SAGE Open Medicine

Original Article

SAGE Open Medicine
Type 2 diabetes mellitus is associated with R;@Th;\zimrgfzé.i
increased risk of pancreatic cancer: sgepub coukloumlsbermissionsay
A veteran administration registry study T S AGE

Issam Makhoul', Abdulraheem Yacoub? and Eric Siegel3

Abstract

Background: The etiology of pancreatic cancer remains elusive. Several studies have suggested a role for diabetes mellitus,
but the magnitude of its contribution remains controversial.

Objectives: Utilizing a large administrative database, this retrospective cohort study was designed to investigate the
relationship between type 2 diabetes mellitus and pancreatic cancer.

Patients and design: Using the Veterans Integrated Services Network |6 database, 322,614 subjects were enrolled in the
study, including 110,919 with type 2 diabetes mellitus and 211,695 diabetes-free controls matched by gender, year of birth
and healthcare facility.

Results: A significantly higher incidence of pancreatic cancer was observed in patients with type 2 diabetes mellitus, with
an adjusted hazard ratio (95% confidence interval) of 2.17 (1.70-2.77) for type 2 diabetes mellitus compared to controls
(p<107%) after controlling for the matching factors.

Conclusion: The association between type 2 diabetes mellitus and pancreatic cancer was statistically significant and may, in
part, explain the rising incidence of pancreatic cancer.

Keywords
Pancreatic cancer, hyperinsulinemia, type 2 diabetes mellitus, pancreatic cancer-induced diabetes mellitus

Date received: 3 July 2016; accepted: 24 October 2016

Introduction (T2DM). Growing evidence implicates hyperinsulinemia,
with or without hyperglycemia, as a risk factor for develop-
ing PC. Hyperinsulinemia is characteristic of early T2DM,?
as compared to late T2DM. Another possibility to explain
this paradox might be reverse causality. Under this scenario,
some of the DM cases are induced by PC, and since survival
beyond 5 years is very rare in PC, we do not see this associa-
tion past Syears. This study was designed to evaluate the
incidence of PC in large cohorts of patients with and without

Pancreatic cancer (PC) is the fourth leading cause of cancer
death in the United States, with more than 40,560 expected
PC-related deaths out of 48,960 cases of PC in 2015." The
etiology of PC remains elusive. An association with diabetes
mellitus (DM) has been suggested, but a consensus has not
been reached.

Several meta-analyses”>”’ showed that individuals with
DM have a twofold greater relative risk (RR) of developing
PC than non-diabetics. The paradox that remained unan-
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Table I. Patient characteristics.

T2DM
110,919

Gender
Female
Male
Documented diagnosis of
tobacco use disorder
Year of birth
Median
Quartiles
Range
Age when follow-up began
Median
Quartiles
Range

2540 (2.29%)
108,379 (97.71%)
11,840 (10.67%)

1939
1929-1947
1911-1985

64years
56-73 years
21-96years

Controls Total
211,695 322,614

4878 (2.30%) p=0.8047
206,817 (97.70%)

23,094 (10.91%) p=0.0420
1939 p<0.0001
1929-1947
1911-1987
62years p<0.0001
54-7 | years
19-94years

T2DM: type 2 diabetes mellitus.

T2DM. The temporal relationship of the clinical diagnosis of
DM and the diagnosis of PC was also evaluated.

Patients and methods

This study was approved by the Institutional Review Board
of the Central Arkansas Veterans Healthcare Services
(CAVHS) facility in Little Rock, AR. It is a retrospective
cohort study utilizing the healthcare database maintained by
the Veterans Integrated Services Network 16 (VISNI16),
which consists of 10 Veterans Health Administration (VHA)
hospitals in the south-central United States. There were two
planned cohorts in this study: (1) patients diagnosed with
T2DM between 1 October 1996 and 31 March 2009 and (2)
a control cohort of subjects with no diabetes history matched
to T2DM patients by year of birth (YOB), gender and VHA
hospital at a ratio of 2:1 whenever possible, or 1:1 otherwise.
T2DM was defined by the treating physicians and was coded
accordingly in the electronic medical record (EMR). Subjects
were enrolled into a DM cohort if their EMR contained an
International Classification of Diseases, 9th edition (ICD-9)
code ranging from 250.00 to 250.93 and further classified as
T2DM if the final digit of this ICD-9 code was even (0 or 2).
Patients who carried T2DM diagnosis in their records and
were on insulin were excluded from the study. Because VHA
hospitals do not routinely record smoking history, subjects
were instead classified for smoking status using “tobacco
abuse disorder” (ICD-9 code 305.1) as a surrogate variable.
Alcohol consumption data were not abstracted due to incon-
sistency in their reporting in the EMR.

