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Abstract: Pancreatic cancer (PC) is a devastating and lethal malignant disease and it is well
known that there is a complex bidirectional relationship between PC and type 2 diabetes mellitus
(T2DM). In order to more deeply summarize the relationship between them, this article sum-
marizes the epidemiological data on the relationship between PC and T2DM in the past 5 years,
and further explains the mechanism of interaction between them. Meanwhile, it also summed up
the effects of drug therapy for T2DM on PC and the impact of T2DM on surgical resection of PC.
Epidemiological studies clearly indicate that the risk of PC is increased in patients with T2DM.
But increasing epidemiological data points out that PC also acts as a cause of T2DM and new-
onset T2DM is sign and consequence of PC. Insulin resistance, hyperinsulinemia, hyperglyce-
mia, and chronic inflammation are the mechanisms of T2DM-Associated PC. Metformin
decreases the risk of PC, while insulin therapy increases the risk of PC. Besides, studies have
shown that T2DM decreases the survival in patients with PC resection.
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Introduction

Pancreatic cancer (PC) is one of the most devastating and lethal malignant diseases
because of its high rate of advanced-stage disease at diagnosis and its resistance to
therapy." Worldwide, the estimated incidence and mortality of PC in the general
population are nearly 8/100,000 person-years and 7/100,000 person-years, which
are significantly higher in the United States than in the rest of the world.? In the
United States, PC is the fourth most common cause of death in both men and
women.” The American Cancer Society estimates that in 2018, about 55,440 people
consisting of 29,200 males and 26,240 females will be diagnosed with PC, and
about 44,330 people will die from it in the United States this year.’

PC was associated with a very poor prognosis with a 5-year survival rate of less
than 10%,* meanwhile, it was 3% in the United States.> Due to the high recurrence
rate even after potential curative resection, the 5-year survival of completely
resected patients was only up to 25%.’

Current treatment modalities were surgical resection, adjuvant therapy, neoad-
juvant therapy, palliative therapy, targeted therapy, and novel therapies.®’ Among
them, surgery resection was the mainstay of treatment and the only potentially
curative therapy for PC,' however, merely 15-20% of the patients were considered
as appropriate for surgical resection.® Adjuvant therapy included chemotherapy and
radiation therapy was able to reduce the risk of distant metastases and locoregional
failure, but the role of radiation therapy was still controversial."*'°
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Diabetes mellitus (DM) is a group of metabolic dis-
orders of multiple etiologies characterized by chronic
hyperglycemia with disturbances of carbohydrate, fat,
and protein metabolism. DM occurs when the body cannot
produce any or enough of the hormone insulin or use
insulin effectively.'!' DM is reaching an epidemic stage
in the world with International Diabetes Federation esti-
mating that 1 in 11 adults aged 20—79 years (425 million
adults) had DMglobally in 2017 and more than 90% of
whom had T2DM, with a projected increase to 629 million
by 2045.'" The characteristics of T2DM were increased
hyperinsulinemia, insulin resistance (IR) in target organs,
and pancreatic B-cell dysfunction.'?

The relationships between PC and
T2DM

Many recent studies have proved that the relationship
between PC and T2DM is complex and bidirectional."
Pancreatic ductal adenocarcinoma (PDAC), the most com-
mon form of PC, has been thought to be more related to
T2DM.'"* As American Cancer Society’s Cancer Facts &
Figures 2013 stated, about 25% of the patients had T2DM
at the time of diagnosis of PC, and roughly another 40%
had pre-diabetes.'® Besides, a total of 50% increased risk
was observed in PC patients with long-term (=5 years)
T2DM, consequently, PC can result in T2DM. Moreover,
it also stated that T2DM was an early sign of the tumor.
Therefore, the relationships between PC and T2DM are

both cause and consequence.'®!’

T2DM as a risk factor of PC

Epidemiological studies have demonstrated that T2DM is
a risk factor of PC."®?* And many studies in the past
5 years have also proved that T2DM is the cause of PC.
Risk associations between temporal pattern of risk and
duration of T2DM given in five reports (25, 26, 28, 29,
30, 42, 44, 45) are plotted in Figure 1. It clearly shows that
the shorter the duration of T2DM is, the higher the average
risk associations between PC and T2DM are. Even if
T2DM has lasted for 20 years, the hazard ratios (HR) or
odds ratios (OR) between them are still greater than 1, thus
proving that T2DM is a risk factor of PC.

