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Abstract: Patients with pancreatic cancer (PaC) are typically not diagnosed until the disease is at a surgically unre-
sectable advanced stage, making it one of the most lethal malignancies worldwide. Patients with diabetes mellitus 
(DM), a disease that is increasing in prevalence worldwide, are two to three times more likely to develop PaC. Here, 
we review the clinical links between DM and PaC and the biological mechanisms that may contribute to these links. 
In particular, we examine molecular pathways that potentially account for development of PaC in patients who have 
had DM for various amounts of time. In addition, we also briefly discuss the potential effects of other factors such 
as different anti-diabetic medicines on PaC risk. Observational studies indicate that newly developed DM may be 
a manifestation of PaC and that the risk for this cancer is increased in long-term cases. Notably, development of 
PaC may be inhibited by using anti-diabetic medications, such as metformin. However, DM in long-term patients is 
more likely to be managed with insulin therapy, which is associated with an increased risk for developing PaC. How 
incretin-based drugs and thiazolidinediones impact the incidence of PaC remains unclear. Thus, further research 
is needed to elucidate these relationships and to determine the causality and impact of DM severity and disease 
duration as well as residual biases and misclassifications. 
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Introduction

Patients with pancreatic cancer (PaC) are typi-
cally not diagnosed until the disease is at a sur-
gically unresectable advanced stage [1, 2], 
making it one of the most lethal malignancies 
worldwide. A 3-decade-long study in France 
estimated that the 5-year survival after diagno-
sis is <5% [1]. Moreover, PaC mortality rates 
have been increasing in patients of both sexes 
over the past several decades [3, 4]. Therefore, 
early identification in individuals with a high risk 
for developing PaC could markedly reduce the 
associated morbidity and mortality [5].

Although the epidemiology of PaC remains 
unclear, there are data indicating that in addi-
tion to a family history of PaC and certain 
genetic disorders, obesity, cigarette smoking, 
alcohol consumption, chronic pancreatitis, and 
hepatitis B virus infection are contributors 
[6-11]. Additionally, a link with diabetes mellitus 
(DM) has been examined, beginning as early as 

1833 [12-15]. DM is a considerable public 
health issue in industrialized and developing 
countries and may increase the risk of breast, 
colorectal, bladder, and liver cancers [16-19]. 
The causal link between DM and PaC has been 
debated, as there is evidence that DM may 
develop early as a result of PaC [20, 21]. This 
clinical review presents the most recent epide-
miological evidence linking DM and PaC and 
the potential molecular mechanisms by which 
these influence each other. The influence of 
anti-diabetic medications (ADMs) on PaC risk is 
also discussed.

Epidemiology

Association between DM and PaC

As mentioned, the link between PaC and DM 
has been a matter of study for quite some time 
[14, 15, 22]. The risk for patients with DM to 
develop PaC is 2 to 3 times that in nondiabetics 
[5, 9, 23, 24], with higher risks in those of Asian 
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descent and Hispanic men than in whites or 
blacks [25]. In a study by Everhart and Wright 
[13], the pooled relative risk of PaC for patients 
with DM was 2.1 (95% confidence interval [CI]: 
1.6-2.8) relative to nondiabetics. In the 
Netherlands, a prospective study found that 
DM was positively associated with PaC risk 
(multivariable-adjusted hazard ratio [HR], 1.79; 
95% CI: 1.12-2.87) [26], which was in accor-
dance with the findings from an earlier meta-
analysis conducted by Ben et al. [5]. The higher 
risk for PaC in DM involves both type I and type 
II diabetes [25, 27-29]. In addition, various 
pathological types of PaC are associated with 
DM. Specifically, Batabyal et al. [28] found a 
1.97-fold risk of pancreatic ductal adenocarci-
noma in patients with DM in a meta-analysis of 
88 studies, and Haugvik et al. [29] found that 
DM was linked with the development of spo-
radic pancreatic endocrine tumors.

Association between duration of DM and PaC

Long-standing diabetes has been linked with 
PaC in at least 20 studies conducted over many 
years in various populations [13-15]. A popula-
tion-based case-control study by Silverman et 
al. [30] found that the risk for PaC was increased 
by 50% in patients from three different areas in 
the United States who have been diabetic for at 
least 10 years, whereas the increase was not 
significant in those recently diagnosed with DM 
(within one year of the cancer diagnosis). 
Bosetti et al. [31] analyzed 15 studies within 
the PaC Case-Control Consortium and found 
that the increased risk (30%) was maintained 
for more than 20 years after a diagnosis of DM. 
Indeed, the meta-analysis by Everhart and 
Wright [13] revealed a relative risk of 2.0 (95% 
CI: 1.2-3.2) for PaC when DM was diagnosed at 
least 5 years earlier. The risk was higher in 
cohort studies using the pooled estimate (rela-
tive risk, 2.6) than in case-control studies (odds 
ratio, 1.8).

There are also data contradicting the influence 
of long-standing DM on the development of 
PaC [32-34]. Frye et al. [35] found that the prev-
alence of cases with prolonged DM was not 
higher among PaC patients than among 
patients with colorectal cancer or fractured 
femurs. Another population-based cohort study 
by Liao et al. [36] showed that PaC was associ-
ated with DM of a duration of <2 years, but not 

long-standing disease, in patients in Taiwan, 
suggesting that DM may represent an early 
manifestation of PaC, in accordance with 
results from other studies [21]. Similarly, Grote 
et al. [37] reported that DM often manifests 
shortly before pancreatic tumors are diag-
nosed. In the study by Batabyal et al. [28], the 
risk for PaC was highest in patients with recent 
DM diagnoses but remained high for up to 10 
years after, with a relative risk of 6.69 when DM 
was diagnosed within 1 year that decreased to 
1.36 after 10 years. In patients with type II DM, 
those with a diagnosis <2 years before their 
cancer was detected had an incidence of PaC 
that was significantly higher than that in 
patients diagnosed 2-5 years earlier [38].