Members of the DM cohort were entered into the study on
the date of their DM diagnosis, whereas members of the con-
trol cohort were entered into the study on the date of their
entry into the VISN16 database. To eliminate cases in which
DM may have been induced by occult PC, we conducted a
landmark analysis® by requiring subjects to have a minimum

of 365 cancer-free days on study. When individual subjects
failed this criterion, those individuals were excluded, but not
the subjects matched to them. Those who survived past the
365-day landmark, denoting the end of the washout period,
were followed from this landmark for the development of PC,
with censoring at the date of death or last contact if no PC had
developed. Incidence during follow-up was computed for
each group and was defined as the number of PC occurrences
divided by the total follow-up time and expressed as the num-
ber of occurrences per million person-years (MPY). The
T2DM and control groups were compared for their difference
in PC incidence, first by crude PC-rate ratio, then by stratified
Cox regression with YOB, gender and VHA hospital as the
stratification factors. Incidences of PC during each year of
follow-up were computed via life-table methods and com-
pared between groups on a year-by-year basis via pooled
Z-test for the difference between two proportions. Differences
in gender, YOB, age when follow-up began and prevalence of
tobacco abuse disorder were compared between groups via
Wilcoxon rank-sum test or Fisher’s exact test. All tests were
two-sided and employed a 5% alpha significance level using
Excel 2007 (Microsoft Corp., Redmond, WA) and SAS v9.1
(The SAS Institute, Cary, NC).

Results

Our database search showed that 322,614 subjects met the
study inclusion criteria and survived free of cancer through
the 365-day washout period, including 110,919 T2DM sub-
jects and 211,695 controls (Table 1). Cohorts remained
remarkably well-matched for gender after the washout, with
2.29% females in the T2DM group versus 2.30% females in
the control group (p=0.80). With respect to YOB, cohorts
also remained well-matched after the washout, with equal
medians, quartiles and minimums; the comparison p-value
of p<0.0001 was low only because of the massive sample
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Table 2. Results.

T2DM Controls Total
110,919 211,695 322,614
Follow up in person-years 558,142.91 1,298,683.39
Pancreatic cancer cases 124 140

PC incidence per million person-
years (MPY) (95% CI?)

222.2 (184.8-262.9) 107.8 (90.7-126.4)

Adjusted HR® (95% Cl? ):
2.17 (1.70-2.77) p< 10

T2DM: type 2 diabetes mellitus; Cl: confidence interval; HR: hazard ratio; PC: pancreatic cancer; VHA: Veterans Health Administration.

295% confidence interval.

bAdjusted hazard ratio (HR) for PC incidence in T2DM versus controls, calculated via stratified Cox regression with gender, year of birth and VHA facility

as the stratification factors.
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*Year after the 365-day landmark. TNumber of pancreatic cancers during the indicated Year® of follow-up. $Number still at risk at the end
of the indicated Year* of follow-up. Bar heights are calculated from these numbers via life-table methods. Error bars denote 95%
confidence limits calculated from asymptotic standard errors of bar heights.

Figure |. The difference in the incidence of PC remained higher in T2DM than in controls, with respective PC-incidence ratios
(p-values) of 1.89 (0.020), 2.56 (0.0017), 2.41 (0.0045), 2.00 (0.034) and 4.17 (0.0003) in the first, second, third, fourth and fifth year
of follow-up after the 365-day landmark, respectively. Although DM patients continued to have higher PC incidence during the sixth
through ninth year of follow-up, differences between the PC and control groups were not statistically significant.

sizes in each group. Cohorts also remained well-matched
with respect to VHA facility after the washout (data not
shown). The ICD-9-documented prevalence of tobacco
abuse disorder, 10.67% in T2DM versus 10.91% in controls
(p=0.042), was remarkably equal between groups despite
the fact that it was not a matching factor. T2DM subjects
tended to be 2 years older than their controls when follow-up
began (p<0.0001).