Bosetti C et al, analyzed individual-level data from 15
within the
Case-Control Consortium, including 1155 cases and 1087

case—control studies Pancreatic Cancer

controls that were diagnosed of T2DM 2 or more years
before PC diagnosis, corresponding to an OR of 1.90 (95%

12 — Bosetti C etal, 2014 (25)

— PangYetal, 2017 (29)

Munigala S et al, 2014 (42)
— Munigala S et al, 2015 (44)
— MaoYetal, 2015 (45)

HR, OR or RR

I R T N I R S N B
2 4 6 8 10 12 14 16 18 20

Duration of Type 2 Diabetes (years)

Figure | Hazard ratio, odds ratio, or relative risk of pancreatic cancer by the
duration of type 2 diabetes.
Abbreviations: HR, hazard ratio; OR, odds ratio; RR, relative risk.

CI=1.72-2.09).> And the study also demonstrated that the
duration of T2DM was associated with decreased risk of
PC, but there was still a significant excess risk between
them 20 or more years after diabetes diagnosis (OR=1.30,
95% CI=1.03-1.63), therefore supporting that T2DM
could be a risk factor of PC.

A nested case—control study concerning the association
between PC and T2DM was performed by Lu Y et al, in
2015.%° It was initiated from the Health Improvement
Network in the UK from 1996 to 2010, including 529
PC cases and 5000 controls. Increased OR of PC
(OR=2.16, 95% CI=1.72-2.72) was found in T2DM
patients and changed HbAlc levels in T2DM patients
(OR=5.06, 95% CI=1.52-16.87). Consequently, it was
suggested that T2DM and T2DM with rising HbAlc
were likely to be independent risk factors for PC.
Similarly, Haugvik S P et al, made a meta-analysis includ-
ing five studies evaluating four individual populations and
involving 827 cases and 2407 controls.?” It concluded that
a pooled adjusted OR was 2.74 (95% CI=1.63-4.62;
P<0.01) in T2DM patients with pancreatic neuroendocrine
tumors, proving T2DM to be a risk factor of pancreatic
neuroendocrine tumors once again.

In 2016, Antwi S O et al, investigated independent asso-
ciation between inflammatory potential of diet, cigarette
smoking, and long-standing T2DM (=5 years) in relation to
risk of PC.?® The study was composed of 817 cases and 1756
controls. It revealed a 3.09-fold increase (OR=3.09, 95%
CI=2.02-4.72) in risk of PC associated with long-standing
T2DM compared to non-diabetics, and a 2.54-fold
increase (OR=2.54, 95% CI=1.87-3.46) with a more
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pro-inflammatory diet and a 3.40- fold increase (OR=3.40,
95% CI=2.28-5.07) with current smokers. Besides, joint
associations were observed for the combined effects of
being a current smoker (OR=4.79, 95% CI=3.00-7.65) or
having long-standing diabetes (OR=6.03, 95% CI=3.41-
10.85), concluding that long-standing T2DM and cigarette
smoking were risk factors of PC, whereas a pro-inflamma-
tory diet might act as cofactor with cigarette smoking and
diabetes.

In 2017, Pang Y and his colleagues undertook a study
to find out the association between T2DM and PC in
China.?® The prospective study recruited 512,000 adults
aged 30-79 years from 10 diverse areas of China from
2004 to 2008, which was further meta-analyzed with 22
published prospective studies. It revealed a 1.87-fold
increase in the risk of PC associated with T2DM (adjusted
HR=1.87, 95% CI=1.48-2.37), and it was with excess
higher risk in those with longer duration since diagnosis
(P=0.01). Moreover, previously diagnosed T2DM was
found with a 52% excess risk and with 1.52 increased
risk of PC (adjusted HR=1.52, 95% CI=1.43-1.63) in
meta-analysis of China Kadoorie Biobank and 22 other
studies, consequently, T2DM was associated with a higher
risk of PC in Chinese populations.

In 2018, Setiawan VW et al, examined a study con-
cerning the relationships between recent-onset diabetes
and PC incidence in African Americans and Latinos in
the Multiethnic Cohort, which included 48,995 African
Americans and Latinos without prior T2DM and PC.*°
2.39-fold increase was revealed in the risk of PC asso-
ciated with T2DM (HR,575=2.39, 95% CI=1.91-2.98) in
African Americans and Latinos, suggesting that T2DM
was a risk factor for PC.

Therefore, the evidence clearly shows that T2DM is a
risk factor for PC, so T2DM can be translated to improved
morbidity and mortality for patients accursed with PC,
which may lead to improvement of PC associated survival
by preventing and treating T2DM.