Thus, there are data indicating that patients 
with long-standing DM have a higher risk of 
PaC, suggesting that DM may lead to PaC while 
providing evidence against the reverse. For 
example, it is unlikely that the DM in a patient 
with long-standing disease was caused by 
advanced PaC, when the 1-year survival is 
<20% [13]. Nevertheless, DM is often diag-
nosed around the time that PaC is diagnosed 
[21, 39]. The inconsistencies among studies 
make it difficult to discern whether DM is in fact 
causing PaC or results from subclinical PaC 
[40].

Mechanisms linking DM and PaC

Mechanism of DM-associated pancreatic 
carcinogenesis

The link between DM and the development of 
PaC involves (i) metabolic, (ii) hormonal, and 
(iii) immunologic alterations. First, obesity is a 
risk factor for both DM [41] and PaC [42]. 
Specifically, body mass index was found to con-
tribute to the link between DM and PaC risk, 
most notably in patients with a low body mass 
index (170% increased risk for those in the low-
est quartile) [30]. Second, DM involves insulin 
resistance, compensatory hyperinsulinemia, 
and upregulation of insulin-like growth factor-1 
(IGF-1), and insulin promotes the growth of PaC 
cells via autocrine activation of the IGF-1 recep-
tor [43]. Activation of the highly expressed 
IGF-1 receptor in PaC cells suppresses apopto-
sis and promotes their proliferation and inva-
sion as well as angiogenesis [44]. Third, glu-
cose levels (both fasting and postprandial) 
show a dose-dependent association with PaC 
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risk [45, 46]. Together, these findings indicate a 
causal role of DM for the development of PaC.

Mechanism of pancreatic carcinogenesis-
associated DM

The association between PaC and the develop-
ment of DM also involves hormonal alterations 
related to insulin resistance and cell altera-
tions. For example, the islet amyloid polypep-
tide that is secreted by B-cells [47] induces 
insulin resistance in vitro and in vivo [48, 49], 
and PaC plasma samples from patients with 
diabetes have increased levels of this peptide, 
as shown by Permert and colleagues [50]. In 
patients with PaC, the development of DM may 
require peripheral insulin resistance [51]. This 
PaC-associated insulin resistance may involve 
the blockade of insulin receptors and subse-
quent impaired glucose transport, as suggest-
ed by results from in vitro studies [52, 53]. 
Moreover, PaC cells may secrete factors that 
contribute to this and can induce hyperglyce-
mia in mice [8, 54]. One such factors may be a 
2,030 MW peptide that was identified in sera 
from PaC patients as well as in the medium 
from cultured PaC cells [55]. Finally, there is 
evidence that the function of pancreatic beta 
cell islets can be comprised by developing 
tumors [47], resulting in reduced insulin secre-
tion and the development of hyperglycemia.

ADMs and PaC

Increasing evidence from experimental and epi-
demiologic studies indicates that the develop-
ment of PaC is modified with conventional oral 
ADM or insulin treatments [31]. The effects 
from various ADM treatments in DM patients 
on the development of PaC is reviewed in this 
section.

Metformin

For the treatment of type II DM, the biguanide 
oral hypoglycemic metformin is commonly pre-
scribed. Metformin increases fatty acid oxida-
tion and glucose utilization via the decreased 
production of glucose in the liver [23]. Its ability 
to suppress the development of PaC was sug-
gested by several recent pooled case-control 
studies [23, 56, 57]. One such study by Li et al. 
[23] at a cancer center in Texas showed that 
the risk for PaC in DM patients treated with 
metformin was significantly lower, with an 

adjusted odds ratio of 0.38 (95% CI: 0.22-0.69) 
that took into consideration demographic, clini-
cal, and risk factors. Similarly, Lee et al. [57] 
found a benefit from metformin over other anti-
hyperglycemics in Taiwanese patients by calcu-
lating the Charlson comorbidity index, with an 
HR for PaC of 0.15 (95% CI: 0.03-0.79).

There are a couple of possible explanations for 
the protection against PaC afforded by metfor-
min. First, metformin systemically improves 
insulin sensitivity and promotes weight loss 
[58], and by reducing the level of circulating 
insulin, it was shown to block tumor develop-
ment in a model of PaC induced by a high-fat 
diet and carcinogens [59]. Second, metformin 
stimulates adenosine monophosphate activat-
ed protein kinase, which inhibits the down-
stream mTOR pathway often activated in malig-
nant cells [60, 61] and is involved in the polarity 
and division of cells [62]. Thus, metformin may 
exhibit antineoplastic effects systemically, via 
altering insulin sensitivity, and more directly, by 
acting on growth factor signaling pathways in 
cancerous cells.

Despite evidence for a lower PaC risk, other 
studies have failed to find a benefit from met-
formin. For example, Singh et al. [63] found only 
a slight trend towards a lower risk in metformin-
treated patients. In addition, Ferrara et al. [64] 
found a slightly higher risk for PaC in patients 
who had a history of having taken metformin. 
These discrepancies may result from variability 
in the severity and/or duration of disease in the 
DM patients studied.

Thiazolidinediones (TZDs)

Patients with type II DM are also treated with 
thiazolidinediones (TZDs), which are agonists  
of peroxisome proliferator-activated receptors 
(PPARs) and act as insulin sensitizers. TZDs can 
inhibit pancreatic cell proliferation in vitro [65-
67] and the invasiveness of PaC in vivo [68]. 
However, the link between TZDs and PaC risk is 
unclear, with conflicting results from clinical tri-
als and epidemiologic data [69-74]. This may be 
due in part to the complexity of the actions of 
PPARs. For example, as a nuclear receptor, 
PPAR-γ regulates gene transcription in cells of 
several tissue types. Although some animal tox-
icity studies indicate that PPAR-γ and dual 
PPAR-α/γ agonists can increase cancer risk, 
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there are most studies suggesting that PPAR-γ 
activation inhibits tumor growth [75].