Table 2 shows details of PC development during follow-
up. The T2DM cohort had 124 PCs develop during
0.558 MPY of follow-up (222 PCs/MPY), whereas the con-
trol cohort had 140 PCs develop during 1.299 MPY of fol-
low-up (108 PCs/MPY), yielding a crude PC-incidence ratio
(95% confidence interval (CI)) of 2.06 (1.62-2.62) for

T2DM compared to controls. Comparing PC incidence
between groups via stratified Cox regression with stratifica-
tion on the matching factors yielded an adjusted hazard ratio
(HR) (95% CI) of 2.17 (1.70-2.77) for T2DM compared to
controls (chi-square=38.9, df=1, p<107?) (Table 2).

The increased incidence of PC in the T2DM cohort per-
sisted in the first few years after clinical diagnosis of T2DM.
The increased incidence remained in our cohorts through the
ninth year, but became statistically insignificant after the
fifth year, either due to the high rate of dropout with follow-
up or due to a more biologic mechanism, as discussed later
(Figure 1).

There were 62 PCs diagnosed in the T2DM cohort during
the 365-day washout (505/MPY). These were not included in
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Hypothetical incidence of PC

Hyperinsulinemia in TZ2DM

PCin T2DM 4

Insulin level changes over time

Figure 2. In this figure the authors speculate based on their results about a possible relationship between hyperinsulinemia, T2DM,
age and PC. Hyperinsulinemia precedes the rise in incidence of PC by many years. As hyperinsulinemia regresses with the advancement
of T2DM, its contribution as a risk factor for PC diminishes while the role of age increases at the same time. The net result is still high
incidence of PC, but it is not as high as during the early phase of T2DM and it is not statistically different from its incidence in controls
where the effect of age is the main factor. Cases of PC-induced DM were excluded from the analysis. We have not measured insulin
levels in this study, but we used information from other publications to build our model.3!-33 PC: pancreatic cancer; there are two
y-axes: the first to the left of the figure illustrates the incidence of pancreatic cancer. The second, to the right, represents insulin level.

The x-axis represents age.

the above analysis since they may represent the phenomenon
of PC-induced DM or type 3¢ diabetes mellitus (T3cDM). 10

Discussion

Recent cohort studies have identified positive associations
between obesity, hyperglycemia, physical inactivity and the
increased risk of developing PC.® These findings collectively
suggest that an abnormal insulin and/or glucose metabolism
may be important and indirectly support the hypothesis that
hyperinsulinemia contributes to the pathogenesis of PC.

Animal and in vitro studies lend strong evidence to the
role of insulin in PC. Experimental studies have shown that
insulin has growth-promoting and mitogenic effects on
hamster,!! rat acinar!2 and human PC cell lines in vitro.!3-19
There is evidence that PC cells express insulin receptors.!!-13
Insulin can also activate the insulin-like growth factor I
(IGF-I) receptor, which is found on PC cells and is known to
have growth-promoting effects including modulation of
cell-cycle progression.2? Hamsters pretreated with strepto-
zotocin, which lowers insulin secretion by damaging pan-
creatic beta cells, showed a reduced incidence of
carcinogen-induced PC.21:22 Similarly, caloric restriction,
which decreases daily insulin secretion, also inhibits the
induction of PC in hamsters,12:23.24

Studies of the unique vascular supply of the pancreas
have shown that the exocrine parenchyma is bathed in high
concentrations of islet hormones and is the first target tissue
for islet hormone action. The periacinar physiologic concen-
trations of insulin are estimated to be at least 20-fold higher

than those found in systemic circulation.?® Patients with
T2DM are known to have periods of hyperinsulinemia dur-
ing the early stages of their disease'® up to twice the normal
concentrations of insulin in the blood, which essentially
translates into chronic exposure of the exocrine parenchyma
to even higher concentrations of insulin within the pancreas.
Prolonged and continued exposure to persistently high levels
of insulin may serve as a chronic trophic stimulus for the
exocrine pancreas that leads to increased risk of PC during
the hyperinsulinemia phase. When the beta islet cells “burn
out” and patients become dependent on exogenous insulin,
this trophic effect is expected to decrease with the depletion
of the endogenous insulin, leading to decreased risk of PC in
this population with time.” This study has shown an inci-
dence pattern of PC that might lend support to this hypothe-
sis, thereby suggesting a role for hyperinsulinemia in the
genesis of PC and adding to findings from other studies?
(see below). However, some case-control studies reached
different conclusions suggesting similar PC risk across dif-
ferent duration of DM.?’