T2DM as sign and consequence of PC,
and PC as a cause of T2DM

Clinicians realize that new-onset T2DM can be a sign of
PC from their clinical experience.’’ Patients with new-
onset T2DM have more possibilities to be diagnosed
with PC within 3 years, suggesting that new-onset T2DM
is as an early sign of PC.?> There were many epidemiolo-
gical studies that can support that point.>*° What is more,

lots of cohort and case—control studies of patients diag-
nosed with PC show that 25-50% of the patients will have
developed T2DM within 1-3 years before their diagnosis
of PC and it is indicated that 85% of the patients diag-
nosed with PC have impaired glucose tolerance or frank
T2DM.>*32393640 Also, it was clearly demonstrated that
loss of glycemic control and T2DM could result from PC
and could precede the diagnosis of PC by a few weeks, to
a few months, to 2-3 years.*! These findings implied that
recent-onset T2DM was caused by PC. That was to say,
recent-onset T2DM was an early sign of PC.

In the past 5 years, there have been multitudinous
studies that proved T2DM to be sign and consequence of
PC. In 2014, Munigala S et al, made a retrospective
analysis of VA database including 452,804 patients from
1998 to 2007.** They observed that 73,811 (16.3%) of
subjects developed T2DM from 2000 to 2007. Among
that, 147 (0.2%) patients with new-onset T2DM were
diagnosed with PC within 2 years of diagnosis. While
the annual incidence of PC in the controls was 0.04%
(realtive risk (RR)=2.58, 95% CI=2.12-3.15, P<0.0001),
which was much lower than 0.2%. Hence, new-onset
T2DM was considered as an early manifestation of PC.
In another study of 2014, Singh J et al, intended to figure
out the association between new-onset T2DM and the
stage of resectable PC from 181 patients.*’ They found
56.9% (n=82) of resectable cancer stage had new-onset
T2DM (within 3 years) and 65 of 82 had new-onset T2DM
within 1 year of the PC diagnosis. These findings sug-
gested that the new-onset T2DM could be regarded as an
initial surrogate marker of resectable PC stage, and be able
to capture a significant number of PC patients still at the
resectable stage.

In 2015, there was a study in which 183 of 73,811 new-
onset T2DM patients (0.25%) were diagnosed with PC
within 3 years.** While 434 of 378,993 remaining patients
(0.11%) developed PC in 3 years (RR=2.27, 95%
CI=1.96-2.63, P<0.0001), which provided strong support
for new-onset T2DM as an early sign of PC. A meta-
analysis including 29 studies to evaluate the effect of
T2DM on survival in patients with PC was performed by
Mao Y et al*. They concluded that patients with new-
onset T2DM (<2 years of diabetes duration) were with an
increased HR (HR=1.52, 95% CI=1.20-1.93, while HR
was 1.22 (0.83-1.80) for those with long-standing T2DM
(>2 years). Therefore, they believed that new-onset T2DM

was a significantly independent association with higher
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mortality overall in patients with PC and the overall sur-
vival (OS) was associated with the duration of T2DM.

In 2016, Boursi B et al, screened individuals with new-
onset T2DM to allow earlier diagnosis of PC.*® They
analyzed data from 109,385 patients with new-onset
T2DM of which 390 (0.4%) were diagnosed with PC
within 3 years. And they developed a risk model which
had 44.7% sensitivity, 94.0% specificity, and a positive
predictive value of 2.6% based on widely available clinical
parameters including age, body mass index, change in
body mass index, smoking, use of proton pump inhibitors
and antidiabetic medications, as well as levels of HbA1C,
cholesterol, hemoglobin, creatinine, and alkaline phospha-
tase. Therefore, it was helpful to identify patients with
new-onset T2DM who might benefit from PC screening.

A new recent study was made by Setiawan V W et al,
in 2018 to illuminate the relationship between recent-onset
T2DM and PC in African Americans and Latinos.*° It
demonstrated that the HR,,.;s for recent-onset T2DM
was 4.08 (95% CI=2.76-6.03) in Latinos and 3.38 (95%
CI=2.30-4.98) in African Americans. Additionally, the
authors found that recent-onset T2DM was associated
with a nearly 2.3-fold greater increase in the risk of PC
than long-standing T2DM in all groups, which signifi-
cantly supported the hypothesis that long-standing T2DM
was a risk factor for PC, while recent-onset T2DM was a
manifestation of PC in African Americans and Latinos.

Hence, there is clear evidence to demonstrate that new-
onset T2DM is an early sign of PC, and T2DM can be a
screening tool to identify and surveillance patients at high-
risk for PC to determine the treatment modality and
prognosis.