As a type of malignancy, PaC cells proliferate 
uncontrollably and invade adjacent tissues 
[76]. These characteristics may be attenuated 
by PPAR-γ activation [77, 78]. Activated PPAR-γ 
binds preferentially to the retinoid X receptor α 
to stimulate pathways that inhibit cell prolifera-
tion and differentiation. Interestingly, synthetic 
PPAR-γ ligands can also influence cell growth 
independent of PPAR-γ activation [79, 80].

A study by Ninomiya et al. [81] found enhanced 
cellular differentiation and reduced expression 
of angiogenesis-associated proteins in PaC 
cells treated with the pioglitazone, which has 
been shown to inhibit PaC growth in vivo [82]. 
However, Ferrara et al. [64] found no link 
between pioglitazone and a risk of cancer in 
the pancreas or in nine other common sites. 
Similarly, no significant risk for PaC with TZDs 
was found by Li et al. [23] nor in a study of 
Taiwanese diabetic patients by Kao et al. [83]. 
These discrepant results may reflect the com-
plexity of PPARs signaling and suggest that 
unknown interactions may exist that impact the 
development of PaC and require further study.

Incretin-based drugs

Glucagon-like peptide-1 receptor agonists such 
as exenatide and dipeptidyl peptidase-4 inhibi-
tors such as sitagliptin are incretin-based drugs 
recently introduced to treat type II diabetes. 
However, there has been concern as to whether 
these drugs increase the risk for developing 
PaC [84]. Particularly, the adverse events data-
base maintained by the U.S Food and Drug 
Administration indicates that treatments with 
exenatide and sitagliptin increase the rates of 
PaC by 2.9 and 2.7 times, respectively, com-
pared with those from other ADM treatments 
[85]. Specifically, an observational study by 
Tseng et al. [86] found a higher risk of PaC (HR, 
1.40; 95% CI: 1.13-1.75) in patients receiving a 
cumulative dose of <33,700 mg of sitagliptin.

However, there are also studies indicating that 
incretin-based drugs are not linked with PaC 
[87-98]. For example, Gokhale et al. [97] ana-
lyzed data from Medicare claims in the United 
States and showed that compared to sulfonyl-
urea or TZDs, there was no increased risk for 
PaC with dipeptidyl peptidase-4 inhibitors, with 

HRs of 0.62 (95% CI: 0.41-0.94) and 0.97 (95% 
CI: 0.65-1.43), respectively, after adjusting for 
the propensity scores. Similarly, Funch et al. 
[96] did not observe an increased risk in 
patients treated with the glucagon-like pep-
tide-1 receptor agonist liraglutide. Thus, addi-
tional randomized controlled studies compris-
ing large sample sizes are needed to resolve 
whether incretin-based drugs promote the 
development of PaC.

Insulin

In addition to regulating glucose and lipid 
metabolism, insulin can promote proliferation 
of cells as well angiogenesis. Moreover, it 
appears that insulin may support the growth of 
tumors in the pancreas [99]. Diabetics taking 
insulin consistently show an increased rate of 
PaC, particularly those with long-term (>5 
years) use (odds ratio, 2.78; 95% CI: 1.00-7.73) 
as reported by Li et al. [23] and by Ferrara et al. 
[64], who reported an HR of 3.1 (95% CI: 2.4-
4.0) in patients that had previously received 
insulin treatment. Interestingly, an investiga-
tion by Currie et al. found that the risks for PaC 
(HR, 4.63; 95% CI: 2.64-8.10) as well as for 
colorectal cancer (HR, 1.69; 95% CI: 1.23-2.33) 
were higher in patients treated with insulin than 
in those treated with metformin [56]. However, 
a meta-analysis by Tan et al. [38] revealed that 
insulin therapy may actually decrease the inci-
dence of PaC. The authors suggested that 
whereas locally produced insulin can promote 
the growth of pancreatic tumor cells, systemic 
insulin derived from therapeutic treatments 
acts primarily to regulate glucose in the blood, 
thereby limiting its availability to the tumor 
cells. Of note, the association between previ-
ous use of insulin and the risk of PaC was con-
founded by both the duration of diabetes in 
patients and their level of glycemic control. 
Thus, more studies need to be conducted that 
exclude such relevant factors.

Conclusion

Observational studies indicate that newly 
developed DM may be a manifestation of PaC 
and that the risk for this cancer is increased in 
long-term cases. Notably, the development of 
PaC may be inhibited by the using of ADMs, 
such as metformin. However, DM in long-term 
patients is more likely to be managed with insu-
lin therapy, which is associated with an 
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increased risk for developing PaC. How incre-
tin-based drugs and TZDs impact the incidence 
of PaC remains unclear. Thus, further research 
is needed to elucidate these relationships and 
to determine the causality and the impact of 
DM severity and disease duration as well as 
residual biases and misclassifications. Future 
studies will also help to identify the possible 
effects of ADM type and dosage on the risk of 
PaC.

Acknowledgements

We thank Dr. Hongqin Xu for her assistance in 
the acquisition of reference. 

All authors declare they consent to publish the 
article. 

Disclosure of conflict of interest

None.

Address correspondence to: Pujun Gao, Department 
of Hepatology, The First Hospital of Jilin University, 
Jilin University, No.71 Xinmin Street, Changchun 
130021, Jilin, China. E-mail: gpj0411@163.com

References

[1] Gudjonsson B. Cancer of the pancreas. 50 
years of surgery. Cancer 1987; 60: 2284-
2303.

[2] David M, Lepage C, Jouve JL, Jooste V, 
Chauvenet M, Faivre J, Bouvier AM. Manage-
ment and prognosis of pancreatic cancer over 
a 30-year period. Br J Cancer 2009; 101: 215-
218.