We excluded the 62 cases of PC that occurred in the T2DM
group (of the 122,850 at risk; 50.4 per 100,000) during the
initial 365-day washout period. During the same period, only
37 cases (of the 229,899 at risk; 16.18 per 100,000) were
diagnosed in the control arm. We speculate that the 34.22 per
100,000-case difference between these groups might, in part,
be related to reverse causality, that is, PC caused the DM
(T3cDM), not the opposite. The one mechanism invoked to
explain this association implicates a diabetogenic substance
(islet amyloid polypeptide—IAPP—or amylin) released by
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the PC, the resection of which can, in some cases, lead to
improvement and resolution of DM.28-30 Other possibilities
include the atrophy of the normal pancreas that is usually
associated with PC. It is very likely that this group of 62
patients contains a mixture of T2DM and T3cDM. Assuming
that the incidence of DM-induced PC remains stable and sim-
ilar during years 1-5, it is possible that two-fifths of those 62
patients had T3cDM.

Although PC incidence was elevated 1.89-fold in the first
year of follow-up compared to controls, the ratio of HR of
PC incidence among T2DM patients compared to controls
increased to 2.5 in the second year, and remained above 2.0
through the seventh year before declining to 1.86 and 1.76 in
the eighth and ninth year, respectively; however, the statisti-
cal significance of these differences failed to be maintained
after the fifth year, due undoubtedly to insufficient sample
sizes (i.e. not enough PC cases per year) from the sixth year
onward. This increase and then decline of PC HR suggest
that the risk of PC is not cumulative and is associated, not
with the duration of DM, but with another factor that has a
similar dynamic course, that is, rising during the early phase
of T2DM then declining after the early few years. It is pos-
sible that this factor is hyperinsulinemia as suggested by
Stolzenberg-Solomon et al.26 However, it is likely that the
increase in the incidence of PC in the control group starting
on year 6 onward is related to age, which is a well-accepted
risk factor for PC. A similar age effect is at work in the
T2DM group and explains the high incidence of PC in this
group as well, but it does not differ significantly from the
control group (Figures 1 and 2).

The results from the Finnish case-cohort prospective
study conducted within the Alpha-Tocopherol, Beta-
Carotene Cancer (ATBC) Prevention Study of 29,000 male
smokers, aged 50-69 years, support a strong role for hyper-
insulinemia and hyperglycemia as a risk factor for PC.2
Baseline blood samples collected in the mid-80s were used
to determine fasting serum glucose and insulin levels as well
as insulin resistance. After 17 years, 169 men developed PC,
yielding a twofold increase in the risk of developing PC
among subjects with the highest fasting serum insulin/glu-
cose levels compared to those with the lowest levels. In con-
trast to this study, the Finnish study showed that the
association was stronger, and the risk of PC increased with
longer follow-up time. It is worth noting that the Finnish
study started the follow-up long time before the diagnosis of
clinical DM, and the risk of PC was not evaluated before and
after the diagnosis of DM. It is possible that the diagnosis of
DM in the Finnish study occurred during the last 5—7 years of
the study follow-up since it is known that clinical diabetes is
preceded by 7—10years of occult hyperglycemia and hyper-
insulinemia. This study started the follow-up from the point
of DM diagnosis. Alternatively, reverse causality may
explain the association of PC with new onset DM.** In a
large database study that included 1 million subjects, Tseng
found that hyperlipidemia rather than DM was significantly

associated with the diagnosis of PC. The main flaw of
Tseng’s study was the short follow-up, which was limited to
3years.

