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Abstract

Background: Pancreatic cancer and type 2 diabetes mellitus have been found to be interrelated, with emerging
evidence suggesting that metformin may have a chemoprotective role in reducing the risk of pancreatic cancer
in patients with diabetes. Methods: A comprehensive systematic search was conducted across databases,
including PubMed, Web of Science, and the Cochrane Library. The search terms included “metformin,”
“biguanide,” “pancreatic cancer,” “pancreatic tumor,” and “diabetes mellitus” in the title and abstract fields.
Results: A meta-analysis of 18 studies using a random-effects model showed that metformin use was associated
with a reduced risk of pancreatic cancer in patients with type 2 diabetes, compared to those who did not use
metformin. Conclusion: This review highlights the chemoprotective effect of metformin in reducing the risk of
pancreatic cancer among diabetic patients. Further research is needed to explore the mechanisms behind this
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association and to confirm these findings.
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Introduction

Pancreatic cancer ranks 14th in the global cancer
incidence rate and 7th in the global cancer mortality
according to GLOBOCAN 2020 statistics [1]. Pancreatic
cancer is highly malignant in nature and high incidence of
mortality with 495,733 new cases of pancreatic cancer are
diagnosed each year worldwide and 466,003 deaths [1].
Surgery is the main modality of treatment for carcinoma
Pancreas patients with 5 years survival rate of 15% to
25% [2]. Pancreatic cancer is the cause of high rate of
mortality. Type 2 Diabetes mellitus is another leading
cause of significant morbidity and mortality owing to a
global increase in its incidence. Over 1 million deaths
per year can be attributed to diabetes alone, making it the
ninth leading cause of mortality. Its prevalence is predicted
to reach up to 700 million by 2045 [3]. It is projected
that by 2045, the prevalence of T2 Type2 Diabetes
melittus could reach as high as 700 million individuals.
While long-standing diabetes has been associated with a
relatively modest risk for pancreatic cancer (Pancreatic
cancer), the emergence of new-onset diabetes mellitus
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(NOD), particularly after the age of 50, is frequently
seen as an early warning sign of an underlying pancreatic
cancer [4].

Early identification of risk factors of carcinoma
Pancreas i.e. smoking, drinking, obesity, diabetes,
pancreatitis, and pancreatic cancer family history and
early interventions to prevent these risk factors and in
high risk individuals helps in reducing incidence and
mortality of this deadly cancer [5]. Pancreatic cancer and
diabetes mellitus have been subjects of significant research
interest due to their complex relationship. While there is
still some disagreement on the precise link between the
duration of diabetes and the risk of pancreatic cancer,
numerous studies have consistently shown that the risk
of developing pancreatic cancer is notably higher in
patients with diabetes [6]. Given the context provided, our
objective is to conduct a comprehensive literature review
to understand the intricate and multifaceted connection
between diabetes and pancreatic cancer (Pancreatic
cancer).
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Metformin, as a first-line drug for type 2 diabetes
mellitus, has garnered considerable attention due to
its potential role in reducing mortality in patients with
pancreatic cancer . Several studies have indicated that
patients with pancreatic cancer who were treated with
metformin experienced a significant improvement in
overall survival period and 5-year survival rates when
compared to those who received other antidiabetic drugs
or did not use metformin at all [7].

The goal of this review article is to provide a more
detailed and rigorous investigation into the connection
between the use of metformin in diabetes patients and
the incidence rate of pancreatic cancer. By analyzing the
collective evidence from various studies, the researchers
hope to shed further light on the potential impact of
metformin in pancreatic cancer development among
individuals with diabetes. This research could have
implications for clinical practice and possibly contribute to
better management and prevention strategies for pancreatic
cancer in diabetic patients. Given the context provided, our
objective is to conduct a comprehensive literature review
to understand the intricate and multifaceted connection
between diabetes and Pancreatic cancer.

Materials and Methods

This paper is based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).
An electronic search on PubMed, Web of Science,
Cochrane Library, databases, using the keywords
“metformin” OR “biguanide” AND “pancreatic cancer”
OR “pancreatic tumor” in “Title/ Abstract”AND “diabetes
mellitus” was done.

Inclusion criteria

We took only case—control or cohort study of 10 year
period between 2013 to 2023 were taken for review.
Reporting or including studies on the association between
metformin use and pancreatic cancer risk; reporting the
Relative Risk (RR), Hazard Ratio (HR) or Odds Ratio
(OR) and 95% confidence interval (CI) of pancreatic
cancer, or providing data that we can calculate them.
Only those articles which were original resarch article for
which free full text was available were taken. Studies those
were in english language were only taken up for review.

Exclusion criteria

Cross-sectional studies; duplicated studies; preclinical
studies (such as in vivo studies, primary studies, and animal
studies); abstracts, case reports, reviews, conferences,
letters, and books; only showing the relationship between
metformin and pancreatic cancer mortality were excluded.
Studies lacking necessary data. Studies with language
other than english were excluded. Studies without free
access were excluded.