[3] Wang L, Yang GH, Lu XH, Huang ZJ, Li H. Pan-
creatic cancer mortality in China (1991-2000). 
World J Gastroenterol 2003; 9: 1819-1823.

[4] Qiu D, Katanoda K, Marugame T, Sobue T. A 
joinpoint regression analysis of long-term 
trends in cancer mortality in Japan (1958-
2004). Int J Cancer 2009; 124: 443-448.

[5] Ben Q, Xu M, Ning X, Liu J, Hong S, Huang W, 
Zhang H, Li Z. Diabetes mellitus and risk of 
pancreatic cancer: a meta-analysis of cohort 
studies. Eur J Cancer 2011; 47: 1928-1937.

[6] Lee CT, Chang FY, Lee SD. Risk factors for pan-
creatic cancer in orientals. J Gastroenterol 
Hepatol 1996; 11: 491-495.

[7] Berrington de Gonzalez A, Sweetland S, Spen-
cer E. A meta-analysis of obesity and the risk 
of pancreatic cancer. Br J Cancer 2003; 89: 
519-523.

[8] Michaud DS. Epidemiology of pancreatic can-
cer. Minerva Chir 2004; 59: 99-111.

[9] Hassan MM, Bondy ML, Wolff RA, Abbruzzese 
JL, Vauthey JN, Pisters PW, Evans DB, Khan R, 
Chou TH, Lenzi R, Jiao L, Li DH. Risk factors for 
pancreatic cancer: case-control study. Am J 
Gastroenterol 2007; 102: 2696-2707.

[10] Raimondi S, Maisonneuve P, Lowenfels AB. 
Epidemiology of pancreatic cancer: an over-
view. Nat Rev Gastroenterol Hepatol 2009; 6: 
699-708.

[11] Iloeje UH, Yang HI, Jen CL, Su J, Wang LY, You 
SL, Lu SN, Chen CJ. Risk of pancreatic cancer 
in chronic hepatitis B virus infection: data from 
the REVEAL-HBV cohort study. Liver Int 2010; 
30: 423-429.

[12] Green A, Jensen OM. Frequency of cancer 
among insulin-treated diabetic patients in 
Denmark. Diabetologia 1985; 28: 128-130.

[13] Everhart J, Wright D. Diabetes mellitus as a 
risk factor for pancreatic cancer. A meta-analy-
sis. JAMA 1995; 273: 1605-1609.

[14] Chow WH, Gridley G, Nyren O, Linet MS, Ekbom 
A, Fraumeni JF Jr, Adami HO. Risk of pancreatic 
cancer following diabetes mellitus: a nation-
wide cohort study in Sweden. J Natl Cancer 
Inst 1995; 87: 930-931.

[15] Wideroff L, Gridley G, Mellemkjaer L, Chow 
WH, Linet M, Keehn S, Borch-Johnsen K, Olsen 
JH. Cancer incidence in a population-based co-
hort of patients hospitalized with diabetes mel-
litus in Denmark. J Natl Cancer Inst 1997; 89: 
1360-1365.

[16] El-Serag HB, Hampel H, Javadi F. The associa-
tion between diabetes and hepatocellular car-
cinoma: a systematic review of epidemiologic 
evidence. Clin Gastroenterol Hepatol 2006; 4: 
369-380.

[17] Li X, Xu H, Gao Y, Pan M, Wang L, Gao P. Diabe-
tes mellitus increases the risk of hepatocellu-
lar carcinoma in treatment-naive chronic hepa-
titis C patients in China. Medicine 2017; 96: 
e6508.

[18] Heidemann C, Boeing H, Pischon T, Nothlings 
U, Joost HG, Schulze MB. Association of a dia-
betes risk score with risk of myocardial infarc-
tion, stroke, specific types of cancer, and mor-
tality: a prospective study in the european 
prospective investigation into cancer and nutri-
tion (EPIC)-potsdam cohort. Eur J Epidemiol 
2009; 24: 281-288.

[19] Giovannucci E, Harlan DM, Archer MC, Bergen-
stal RM, Gapstur SM, Habel LA, Pollak M, Re-
gensteiner JG, Yee D. Diabetes and cancer: a 
consensus report. Diabetes Care 2010; 33: 
1674-1685.

[20] Huxley R, Ansary-Moghaddam A, Berrington de 
Gonzalez A, Barzi F, Woodward M. Type-II dia-
betes and pancreatic cancer: a meta-analysis 

mailto:gpj0411@163.com


DM and PaC

11589 Int J Clin Exp Med 2018;11(11):11584-11592

of 36 studies. Br J Cancer 2005; 92: 2076-
2083.

[21] Pannala R, Basu A, Petersen GM, Chari ST. 
New-onset diabetes: a potential clue to the 
early diagnosis of pancreatic cancer. Lancet 
Oncol 2009; 10: 88-95.

[22] Zendehdel K, Nyren O, Ostenson CG, Adami 
HO, Ekbom A, Ye W. Cancer incidence in pa-
tients with type 1 diabetes mellitus: a popula-
tion-based cohort study in Sweden. J Natl Can-
cer Inst 2003; 95: 1797-1800.

[23] Li D, Yeung SC, Hassan MM, Konopleva M, Ab-
bruzzese JL. Anti-diabetic therapies affect risk 
of pancreatic cancer. Gastroenterology 2009; 
137: 482-488.

[24] Jamal MM, Yoon EJ, Vega KJ, Hashemzadeh M, 
Chang KJ. Diabetes mellitus as a risk factor for 
gastrointestinal cancer among American veter-
ans. World J Gastroenterol 2009; 15: 5274-
5278.

[25] Li D, Tang H, Hassan MM, Holly EA, Bracci PM, 
Silverman DT. Diabetes and risk of pancreatic 
cancer: a pooled analysis of three large case-
control studies. Cancer Causes Control 2011; 
22: 189-197.

