and promoting glucose consumption in an insulin-
dependent subset of tumors [29,30]. Hence, it is highly speculative that high level of insulin if
sustained for a longer time can trigger tumorigenesis in the vulnerable nascent tumor cells in vivo.
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Fig 1: Various physiological and metabolic changes in diabetes facilitating tumorigenesis
Role of hyperglycemia

Glucose being the central fuel molecule for cancer cells, diabetes-induced hyperglycemia also
contributes in tumorigenesis in direct and indirect ways. High level of glucose boosts the energy
generation machinery inside the target cells like glycolysis and mitochondrial ATP generation
concomitant with the surplus generation of reactive oxygen species (ROS). These can force the target
cells either to undergo apoptosis/necrosis or might induce mutation in proto-oncogenes and tumor
suppressor genes [31,32]. Such observations have been reported in many cell line-based studies
including Panc-1 and BxPC-3 in which hyperglycemia-mediated ROS increased cellular motility and
invasiveness quite similar to metastatic features [33]. Furthermore, enhanced glucose level enables
cancer cells to avoid cytochrome C-mediated programmed cell death and also generates resistance
towards antineoplastic agents consequently resulting in the form of continued cell proliferation and
metastasis [34,35].

Role of chronic low-grade inflammation

Apart from these, excessive availability of nutrients like glucose, glutamine, and fatty acids enhance
the frequency of mitochondrial oxidative phosphorylation and beta-oxidation in an abnormal way in
chronic diabetic condition. These metabolic activities beyond certain limit give rise to ROS in excess
that leads to chronic low-grade inflammation in the target tissues. Besides, excessive ROS and
stimulation of concerned cytokines (TNF-alpha, IL-6) contribute to cellular transformation by the
introduction of mutations in tumor suppressor genes and proto-oncogenes in vulnerable and nascent
tumorous cells [36-38]. The same set of immunological and related alteration in microenvironment
as well as in macroenvironment facilitates angiogenesis and metastasis for the cells. Moreover, ROS
and reactive nitrogen species (RNS) after a certain threshold period of inflammation can perturb
cellular components, constituent biomolecules and structural integrity that consequently can
exacerbate overall immune and metabolic system in the affected individual severing the diseased
condition to further [39,40].

Role of obesity

Obese people have high lipid/fat content stored in adipose tissues and visceral portions. It is one of
most common features of diabetic people also as their waistline exceeds the ideal limits. In such
obese people, adipose tissues can act as an active endocrine organ that can produce free fatty acids
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with many of the immunologically active molecules and cytokines including IL-6, monocyte
chemoattractant proteins, Plasminogen activator inhibitor (PAI-1), adiponectin, leptin, and TNF-
alpha. All of these molecules directly or indirectly orchestrate the macroenvironment for cellular
transformation, cancer progression and metastasis [41,42].

Role of hormones

[tis established that the main reason of T2D is disturbed insulin homeostasis in the diabetic patients.
To compensate this deficit in the patients, the rest of the glands reorganize their activity leading to a
hormone-driven metabolic shift in many ways. The T2D conditions accompanied by
hyperinsulinemia and hyperglycemia, adipocytes express aromatase enzyme that can synthesize
lipid-based hormones- androgen and estrogen [43]. It has been documented that the obese men and
postmenopausal women have a higher level of estrogen as compared to the slim individuals [44].
Excessive availability of these hormones might trigger hormone responsive cancers including breast
cancer, prostate cancer, and cervical cancer, etc. [45,46].

AVAILABLE TREATMENT STRATEGIES AND MANAGEMENT

The distinguished features of cancer metabolism have been extensively exploited for initial
diagnosis, staging disease, monitoring tumor responses to therapies, and detecting cancer
recurrence [47]. Therefore, nowadays, metabolic molecular imaging plays an indispensable role in
clinical oncology. These diagnostic methods are non-invasive and can accurately detect the changes
in selective biologic processes of tumors compared to normal surrounding tissues both at the initial
tumor sites and metastatic locations over an extended period. The information provided by advanced
imaging modalities such as Positron emission tomography, magnetic resonance spectroscopy
imaging, magnetic resonance imaging, is very valuable for cancer detection, prevention, and
treatment [48]. The underlying premise of disease management involves the right guidance and
proper equipment utilization to the diseased population in a cost-effective manner. Improved
glucose control remains one of the central goals of effective diabetes management, which strives to
minimize morbidity and mortality by reducing the risk of diabetes-associated complications. Several
factors which are considered by clinicians and patients when selecting pharmacologic diabetes
therapies includes the glucose-lowering potential of a given agent, known acute and chronic adverse
effects of treatment (such as weight gain, hypoglycemia, fluid retention, gastrointestinal intolerance),
treatment costs and patient comorbidities and characteristics. Hormone therapy may prove a good
strategy for curing these diseases. However, adherence to a diabetic diet is a critical aspect of
controlling blood sugar in people with diabetes. It is important to properly manage diabetes during
cancer treatment. Cancer and cancer treatment can bring about metabolic changes that cause or
aggravate symptoms of diabetes. Also, high blood sugar levels brought on by diabetes can weaken
the immune system, which needs to be strong to fight cancer. Likewise, diabetes could potentially
delay cancer treatment or increase the risk of infection during treatment [49,50].

CONCLUSIONS AND FUTURE DIRECTIONS

Although the precise mechanisms and pathways are uncertain, it is becoming clear that
hyperinsulinemia and possibly sustained hyperglycemia are important regulators of not only the
development of cancer but also of treatment outcome. Further, clinical decision-making regarding
the treatment of choice for diabetes mellitus will likely be impacted as we learn more about the non-
metabolic effects of the available hyperglycemic agents. More concerning is the fact that youth are
becoming more and more obese, which in time will yield an adult population with a high prevalence
of lifelong obesity and insulin resistance people who are likely to be at the highest risk of obesity-
related cancer. It is imperative that we continue to clarify the effects of the metabolic syndrome on
cancer, while at the same time striving to reverse the obesity epidemic to help our and future
generations.
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