The role of other risk factors such as alcohol could not be
explored in this study due to major inconsistency in collect-
ing this information in the database that we used. Since this
study is retrospective with practical impossibility to collect
reliable data about alcohol consumption and in the presence
of excellent prospective studies®>—37 that addressed this issue,
we feel that this study is not the best context to answer this
question. Furthermore, the fact that heavy alcohol use is
associated with increased risk of PC in smokers?¢ only and
the number of smokers in this study was balanced between
the DM and control groups, we feel that even if the informa-
tion about alcohol consumption was available it would not
have changed our conclusions. The role of sex was not
addressed in this study either due to the small number of
female in the study population and, hence to insufficient
power to perform reliable comparisons. Furthermore, data
on chronic pancreatitis, a known risk factor for PC, were not
available for further analysis of its role and possible interac-
tion with DM.

The role of oral antidiabetic agents has been explored in
many retrospective epidemiologic studies. A recent meta-
analysis showed that the use of sulfonylurea significantly
increases the risk of developing PC (by 70%), but there was
no significant association between metformin, insulin or
use of thiazolidinediones and the risk of developing PC.38
Many methodological and design flaws plagued these stud-
ies, though; therefore, definitive conclusions could not be
drawn. However, it is possible that metformin may have a
protective role against PC or a therapeutic role after the
diagnosis of PC due to its modulatory effect on the micro-
environment.3%39-42 Statins were found to have a protective
effect against PC.#3

Conclusion

We examined the incidence of PC in patients with T2DM.
This study showed a significantly higher incidence of PC in
patients with T2DM (HR: 2.17) after controlling for known
risk factors. The significant association was mostly observed
in the first 5Syears of follow-up after the diagnosis of DM.
These results strongly suggest a possibility for an etiologic
role of T2DM in the pathogenesis of PC.#445

The implications of the findings of this study on public
health are clear. The incidence of obesity, metabolic syn-
drome and T2DM is rising and may explain the rising inci-
dence of PC in the United States and other developed
countries. Hence, any preventative program for PC must
address these risk factors. Chemoprevention using drugs
that decrease insulin resistance and hyperinsulinemia may
have a role in preventing PC. Data to support this hypoth-
esis, however, are lacking, and research in this area is
needed.



SAGE Open Medicine

Acknowledgements

The authors thank the CAVHS for its support in providing access to
its database and its administrative support. Authors also thank
Dorothy Graves for reviewing this manuscript.

Author contribution

M. helped in the study idea, protocol writing, data analysis and
manuscript writing. A.Y. helped in the protocol writing, data col-
lection and analysis. E.S. helped in the protocol writing, data analy-
sis, statistical analysis and manuscript writing.

Availability of data and materials

A request was submitted to the VA to allow us to share the dataset
that was used to conduct our analysis. The VA refused “because it
contains protected health information and it is not feasible without
funding to create a de-identified dataset.” Readers who are inter-
ested in more information about these analyses may contact the
author.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship and/or publication of this article.

Ethical approval

The CAVHS Institutional Review Board has reviewed this study
and granted it the “exempt from individual consent” status, as it is a
retrospective database review with partially de-identified data (only
date of birth of the subjects was left in the dataset). Consequently, no
individual consent was needed. The investigators did not have direct
access to the actual medical records and all information provided to
them was in the partially de-identified format. Ethical approval for
this study was granted by Central Arkansas Veteran Health System
Institutional Review Board as low risk study because the study is a
database review with de-identified data.

Funding

This study was supported administratively by the Central Arkansas
Veterans Healthcare System (CAVHS), but no funding was pro-
vided by the agency.

Informed consent

Written informed consent was waived because this study is a data-
base review with de-identified data.

References

1. Siegel RL, Miller KD, Jemal A, et al. Cancer statistics, 2015.
CA Cancer J Clin 2015; 65: 5-29.

2. Everhart J and Wright D. Diabetes mellitus as a risk factor
for pancreatic cancer: a meta-analysis. JAMA 1995; 273:
1605-16009.

3. Huxley R, Ansary-Moghaddam A, Berrington de Gonzalez A,
et al. Type-II diabetes and pancreatic cancer: a meta-analysis
of 36 studies. Br J Cancer 2005; 92: 2076-2083.

4. Song S, Wang B, Zhang X, et al. Long-term diabetes melli-
tus is associated with an increased risk of pancreatic cancer: a
meta-analysis. PLoS ONE 2015; 10: e0134321.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Batabyal P, Vander Hoorn S, Christophi C, et al. Association
of diabetes mellitus and pancreatic adenocarcinoma: a meta-
analysis of 88 studies. Ann Surg Oncol 2014; 21: 2453-2462.
Bosetti C, Rosato V, Li D, et al. Diabetes, antidiabetic medi-
cations, and pancreatic cancer risk: an analysis from the
International Pancreatic Cancer Case-Control Consortium.
Ann Oncol 2014; 25: 2065-2072.