[26] Eijgenraam P, Heinen MM, Verhage BA, Keule-
mans YC, Schouten LJ, van den Brandt PA. Dia-
betes type II, other medical conditions and 
pancreatic cancer risk: a prospective study in 
the netherlands. Br J Cancer 2013; 109: 2924-
2932.

[27] Stevens RJ, Roddam AW, Beral V. Pancreatic 
cancer in type 1 and young-onset diabetes: 
systematic review and meta-analysis. Br J Can-
cer 2007; 96: 507-509.

[28] Batabyal P, Vander Hoorn S, Christophi C, 
Nikfarjam M. Association of diabetes mellitus 
and pancreatic adenocarcinoma: a meta-anal-
ysis of 88 studies. Ann Surg Oncol 2014; 21: 
2453-2462.

[29] Haugvik SP, Hedenstrom P, Korsaeth E, Va-
lente R, Hayes A, Siuka D, Maisonneuve P, 
Gladhaug IP, Lindkvist B, Capurso G. Diabetes, 
smoking, alcohol use, and family history of 
cancer as risk factors for pancreatic neuroen-
docrine tumors: a systematic review and meta-
analysis. Neuroendocrinology 2015; 101: 133-
142.

[30] Silverman DT, Schiffman M, Everhart J, Gold-
stein A, Lillemoe KD, Swanson GM, Schwartz 
AG, Brown LM, Greenberg RS, Schoenberg JB, 
Pottern LM, Hoover RN, Fraumeni JF Jr. Diabe-
tes mellitus, other medical conditions and fa-
milial history of cancer as risk factors for pan-
creatic cancer. Br J Cancer 1999; 80: 
1830-1837.

[31] Bosetti C, Rosato V, Li D, Silverman D, Peters-
en GM, Bracci PM, Neale RE, Muscat J, Ander-
son K, Gallinger S, Olson SH, Miller AB, Bas 

Bueno-de-Mesquita H, Scelo G, Janout V, Hol-
catova I, Lagiou P, Serraino D, Lucenteforte E, 
Fabianova E, Ghadirian P, Baghurst PA, Zaton-
ski W, Foretova L, Fontham E, Bamlet WR, Holly 
EA, Negri E, Hassan M, Prizment A, Cotterchio 
M, Cleary S, Kurtz RC, Maisonneuve P, Tricho-
poulos D, Polesel J, Duell EJ, Boffetta P, La Vec-
chia C. Diabetes, anti-diabetic medications, 
and pancreatic cancer risk: an analysis from 
the international pancreatic cancer case-con-
trol consortium. Ann Oncol 2014; 25: 2065-
2072.

[32] Maruchi N, Brian D, Ludwig J, Elveback LR, 
Kurland LT. Cancer of the pancreas in olmsted 
county, minnesota, 1935-1974. Mayo Clin Proc 
1979; 54: 245-249.

[33] Bueno de Mesquita HB, Maisonneuve P, Moer-
man CJ, Walker AM. Aspects of medical history 
and exocrine carcinoma of the pancreas: a 
population-based case-control study in The 
Netherlands. Int J Cancer 1992; 52: 17-23.

[34] Gullo L, Pezzilli R, Morselli-Labate AM. Diabe-
tes and the risk of pancreatic cancer. N Engl J 
Med 1994; 331: 81-84.

[35] Frye JN, Inder WJ, Dobbs BR, Frizelle FA. Pan-
creatic cancer and diabetes: is there a rela-
tionship? A case-controlled study. Aust N Z J 
Surg 2000; 70: 722-724.

[36] Liao KF, Lai SW, Li CI, Chen WC. Diabetes mel-
litus correlates with increased risk of pancre-
atic cancer: a population-based cohort study in 
Taiwan. J Gastroenterol Hepatol 2012; 27: 
709-713.

[37] Grote VA, Rohrmann S, Nieters A, Dossus L, 
Tjonneland A, Halkjaer J, Overvad K, Fagher-
azzi G, Boutron-Ruault MC, Morois S, Teucher 
B, Becker S, Sluik D, Boeing H, Trichopoulou A, 
Lagiou P, Trichopoulos D, Palli D, Pala V, Tumi-
no R, Vineis P, Panico S, Rodríguez L, Duell EJ, 
Molina-Montes E, Dorronsoro M, Huerta JM, 
Ardanaz E, Jeurnink SM, Beulens JW, Peeters 
PH, Sund M, Ye W, Lindkvist B, Johansen D, 
Khaw KT, Wareham N, Allen N, Crowe F, Jenab 
M, Romieu I, Michaud DS, Riboli E, Romaguera 
D, Bueno-de-Mesquita HB, Kaaks R. Diabetes 
mellitus, glycated haemoglobin and C-peptide 
levels in relation to pancreatic cancer risk: a 
study within the European prospective investi-
gation into cancer and nutrition (EPIC) cohort. 
Diabetologia 2011; 54: 3037-3046.

[38] Tan J, You Y, Guo F, Xu J, Dai H, Bie P. Associa-
tion of elevated risk of pancreatic cancer in di-
abetic patients: a systematic review and meta-
analysis. Oncol Lett 2017; 13: 1247-1255.

[39] Chari ST, Leibson CL, Rabe KG, Timmons LJ, 
Ransom J, de Andrade M, Petersen GM. Pan-
creatic cancer-associated diabetes mellitus: 
prevalence and temporal association with di-



DM and PaC

11590 Int J Clin Exp Med 2018;11(11):11584-11592

agnosis of cancer. Gastroenterology 2008; 
134: 95-101.

[40] Stolzenberg-Solomon RZ, Graubard BI, Chari S, 
Limburg P, Taylor PR, Virtamo J, Albanes D. In-
sulin, glucose, insulin resistance, and pancre-
atic cancer in male smokers. JAMA 2005; 294: 
2872-2878.