Mechanisms of T2DM-associated PC

The mechanisms of the association between DM and PC
were complex, which included IR, hyperinsulinemia,
hyperglycemia, and chronic inflammation.***’>! In a
study made by Stolzenberg-Solomon R Z et al, of 29,133
male Finnish smokers followed for over 10 years, the
authors found that hyperglycemia (HR=2.16, 95%
CI=1.054.42, P=0.02), hyperinsulinemia (HR=2.90,
95% CI=1.22-6.92, P=0.005), and IR (HR=2.71, 95%
CI=1.19-6.18, P=0.006) were each significantly associated
with increased risk of PC.*?

IR and hyperinsulinemia
The characteristics in patients with T2DM are IR with
ensuing hyperinsulinemia and high levels of insulin-like

growth factor-1 (IGF-1).'*°**3 In T2DM, IR can result in
hyperinsulinemia by means of serine phosphorylation of
insulin receptor substrate proteins, which can activate
some kinases such as PKC{and mammalian target of rapa-
mycin (mToR) complex/S6K, thus involved in the down-
regulation of insulin signaling.* And insulin reduces the
hepatic production of IGFBP-1 and —2 (IGF binding pro-
tein), whose affinity was high for both IGF-1 and IGF-2,
thus increasing levels of free circulating physiologically
active IGF-1.7°-°

The majority of cancer cells express insulin and insu-
lin-like growth factor-1 receptors (IGF-1R), which are
members of the tyrosine kinase class of membrane recep-
tors, and are homologous to oncogenes of the tyrosine
kinase class.”” Both the IGF-1R and the insulin receptor
are complex molecules. Each gene product is processed
extensively and finally forms glycosylated a-chains and f-
chains that associates to form a “half” receptor, then two
half receptors associate to form a holoreceptor. And het-
erodimer hybrid receptors are composed of a half insulin
receptor and a half IGF-1R.%**° Besides, the insulin recep-
tor exists in two splice variant isoforms, the “B” isoform
recognizes only insulin, while the “A” isoform recognizes
both insulin and IGFII, and it is the isoform most com-
monly expressed by tumors.”® When insulin and IGF-1 are
combined with their receptors, they can mediate the initia-
tion of signal transduction that activates important intra-
cellular signal pathways, including the Ras/Raf/mitogen-
activated protein kinase (MAPK) and phosphoinositide-3
kinase (PI3K)/Akt/mTOR pathways, which contribute to
the development of PC.>

In addition, insulin itself is a growth-promoting hor-
mone that augments cell proliferation and glucose use.**¢!
Insulin may promote specific IGF-1R signaling pathways
to mediate cell proliferation, inhibition of apoptosis, and
growth by binding to hybrid receptors.*® Chronic hyper-
insulinemia effects can result in a chain of metabolic
responses, including changes in IGFBP that make tissue
availability of both IGF-1 and -2 increase.®® And it is
interesting that IR does not inhibit activation of the mito-
genic pathway.®>

The mitogenic and anti-apoptotic activities of IGF-1
have a more potent effect than those of insulin and may be
considered as growth stimuli in cells expressing insulin
and the IGF-1R.>® In addition, it was demonstrated that
dose-dependent increases in neoplastic cell proliferation
concentration in vitro

were with increasing IGF-1

63

experiments.”” IGF-1-mediated signaling transduction
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results in the increasement of proliferation, invasion, and
expression of angiogenesis mediators and the decrease-
ment of apoptosis in PC cells.**

Overall, patients with T2DM are with hyperinsuline-
mia and high levels of IGF-1. As shown in Figure 2,
insulin and IGF-1 binding to their receptors activate the
MAPK and PI3K/Akt/mTOR pathways, thus promoting
cell proliferation and decreasing of apoptosis.

Hyperglycemia

In patients with T2DM, the occurrence of hyperglycemia
is not only as a result of promoting IR but also because of
decreasing insulin output via pancreatic p-cells.’®
Prospective cohort and case—control studies showed that
hyperglycemia was associated with increased free radical
formation and might result in the development of
advanced glycation end products (AGEs) that could
increase inflammation.®> AGEs are composed of a hetero-
geneous group of compounds that accumulate in tissues of
aging individuals and, at an accelerated rate, in diabetic
subjects,”® which is due to the mechanisms including
increased carbohydrate and lipid substrate availability,
oxidative, and non-oxidative conditions favoring the

66,67

glycation process, and impaired detoxification.