Elena JW, Steplowski E, Yu K, et al. Diabetes and risk of pan-
creatic cancer: a pooled analysis from the pancreatic cancer
cohort consortium. Cancer Causes Control 2013; 24: 13-25.
Westley RL and May FE. A twenty-first century cancer epi-
demic caused by obesity: the involvement of insulin, diabetes,
and insulin-like growth factors. /nt J Endocrinol 2013; 2013:
632461 (37 pp.).

Anderson JR, Cain KC and Gelber RD. Analysis of survival
by tumor response. J Clin Oncol 1983; 1: 710-719.

Slezak LA and Andersen DK. Pancreatic resection: effects on
glucose metabolism. World J Surg 2001; 25: 452-460.

Fisher WE, Muscarella P, Boros LG, et al. Variable effect of
streptozotocin-diabetes on the growth of hamster pancreatic
cancer (H2T) in the Syrian hamster and nude mouse. Surgery
1998; 123: 315-320.

Mossner J, Logsdon CD, Williams JA, et al. Insulin, via its
own receptor, regulates growth and amylase synthesis in pan-
creatic acinar AR42]J cells. Diabetes 1985; 34: 891-897.
Fisher WE, Boros LG and Schirmer WJ. Reversal of enhanced
pancreatic cancer growth in diabetes by insulin. Surgery 1995;
118: 453-458.

Takeda Y and Escribano MJ. Effects of insulin and somato-
statin on the growth and the colony formation of two human
pancreatic cancer cell lines. J Cancer Res Clin Oncol 1991;
117: 416-420.

Kornmann M, Maruyama H, Bergmann U, et al. Enhanced
expression of the insulin receptor substrate-2 docking protein
in human pancreatic cancer. Cancer Res 1998; 58: 4250-4254.
Ding XZ, Fehsenfeld DM, Murphy LO, et al. Physiological
concentrations of insulin augment pancreatic cancer cell pro-
liferation and glucose utilization by activating MAP kinase,
PI3 kinase and enhancing GLUT-1 expression. Pancreas
2000; 21: 310-320.

Beauchamp RD, Lyons RM, Yang EY, et al. Expression of
and response to growth regulatory peptides by two human
pancreatic carcinoma cell lines. Pancreas 1990; 5: 369-380.
Wang F, Larsson J, Adrian TE, et al. In vitro influences
between pancreatic adenocarcinoma cells and pancreatic
islets. J Surg Res 1998; 79: 13—-19.

Liehr RM, Melnykovych G and Solomon TE. Growth effects of
regulatory peptides on human pancreatic cancer lines PANC-1
and MIA PaCa-2. Gastroenterology 1990; 98: 1666-1674.
Bergmann U, Funatomi H, Yokoyama M, et al. Insulin-like
growth factor I overexpression in human pancreatic cancer:
evidence for autocrine and paracrine roles. Cancer Res 1995;
55:2007-2011.

Bell RH Jr and Strayer DS. Streptozotocin prevents develop-
ment of nitrosamine-induced pancreatic cancer in the Syrian
hamster. J Surg Oncol 1983; 24: 258-262.

Pour PM, Kazakoff K and Carlson K. Inhibition of streptozo-
tocin-induced islet cell tumors and N-nitrosobis(2-oxopropyl)
amine-induced pancreatic exocrine tumors in Syrian hamsters
by exogenous insulin. Cancer Res 1990; 50: 1634—1639.



Makhoul et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Roebuck BD, Yager JD Jr, Longnecker DS, et al. Promotion
by unsaturated fat of azaserine-induced pancreatic carcinogen-
esis in the rat. Cancer Res 1981; 41: 3961-3966.

Roebuck BD, Baumgartner KJ and MacMillan DL. Caloric
restriction and intervention in pancreatic carcinogenesis in the
rat. Cancer Res 1993; 53: 46-52.