[41] Colditz GA, Willett WC, Rotnitzky A, Manson JE. 
Weight gain as a risk factor for clinical diabetes 
mellitus in women. Ann Intern Med 1995; 122: 
481-486.

[42] Silverman DT, Swanson CA, Gridley G, Wa-
cholder S, Greenberg RS, Brown LM, Hayes RB, 
Swanson GM, Schoenberg JB, Pottern LM, 
Schwartz AG, Fraumeni JF Jr, Hoover RN. Di-
etary and nutritional factors and pancreatic 
cancer: a case-control study based on direct 
interviews. J Natl Cancer Inst 1998; 90: 1710-
1719.

[43] Musey VC, Goldstein S, Farmer PK, Moore PB, 
Phillips LS. Differential regulation of IGF-1 and 
IGF-binding protein-1 by dietary composition in 
humans. Am J Med Sci 1993; 305: 131-138.

[44] Neid M, Datta K, Stephan S, Khanna I, Pal S, 
Shaw L, White M, Mukhopadhyay D. Role of in-
sulin receptor substrates and protein kinase 
C-zeta in vascular permeability factor/vascular 
endothelial growth factor expression in pancre-
atic cancer cells. J Biol Chem 2004; 279: 
3941-3948.

[45] Gapstur SM, Gann PH, Lowe W, Liu K, Colan-
gelo L, Dyer A. Abnormal glucose metabolism 
and pancreatic cancer mortality. JAMA 2000; 
283: 2552-2558.

[46] Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. 
Fasting serum glucose level and cancer risk in 
Korean men and women. JAMA 2005; 293: 
194-202.

[47] Hruban RH, Pitman MB, Klimstra DS. Tumors 
of the endocrine pancreas. 2007.

[48] Leighton B, Cooper GJ. Pancreatic amylin and 
calcitonin gene-related peptide cause resis-
tance to insulin in skeletal muscle in vitro. Na-
ture 1988; 335: 632-635.

[49] Sowa R, Sanke T, Hirayama J, Tabata H, Furuta 
H, Nishimura S, Nanjo K. Islet amyloid polypep-
tide amide causes peripheral insulin resis-
tance in vivo in dogs. Diabetologia 1990; 33: 
118-120.

[50] Permert J, Larsson J, Westermark GT, Her-
rington MK, Christmanson L, Pour PM, Wester-
mark P, Adrian TE. Islet amyloid polypeptide in 
patients with pancreatic cancer and diabetes. 
N Engl J Med 1994; 330: 313-318.

[51] Chari ST, Leibson CL, Rabe KG, Ransom J, de 
Andrade M, Petersen GM. Probability of pan-
creatic cancer following diabetes: a popula-
tion-based study. Gastroenterology 2005; 
129: 504-511.

[52] Liu J, Knezetic JA, Strommer L, Permert J, Lars-
son J, Adrian TE. The intracellular mechanism 
of insulin resistance in pancreatic cancer pa-
tients. J Clin Endocrinol Metab 2000; 85: 
1232-1238.

[53] Isaksson B, Strommer L, Friess H, Buchler MW, 
Herrington MK, Wang F, Zierath JR, Wallberg-
Henriksson H, Larsson J, Permert J. Impaired 
insulin action on phosphatidylinositol 3-kinase 
activity and glucose transport in skeletal mus-
cle of pancreatic cancer patients. Pancreas 
2003; 26: 173-177.

[54] Basso D, Brigato L, Veronesi A, Panozzo MP, 
Amadori A, Plebani M. The pancreatic cancer 
cell line MIA PaCa2 produces one or more fac-
tors able to induce hyperglycemia in SCID 
mice. Anticancer Res 1995; 15: 2585-2588.

[55] Basso D, Valerio A, Seraglia R, Mazza S, Piva 
MG, Greco E, Fogar P, Gallo N, Pedrazzoli S, 
Tiengo A, Plebani M. Putative pancreatic can-
cer-associated diabetogenic factor: 2030 MW 
peptide. Pancreas 2002; 24: 8-14.

[56] Currie CJ, Poole CD, Gale EA. The influence of 
glucose-lowering therapies on cancer risk in 
type 2 diabetes. Diabetologia 2009; 52: 1766-
1777.

[57] Lee MS, Hsu CC, Wahlqvist ML, Tsai HN, Chang 
YH, Huang YC. Type 2 diabetes increases and 
metformin reduces total, colorectal, liver and 
pancreatic cancer incidences in Taiwanese: a 
representative population prospective cohort 
study of 800,000 individuals. BMC Cancer 
2011; 11: 20.

[58] Gallagher EJ, LeRoith D. Diabetes, cancer, and 
metformin: connections of metabolism and 
cell proliferation. Ann N Y Acad Sci 2011; 
1243: 54-68.

[59] Schneider MB, Matsuzaki H, Haorah J, Ulrich 
A, Standop J, Ding XZ, Adrian TE, Pour PM. Pre-
vention of pancreatic cancer induction in ham-
sters by metformin. Gastroenterology 2001; 
120: 1263-1270.

[60] Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-
Melody J, Wu M, Ventre J, Doebber T, Fujii N, 
Musi N, Hirshman MF, Goodyear LJ, Moller DE. 
Role of AMP-activated protein kinase in mech-
anism of metformin action. J Clin Invest 2001; 
108: 1167-1174.

[61] Hadad SM, Fleming S, Thompson AM. Target-
ing AMPK: a new therapeutic opportunity in 
breast cancer. Crit Rev Oncol Hematol 2008; 
67: 1-7.

[62] Williams T, Brenman JE. LKB1 and AMPK in 
cell polarity and division. Trends Cell Biol 
2008; 18: 193-198.