Exogenous AGE administration to PC-prone mice led to

the up-regulation of AGEs receptor (RAGE) in pancreatic
intraepithelial neoplasias and markedly stimulated pro-
gression to invasive PC.%®

In a cohort study to find out the tumor-promoting role
of the AGE Ne-carboxymethyllysine (CML) which was a
major AGE found in vivo and a known RAGE ligand in
human PDAC cell lines in 2018, the authors discovered
that PC was observed in 8 of 11 (72.7%) CML-treated vs 1
of 11 (9.1%) vehicle-treated mice.®® Meanwhile, CML
promoted PDA cell growth and led to the up-regulation
of RAGE expression, by a concentration- and time-depen-
dent manner, and activated downstream tumorigenic sig-
naling pathways, thus markedly stimulating progression to
invasive PC. It was interesting that RAGE antagonist
peptidedelayed pancreatic intraepithelial neoplasias devel-
opment in vehicle-treated mice but failed to prevent PC
development in CML-treated mice. This because of com-
petition with soluble RAGE for binding to AGEs and/or
compensatory up-regulation of the RAGE homolog
CD166/activated leukocyte cell adhesion molecule, which
also was propitious to tumor spread. These findings
implied that AGEs modulated the development and pro-
gression of PC through receptor-mediated mechanisms.
Consequently, it could be a good way to prevent PC by
reducing AGEs.

i T2DM |
) | |
[_insulin,IGF-1 | [ hyperglycemia | [ IR, hyperinsulinemia |
combine
v v v
finsulin/IGF-1receptors| [TGF-B1] [ AGEs |——»[chronicinflammation]
v v v v
[ras-MAPK]| [ PIBK | [ E-cadherin | kytokinesle{ TME |
v v v
Akt ] 1 EMT | [ STATSNFxB |
! |
,—‘ mTOR | [ apoptosis |
AMPK
LKB
7y
v
etformin — PC }4

Figure 2 The network of the mechanisms between type 2 diabetes and pancreatic cancer.

Abbreviations: AGEs, advanced glycation end products; AMPK, adenosine monophosphate protein-activated kinase; EMT, epithelial-mesenchymal transition; IGF-1, insulin-
like growth factor-1; IR, insulin resistance; LKB, liver kinase B; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; NF-«B, nuclear factor kappa
B; PC, pancreatic cancer; PI3K, phosphatidyl inositol-3 kinase; STAT3, signal transducer and activator of transcription 3; T2DM, type 2 diabetes mellitus; TGF-fI,

transforming growth factor-p1; TME, tumor microenvironment.
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What is more, hyperglycemia can overproduction of
reactive oxygen species (ROS), which is mitogenic and
capable of stimulating cell proliferation.®® Besides, hyper-
glycemia can attenuate antioxidant enzyme activity.’®

Study of Rahn S et al, in 2018 investigated whether
hyperglycemia promotes malignant pancreatic ductal
epithelial cells (PDEC) and cancer stem cells (CSC) that
are essential for initiation and maintenance of tumors and
epithelial-mesenchymal-transition (EMT) linked to the
acquisition of CSC-features in premalignant.”' They
demonstrated that hyperglycemia (25 mm D-glucose) did
not influence the mesenchymal phenotype of Pancl cells,
but CSC-properties were aggravatedly exemplified by
increased Nanog expression and Nanog-dependent forma-
tion of holo- and meroclones. In addition, in H6c7-kras
cells, high glucose stimulates transforming growth factor-
Bl (TGF-B1) signaling and TGF-B1, which is mostly
secreted by lymphoid cells and also largely exists in plate-
lets and bones, as well as circulates in the plasma.”"’*
Besides, it decreased E-cadherin expression, while
increased Nestin expression and the number of meroclones
in TGF-Bl-dependent manner. They also found that
reduced E-cadherin was detected in pancreatic ducts of
hyperglycemic but not normoglycemic mice. These find-
ings indicated that hyperglycemia advanced the acquisition
of mesenchymal and CSC-properties in PDEC by activat-
ing TGF-p signaling and might explain how T2DM facili-
tated PC, which is concluded in Figure 2.

Chronic inflammation
Inflammatory responses may be a way to increase the risk
of PC in T2DM patients.** In T2DM patients, common
with hyperinsulinemia and IR, it is prone to many adipose
tissue and abundant inflammatory cells, thus promoting
systemic inflammation and resulting in a tumorigenic
environment.”* Inflammatory states also promote a cellular
environment, which can support the development of geno-
mic aberrations and the initiation of carcinogenesis.’*”?
Moreover, glucose and fat intake may lead to inflamma-
tion by increasing oxidative stress and the activating tran-
scriptional factors such as nuclear factor kappa B (NF-xB),
activating protein-1, early growth response-1 and so on.”*”’®
In addition, adipose tissue is an active endocrine organ
recognized as a low-grade inflammatory state to regulate
the release of fatty acids, hormones, and pro-inflammatory
cytokines like leptin, adiponectin, tumor necrosis factor
alpha, and interleukin-6, which are not only key molecules
involved in innate immunity, inflammation, apoptosis,

metabolism, and development, but also can increase IR
and subclinical inflammation.”*~* Besides, pro-inflamma-
tory cytokines, known as adipocytokines, may play an
etiologic role in regulating malignant transformation or
cancer progression and can promote angiogenesis, tumor
80_82

ROS,
inflammatory pathways, such as cyclooxygenase-2 and

progression, and metastasis.