Hennig R, Ding XZ and Adrian TE. On the role of the islets of
Langerhans in pancreatic cancer. Histol Histopathol 2004; 19:
999-1011.

Stolzenberg-Solomon RZ, Graubard BI, Chari S, et al. Insulin,
glucose, insulin resistance, and pancreatic cancer in male
smokers. JAMA 2005; 294: 2872-2878.

Henry SA, Prizment AE and Anderson KE. Duration of dia-
betes and pancreatic cancer in a case-control study in the
Midwest and the lowa Women’s Health Study (IWHS) cohort.
JOP 2013; 14: 243-249.

Basso D, Valerio A, Seraglia R, et al. Putative pancreatic
cancer-associated diabetogenic factor: 2030 MW peptide.
Pancreas 2002; 24: 8—-14.

Leighton B and Cooper GJ. Pancreatic amylin and calcitonin
gene-related peptide cause resistance to insulin in skeletal
muscle in vitro. Nature 1988; 335: 632—635.

Sowa R, Sanke T, Hirayama J, et al. Islet amyloid polypep-
tide amide causes peripheral insulin resistance in vivo in dogs.
Diabetologia 1990; 33: 118-120.

Fonseca VA. Defining and characterizing the progres-
sion of type 2 diabetes. Diabetes Care 2009; 32(Suppl. 2):
S151-S156.

UK Prospective Diabetes Study Group. UK prospective diabe-
tes study 16: overview of 6 years’ therapy of type Il diabetes:
a progressive disease. Diabetes 1995; 44(11): 1249-1258.
Turner RC, Cull CA, Frighi V, et al.; UK Prospective Diabetes
Study (UKPDS) Group. Glycemic control with diet, sulfo-
nylurea, metformin, or insulin in patients with type 2 diabe-
tes mellitus: progressive requirement for multiple therapies
(UKPDS 49). JAMA 1999; 281(21): 2005-2012.

Tseng CH. New-onset diabetes with a history of dyslipidemia
predicts pancreatic cancer. Pancreas 2013; 42: 42-48.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Rahman F, Cotterchio M, Cleary SP, et al. Association
between alcohol consumption and pancreatic cancer risk: a
case-control study. PLoS ONE 2015; 10: ¢0124489.

Libby G, Donnelly LA, Donnan PT, et al. New users of
metformin are at low risk of incident cancer: a cohort study
among people with type 2 diabetes. Diabetes Care 2009; 32:
1620-1625.

Wang YT, Gou YW, Jin WW, et al. Association between alco-
hol intake and the risk of pancreatic cancer: a dose-response
meta-analysis of cohort studies. BMC Cancer 2016; 16: 212.
Singh S, Singh PP, Singh AG, et al. Anti-diabetic medications
and risk of pancreatic cancer in patients with diabetes mellitus:
a systematic review and meta-analysis. Am J Gastroenterol
2013; 108: 510-519.

Incio J, Suboj P, Chin SM, et al. Metformin reduces desmo-
plasia in pancreatic cancer by reprogramming stellate cells
and tumor-associated macrophages. PLoS ONE 2015; 10:
e0141392.

Amin S, Mhango G, Lin J, et al. Metformin improves sur-
vival in patients with pancreatic ductal adenocarcinoma
and pre-existing diabetes: a propensity score analysis. Am J
Gastroenterol 2016; 111: 1350-1357.

Choi Y, Kim TY, Oh DY, et al. The impact of diabetes mellitus
and metformin treatment on survival of patients with advanced
pancreatic cancer undergoing chemotherapy. Cancer Res
Treat 2016; 48: 171-179.

De Souza A, Khawaja KI, Masud F, et al. Metformin and pan-
creatic cancer: is there a role? Cancer Chemother Pharmacol
2016; 77: 235-242.

Chen MJ, Tsan YT, Liou JM, et al. Statins and the risk of pan-
creatic cancer in type 2 diabetic patients—a population-based
cohort study. Int J Cancer 2016; 138: 594-603.

Bergman RN and Ader M. Free fatty acids and pathogenesis of
type 2 diabetes mellitus. Trends Endocrinol Metab 2000; 11:
351-356.

Kahn SE. The importance of the beta-cell in the pathogenesis
of type 2 diabetes mellitus. Am J Med 2000; 108(Suppl. 6a):
2S-8S.