[63] Singh S, Singh PP, Singh AG, Murad MH, Mc-
Williams RR, Chari ST. Anti-diabetic medica-
tions and risk of pancreatic cancer in patients 
with diabetes mellitus: a systematic review 



DM and PaC

11591 Int J Clin Exp Med 2018;11(11):11584-11592

and meta-analysis. Am J Gastroenterol 2013; 
108: 510-519.

[64] Ferrara A, Lewis JD, Quesenberry CP Jr, Peng T, 
Strom BL, Van Den Eeden SK, Ehrlich SF, Habel 
LA. Cohort study of pioglitazone and cancer in-
cidence in patients with diabetes. Diabetes 
Care 2011; 34: 923-929.

[65] Elnemr A, Ohta T, Iwata K, Ninomia I, Fushida 
S, Nishimura G, Kitagawa H, Kayahara M, Ya-
mamoto M, Terada T, Miwa K. PPARgamma li-
gand (thiazolidinedione) induces growth arrest 
and differentiation markers of human pancre-
atic cancer cells. Int J Oncol 2000; 17: 1157-
1164.

[66] Motomura W, Okumura T, Takahashi N, Obara 
T, Kohgo Y. Activation of peroxisome prolifera-
tor-activated receptor gamma by troglitazone 
inhibits cell growth through the increase of 
p27KiP1 in human. Pancreatic carcinoma 
cells. Cancer Res 2000; 60: 5558-5564.

[67] Kawa S, Nikaido T, Unno H, Usuda N, Nakaya-
ma K, Kiyosawa K. Growth inhibition and dif-
ferentiation of pancreatic cancer cell lines by 
PPAR gamma ligand troglitazone. Pancreas 
2002; 24: 1-7.

[68] Galli A, Ceni E, Crabb DW, Mello T, Salzano R, 
Grappone C, Milani S, Surrenti E, Surrenti C, 
Casini A. Anti-diabetic thiazolidinediones in-
hibit invasiveness of pancreatic cancer cells 
via PPARgamma independent mechanisms. 
Gut 2004; 53: 1688-1697.

[69] Cohen SM. Effects of PPARgamma and com-
bined agonists on the urinary tract of rats and 
other species. Toxicol Sci 2005; 87: 322-327.

[70] Dormandy JA, Charbonnel B, Eckland DJ, Erd-
mann E, Massi-Benedetti M, Moules IK, Skene 
AM, Tan MH, Lefèbvre PJ, Murray GD, Standl E, 
Wilcox RG, Wilhelmsen L, Betteridge J, Birke-
land K, Golay A, Heine RJ, Korányi L, Laakso M, 
Mokán M, Norkus A, Pirags V, Podar T, Scheen 
A, Scherbaum W, Schernthaner G, Schmitz O, 
Skrha J, Smith U, Taton J; PROactive Investiga-
tors. Secondary prevention of macrovascular 
events in patients with type 2 diabetes in the 
PROactive study (PROspective pioglitAzone 
clinical trial in macroVascular events): a ran-
domised controlled trial. Lancet (London, Eng-
land) 2005; 366: 1279-1289.

[71] Ramos-Nino ME, MacLean CD, Littenberg B. 
Association between cancer prevalence and 
use of thiazolidinediones: results from the ver-
mont diabetes information system. BMC Med 
2007; 5: 17.

[72] Govindarajan R, Ratnasinghe L, Simmons DL, 
Siegel ER, Midathada MV, Kim L, Kim PJ, Ow-
ens RJ, Lang NP. Thiazolidinediones and the 
risk of lung, prostate, and colon cancer in pa-
tients with diabetes. J Clin Oncol 2007; 25: 
1476-1481.

[73] Koro C, Barrett S, Qizilbash N. Cancer risks in 
thiazolidinedione users compared to other an-
ti-diabetic agents. Pharmacoepidemiol Drug 
Saf 2007; 16: 485-492.

[74] Monami M, Lamanna C, Marchionni N, Man-
nucci E. Rosiglitazone and risk of cancer: a 
meta-analysis of randomized clinical trials. Di-
abetes Care 2008; 31: 1455-1460.

[75] Rubenstrunk A, Hanf R, Hum DW, Fruchart JC, 
Staels B. Safety issues and prospects for fu-
ture generations of PPAR modulators. Biochim 
Biophys Acta 2007; 1771: 1065-1081.

[76] Labuzek K, Kozlowski M, Szkudlapski D, Sikor-
ska P, Kozlowska M, Okopien B. Incretin-based 
therapies in the treatment of type 2 diabetes-
-more than meets the eye? Eur J Intern Med 
2013; 24: 207-212.

[77] Polvani S, Tarocchi M, Tempesti S, Bencini L, 
Galli A. Peroxisome proliferator activated re-
ceptors at the crossroad of obesity, diabetes, 
and pancreatic cancer. World J Gastroenterol 
2016; 22: 2441-2459.

[78] Jaster R, Lichte P, Fitzner B, Brock P, Glass A, 
Karopka T, Gierl L, Koczan D, Thiesen HJ, Spar-
mann G, Emmrich J, Liebe S. Peroxisome prolif-
erator-activated receptor gamma overexpres-
sion inhibits pro-fibrogenic activities of im- 
mortalised rat pancreatic stellate cells. J Cell 
Mol Med 2005; 9: 670-682.

[79] Palakurthi SS, Aktas H, Grubissich LM, 
Mortensen RM, Halperin JA. Anticancer effects 
of thiazolidinediones are independent of per-
oxisome proliferator-activated receptor gam-
ma and mediated by inhibition of translation 
initiation. Cancer Res 2001; 61: 6213-6218.

[80] Clay CE, Monjazeb A, Thorburn J, Chilton FH, 
High KP. 15-Deoxy-delta12,14-prostaglandin 
J2-induced apoptosis does not require PPAR-
gamma in breast cancer cells. J Lipid Res 
2002; 43: 1818-1828.