Inflammatory cytokines, and mediators of
NF-«B are strongly linked with the signal transduction of
signal transducer and activator of transcription 3 (STAT3)
pathway.®> The STAT3 and NF-«kB signaling suppress
apoptosis and the promote cell cycle progression.®®*
And they also induce EMT by downregulating the expres-
sion of E-cadherin.®* In addition, Inflammation exerts
great effects on the composition of the tumor microenvir-
onment, where the immune cells release cytokines and
growth factors, thus directly promoting tumor growth and
progression.®> All of these plotted in Figure 2 may facil-
itate PC.7%-8¢

Furthermore, altered levels or functions of several
molecules previously associated with diabetes, such as
leptin,®” IGF-1,*® and peroxisome proliferator-activated
receptor-g,gg may promote PC development by impairing

. . 80,86-89
immune function.”

Relationship between drug therapy
for T2DM and PC

Current medical treatments for T2DM include insulin or
insulin analogs, insulin secretagogues, glucagon-like pep-
tide-1 agonists, and dipeptidyl peptidase IV inhibitors,
drugs that reverse IR such as biguanides, and other drugs

such as a-glucosidase inhibitors.”

Metformin therapy

Metformin is a cornerstone in the treatment of T2DM.
Retrospective studies have concluded a survival benefit
in diabetic patients with PC treated with metformin.”’
And lots of studies and researches have been made to
illuminate the magnitude of metformin risk reduction of
PC in the past 5 years.

In 2014, Bosetti C et al, analyzed 15 case—control
studies, including 8305 cases and 13,987 controls to illus-
trate the risk relationship between antidiabetic medications
and PC.* It was shown that long duration of oral antidia-
betic use was an independent association with a reduced
PC risk (OR=0.31, 95% CI=0.14-0.69, for >15 years)
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among T2DM patients, thus supporting that oral antidia-
betics might decrease the risk of PC.

In 2015, a study was made to investigate the effect of
metformin use on survival in PC patients with curative
resection and T2DM, including 764 subjects with T2DM
and PC with curative resection, 530 of which were
exposed to metformin.’’> The authors found that the
adjusted risk for PC specific mortality of metformin user
was lower than that of metformin non-user (HR=0.73,
95% CI=0.61-0.87, P<0.001) and also significantly lower
in medication possession ratio (MPR) of more than 80%
compared with that of MPR of less than 80% (HR=0.60,
95% CI=0.47-0.76, P<0.001) in multivariable analysis.
These findings concluded that metformin use was signifi-
cantly associated with increased survival in T2DM
patients with PC, which might provide a theory for further
prospective study that the use of metformin was as an
adjunct to the standard of care in the treatment of PC.
However, there was not a significantly reduced risk in PC
patients treated with metformin (OR 1.46, 95% CI=0.85—
2.52) in another study in 2015.%

In 2018, a population-based study was performed to
evaluate the effects of T2DM and antidiabetic medications
on the risk of PC by Lee D Y et al.”® It was shown that
among antidiabetic medications, metformin was an inde-
pendent association with a reduced risk for future PC
(HR=0.86, 95% CI=0.77-0.96) and subjects with dual
exposure history to metformin plus thiazolidinedione or
metformin plus dipeptidyl peptidase-4 inhibitor had a
lower risk of PC compared to metformin-only treated
subjects, which implicated that metformin could decrease
the risk of PC. Pusceddu S et al, made a study in 2018 to
figure out the association between metformin use and
PC.** They found that progression-free survival (PFS) of
patients treated with metformin was significantly longer
than for patients without T2DM (HR=0.45, 95% CI=0.32—
0.62, P<0.00001) and was longer than for patients with
T2DM receiving other treatments (HR=0.49, 95%
CI=0.34-0.69, P<0.0001). In multivariable analysis, met-
formin was also significantly associated with longer PFS
after adjusting for other factors (P=0.004). Metformin was
also associated with higher PFS of patients receiving
somatostatin analogs and in those receiving everolimus.
Therefore, metformin use was significantly associated with
longer PFS, implying that Metformin could decrease the
risk of PC.

Although there is definitely contradictory evidence in
the literature but it seems clear that, in some patients,

metformin can decrease the risk of PC. Consequently,
metformin may prevent the development of malignant
lesions and holds promise to be an anticancer agent.

The current consensus of the mechanism that metfor-
min can decrease the risk of PC as metformin activates the
liver kinase B1 (LKB1)-adenosine monophosphate pro-
tein-activated kinase (AMPK) pathway, which can not
only facilitate cellular energy production and restrain
hepatic glucose production but also inhibit the signaling
mechanisms regulating cellular proliferation.”””® As a
known tumor suppressor, LKB1 can activate AMPK that
is a potent inhibitor of mTOR complex 1 and disrupt
cross-talk between insulin/IGF-1 receptors and G protein-
coupled receptors, which regulate protein synthesis and
replication.””® What is more, metformin may play a
role in PC stem cells through the mTOR pathway, which
is evidenced by decreasing cancer stem cell markers such
as CD44, CD133, aldehyde dehydrogenase type 1, epithe-
lial adhesion molecule and so on.'° In one study to
evaluate the effect of metformin on PC, the authors
found that cancer stem cell (Alk4, Nodal, Activin, and
Smad2) and pluripotency-associated (Nanog, Oct4, and
Sox2) messenger RNA (mRNA) and protein expression
were significantly altered after treatment with metformin
through a mTOR/AMPK-independent pathway, and it
might possibly through reduced form of nicotinamide-ade-
nine dinucleotide dehydrogenase inhibition, free ROS pro-
duction, thus causing direct cancer stem cell damage.'®'

These studies indicated that metformin can decrease
the risk of PC, activating the LKB1/AMPK pathway,
thus inhibiting mTOR to regulate cellular proliferation,
which is showed in Figure 2. Therefore, metformin is
promising to become an anticancer agent for PC.

Insulin therapy

Insulin therapy is often necessary for long-standing
T2DM. And there were abundant studies and research
showing that insulin therapy was associated with higher
risk of PC because insulin itself may directly increase PC
risk 90:91.102,103
In 2014, Bosetti C et al, analyzed 15 case—control
studies including 8305 cases and 13,987 controls to illus-
trate the risk relationship between antidiabetic medications
and PC.?* The authors found that insulin use was indepen-
dently associated with a higher PC risk in the short term
(OR=5.60, 95% CI=3.75-8.35, for <5 years), but not for
longer duration of use (OR=0.95, 95% CI=0.53-1.70, for
>15 years), whereas long duration of oral antidiabetic use
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was an independent association with a reduced PC risk
(OR=0.31, 95% CI=0.14-0.69, for >15 years) among
T2DM, thus illustrating that insulin use showed an incon-
sistent duration—risk relationship.

In 2015, Lu Y et al, made a study aiming to clarify
associations between antidiabetic medications and PC.*° It
included 1,574,768 persons of follow-up, of which 529 PC
cases and 5000 controls were identified. The results
showed that insulin users were with a higher risk of PC
(OR=25.57, 95% CI=11.55-56.60), but metformin users
were not associated with PC (OR=1.46, 95% CI=0.85—
2.52) compared with no use of any antidiabetic medica-
tions among the antidiabetic medications in patients with
T2DM. These results indicated that different antidiabetic
medications had a different relation with PC, with the
highest risk among users of insulin.

In 2018, Lee D Y et al, undertook a population-based
study to find out the effects of T2DM and antidiabetic
medications on the risk of PC.”® It was concluded that
among antidiabetic medications, insulin exposure was
with an increased risk of PC (HR=2.86, 95% CI=1.43—
5.74) compared to subjects with no drug exposure,
which implicated that insulin could increase the risk
of PC.

Ding et al, found that physiologic concentrations of
insulin promoted PC cell proliferation as well as glucose
utilization by activating MAPK, PI3K, and enhancing
IGF-1 expression.'®® Insulin has potential mitogenic and
anti-apoptotic effects on cultured cancer cells by activat-
ing of the IGF-1 pathway; moreover, insulin induces
phosphorylation of ERK and Akt, which suggests that
insulin can stimulate the ras-raf-MAPK and PI3K/Akt
pathways.' %4106

Overall, as summarized in Figure 2, insulin use is
independently associated with a higher PC risk by promot-
ing PC cell proliferation and activating the MAPK and
PI3K/Akt/mTOR pathways, indicating that the patients at
high-risk for PC cannot benefit from insulin use to treat
T2DM.