[81] Ninomiya I, Yamazaki K, Oyama K, Hayashi H, 
Tajima H, Kitagawa H, Fushida S, Fujimura T, 
Ohta T. Pioglitazone inhibits the proliferation 
and metastasis of human pancreatic cancer 
cells. Oncol Lett 2014; 8: 2709-2714.

[82] Itami A, Watanabe G, Shimada Y, Hashimoto Y, 
Kawamura J, Kato M, Hosotani R, Imamura M. 
Ligands for peroxisome proliferator-activated 
receptor gamma inhibit growth of pancreatic 
cancers both in vitro and in vivo. Int J Cancer 
2001; 94: 370-376.

[83] Kao CH, Sun LM, Chen PC, Lin MC, Liang JA, 
Muo CH, Chang SN, Sung FC. A population-
based cohort study in Taiwan--use of insulin 
sensitizers can decrease cancer risk in diabet-
ic patients? Ann Oncol 2013; 24: 523-530.

[84] Suissa S. Novel approaches to pharmacoepi-
demiology study design and statistical analy-



DM and PaC

11592 Int J Clin Exp Med 2018;11(11):11584-11592

sis. Bruce R Hopkins Nonprofit Counsel 2005; 
33: 6-7.

[85] Elashoff M, Matveyenko AV, Gier B, Elashoff R, 
Butler PC. Pancreatitis, pancreatic, and thyroid 
cancer with glucagon-like peptide-1-based 
therapies. Gastroenterology 2011; 141: 150-
156.

[86] Tseng CH. Sitagliptin and pancreatic cancer 
risk in patients with type 2 diabetes. Eur J Clin 
Invest 2016; 46: 70-79.

[87] Shyangdan DS, Royle PL, Clar C, Sharma P, 
Waugh NR. Glucagon-like peptide analogues 
for type 2 diabetes mellitus: systematic review 
and meta-analysis. BMC Endocr Disord 2010; 
10: 20.

[88] Monami M, Dicembrini I, Martelli D, Mannucci 
E. Safety of dipeptidyl peptidase-4 inhibitors: a 
meta-analysis of randomized clinical trials. 
Curr Med Res Opin 2011; 27 Suppl 3: 57-64.

[89] Jeong KH, Yoo BK. The efficacy and safety of 
liraglutide. Int J Clin Pharm 2011; 33: 740-749.

[90] Scirica BM, Bhatt DL, Braunwald E, Steg PG, 
Davidson J, Hirshberg B, Ohman P, Frederich R, 
Wiviott SD, Hoffman EB, Cavender MA, Udell 
JA, Desai NR, Mosenzon O, McGuire DK, Ray 
KK, Leiter LA, Raz I; SAVOR-TIMI 53 Steering 
Committee and Investigators. Saxagliptin and 
cardiovascular outcomes in patients with type 
2 diabetes mellitus. N Engl J Med 2013; 369: 
1317-1326.

[91] White WB, Cannon CP, Heller SR, Nissen SE, 
Bergenstal RM, Bakris GL, Perez AT, Fleck PR, 
Mehta CR, Kupfer S, Wilson C, Cushman WC, 
Zannad F; EXAMINE Investigators. Alogliptin af-
ter acute coronary syndrome in patients with 
type 2 diabetes. N Engl J Med 2013; 369: 
1327-1335.

[92] Green JB, Bethel MA, Armstrong PW, Buse JB, 
Engel SS, Garg J, Josse R, Kaufman KD, Koglin 
J, Korn S, Lachin JM, McGuire DK, Pencina MJ, 
Standl E, Stein PP, Suryawanshi S, Van de Werf 
F, Peterson ED, Holman RR; TECOS Study 
Group. Effect of sitagliptin on cardiovascular 
outcomes in type 2 diabetes. N Engl J Med 
2015; 373: 232-242.

[93] Pfeffer MA, Claggett B, Diaz R, Dickstein K, 
Gerstein HC, Kober LV, Lawson FC, Ping L, Wei 
X, Lewis EF, Maggioni AP, McMurray JJ, Probst-
field JL, Riddle MC, Solomon SD, Tardif JC; 
ELIXA Investigators. Lixisenatide in patients 
with type 2 diabetes and acute coronary syn-
drome. N Engl J Med 2015; 373: 2247-2257.

[94] Dore DD, Seeger JD, Chan KA. Incidence of 
health insurance claims for thyroid neoplasm 
and pancreatic malignancy in association with 
exenatide: signal refinement using active safe-
ty surveillance. Ther Adv Drug Saf 2012; 3: 
157-164.

[95] Romley JA, Goldman DP, Solomon M, McFad-
den D, Peters AL. Exenatide therapy and the 
risk of pancreatitis and pancreatic cancer in a 
privately insured population. Diabetes Technol 
Ther 2012; 14: 904-911.

[96] Funch D, Gydesen H, Tornoe K, Major-Peders-
en A, Chan KA. A prospective, claims-based as-
sessment of the risk of pancreatitis and pan-
creatic cancer with liraglutide compared to 
other anti-diabetic drugs. Diabetes Obes 
Metab 2014; 16: 273-275.

[97] Gokhale M, Buse JB, Gray CL, Pate V, Marquis 
MA, Sturmer T. Dipeptidyl-peptidase-4 inhibi-
tors and pancreatic cancer: a cohort study. Di-
abetes Obes Metab 2014; 16: 1247-1256.

[98] Knapen LM, van Dalem J, Keulemans YC, van 
Erp NP, Bazelier MT, De Bruin ML, Leufkens 
HG, Croes S, Neef C, de Vries F, Driessen JH. 
Use of incretin agents and risk of pancreatic 
cancer: a population-based cohort study. Dia-
betes Obes Metab 2016; 18: 258-265.

[99] Biadgo B, Abebe M. Type 2 diabetes mellitus 
and its association with the risk of pancreatic 
carcinogenesis: a review. Korean J Gastroen-
terol 2016; 67: 168-177.