Effect of T2DM on surgical resection
of PC

Surgical resection is the mainstay of treatment of PC,
including pancreaticoduodenectomy, distal pancreatect-
omy, central pancreatectomy, and total pancreatectomy.'®’
In general, T2DM has an adverse effect on surgical resec-

tion of PC, including not only operative morbidity and

mortality, but also survival and operative complications
in patients undergoing resection for PC.

Chu C K et al, conducted a study in 2010 to find out
the impact of T2DM on perioperative morbidity and mor-
tality after PC resection.'®® There were 116 (46%) patients
had preoperative T2DM of 251 PC resection cases. It was
showed that 60-day mortality was 3.6%, delayed gastric
emptying occurred in 40.1% of the patients and pancreatic
fistulas developed in 17 (6.8%) patients. Besides, T2DM
patients had a higher possibility of developing fistulas
(T2DM =10.3%, non-T2DM =3.7%, P<0.04) and devel-
oping acute kidney injury (T2DM =23.3%, non-T2DM
=12.6%, P<0.03). Moreover, T2DM remained indepen-
dently associated with fistula formation (OR=4.3, 95%
CI=1.18-15.8, P<0.027) after controlling for age, comor-
bidities, body mass index, preoperative albumin level,
operation type, operative time, and pancreatic quality.
These findings indicated that T2DM increased operative
complications following pancreatic surgery. Furthermore,
the authors made another study in 2010 to assess clinico-
pathologic features and postresection survival of T2DM-
associated PC.'” They found that median survival was
reduced in patients with T2DM compared with non-T2DM
(15 vs 17 months, P=0.015), and multivariate analysis
indicated that T2DM was independently correlatedly with
decreased survival (HR=1.55, 95% CI=1.02-2.35). Hence,
they concluded that pre-existing T2DM was associated
with decreased survival in patients with PC resection.

In 2012, Cannon and colleagues undertook a survey to
determine whether preoperative T2DM had any predictive
value for survival of patients with resection for PC."'% The
study included 509 patients with PC resection, and 31.2%
had T2DM. It was demonstrated that preoperative T2DM
was significantly associated with OS and disease-free in
both univariate analysis and cox multivariate analysis with
P<0.001, which implied that preoperative T2DM reduced
both OS and disease-free for PC operative patients.

The effect of T2DM on survival in patients with PC
resection in 2015 was evaluated in a systematic review and
meta-analysis by Mao Y et al.** Subgroup analyses
showed that T2DM was an independently related to poor
survival in patients with resectable disease (HR=1.37, 95%
CI=1.15-1.63) but not in those with unresectable disease
(HR=1.07, 95% CI=0.89-1.29), thus supporting that
T2DM was associated with higher mortality overall in
patients with surgery for PC. Similarly, Kleeff J et al,
performed a study to analyze the prognostic impact of
diabetes on the outcome of PC following resection and
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adjuvant chemotherapy.?’ They found that patients with
T2DM had an increased risk of death (HR=1.19, 95%
CI=1.01-1.40, P=0.034) in multivariable analysis after
adjustment, which showed T2DM’s independent associa-
tion with decreased survival following PC resection and
adjuvant chemotherapy.

Reviewing the studies on the impact of diabetes pre-
operatively in PC, T2DM was found to shorten the survi-
val in patients with PC resection and the better survival
rate, and good prognosis was reported on non-T2DM
compared to diabetic. What is more, preoperative diabetes
status provides useful information to stratify, surveillance,
and manage patients with PC resection.

Conclusion

PC is highly aggressive and lethal malignant, and T2DM
has a wide range of morbidity. Epidemiological studies
prove that the relationships between PC and T2DM are
complex. For one thing, T2DM is a risk factor for PC. For
another, PC is a cause of T2DM, which can act as sign and
consequence of PC. In other words, new-onset T2DM is
an early sign of PC. So T2DM can be translated to
improved morbidity and mortality for patients accursed
with PC, and it can be a screening tool in high-risk case
of PC to determine the treatment modality and prognosis.
The mechanisms of the association between DM and PC
include IR, hyperinsulinemia, hyperglycemia, and chronic
inflammation. Metformin and insulin are the main medical
treatments for T2DM. Studies have shown that metformin
decreases the risk of PC, while insulin therapy is asso-
ciated with higher risk of PC; therefore,, metformin can be
a treatment to prevent the development of malignant
lesions and holds promise as an anticancer agent. The
potential curative treatment for PC is surgical resection,
but it is indicated that T2DM is associated with decreased
survival and is a significant comorbidity predicting worse
outcomes in patients with PC resection.
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