Results

After thorough research via electronic search total
1275 articles were obtained by preliminary search. Only

114 articles were selected after reading title and abstract.
Out of them only 17 article were taken up for review after
reading the full text and were consistent with our search
(Table 1). Out of them two were prospective studies.
Twelve were retrospective studies and four were case
control studies. Eight studies showed protective benefit
of metformin for Pancreatic cancer.i.e. study by Amin
et al.2017, [8] Yang et al.2022, [9] Cheon et al. 2014,
[10] Choi et al.2016, [11] Lee et al. 2018, [12] Lin et al.
2015, [13] You et al.2020, [14] Lu et al.2015 [15]. All the
studies that were chosen presented findings regarding the
connection between metformin usage and the likelihood of
developing pancreatic cancer. However, it’s worth noting
that the comparison drugs used as reference points in these
studies were not the same. Eight studies showed p value
for metformin not statistically significant for improved
survival in diabetic patient with pancreatic cancer.i.e study
by Ambe et al. 2016, [16] Chaiteerakij et al. 2016, [17] De
Jong et al.2017, [18] Farmer et al.2019, [19] Frouws et
al.2016, [20] Hwang et al. 2013, [21] Walker et al.2014,
[22] Wang et al.2013 [21]. One studies showed use of
metformin is associated with increase risk of Pancreatic
cancer in diabetic patients.i.e Oh et al.2020 [23].

Overall analysis

An overall analysis of 17 articles by use of random
effect model showed that compared with no use of
metformin, the use of metformin could reduce the risk of
pancreatic cancer in patients with type 2 diabetes.

Discussion

Pancreatic cancer is associated with poor prognosis.
Type2 Diabetes melittus is known as the most common
risk factor of Pancreatic cancer. A meta-anyalsis by Ling
et al. [24] suggested an increased Pancreatic cancer related
mortality with T2 Type2 Diabetes melittus (relative risk
[RR] 1.67;[95%CI: 1.30-2.14]) [8]. Obesity and smoking
are two most common independent factors associated
with Pancreas cancer even after adjusting these two
factors which are independently most common factors of
Pancreatic cancer still Type2 Type2 Diabetes melittus is
an important risk factor of Pancreas cancer. Mendelian
randomization studies examining the potential link
between long-standing type 2 diabetes and pancreatic
cancer have produced mixed results [25]. While some
studies suggest a connection, others do not. A pooled
analysis of these studies by Yuan et al. found a modestly
increased risk of pancreatic cancer in long-standing
diabetes patients, but more research is needed to confirm
this association [26].

Biomarkers play a crucial role in early diagnosis
of Pancreatic cancer among Type2 Diabetes melittus
patients. A study found that patients with pancreatic
cancer and diabetes mellitus (DM) exhibited elevated
levels of glucagon when stimulated by glucose, implying
that glucagon could serve as a potential biomarker [27].
Murakami et al. suggested that a serum CA19-9 level
cutoff of 75 U/mL can effectively differentiate between
individuals with diabetes with or without pancreatic
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Table 1. Results of Various Studies Taken for Review

First author name, year Study design No.of cases

No. Of controls ~ Study period Results

Ambe et al. 2016 [16] Prospective study 19

Amin et al. 2017 [8] Prospective study 1098

Chaiteerakij et al. 2016 [17] Retrospective study 366

Yang et al.2022 [9] Retrospective cohort study 76

Cheon et al. 2014 [10] Retrospective cohort study 65

Choi et al. 2016 [11] Retrospective cohort study 56

De Jong et al. 2017 [18] Cohort 37,215

Farmer et al. 2019 [19] Cohort 6105

Frouws et al. 2016 [20] Retrospective cohort study 77

Hwang et al. 2013 [21] Retrospective cohort study 247

Lee et al. 2018 [12] Retrospective cohort study 6,88,656

Lin et al. 2015 [13] Cohort 36270

Walker et al. 2014 [22] Case control 81

Wang et al. 2013 [23] Case control 2158

You et al.2020 [14] Cohort 1,31,877

Luetal. 2015 [15] Case control 175

Oh et al. 2020 [23] Cohort 19,546

25 1986-2013  Metformin use was associated with
improved survival outcomes in patients
with resected pancreatic cancer, but the
difference was not statistically significant

p=0.3875.

818 2007-2011  Diabetic patient on metformin at time of
pancreatic cancer diagnosis have improved
survival P<0.01

614 2000-2011  Hazard ratio was 0.93 at 95% CI metformin
was not statistically significant for
improved survival in diabetic patient with

pancreatic cancer p=0.28

92 2012-2020  Metformin use was associated with
improved survival outcomes in patients
with stage I and II pancreatic
Cancer H.R -0.47 at 95%CI but not in
advanced stage.

62 2005-2011 Metformin use was associated with
improved
survival outcomes in patients. p=0.058

127 2003-2010  Patient with advanced pancreas Cancer
receiving  metformin  along  with
chemotherapy is associated with longer

overall survival p=0.044

19,899 1998-2011  Use of metformin does not decrease risk
of gastrointestinal Cancers H.R. =0.97 at
95% C.1

49,524 1990-2014  No protective effect of metformin on
individual outcome H.R=1.02 at 95% CI

830 1998-2011 No association was found between overall
survival, pancreatic cancer, and metformin
use. p=0.26

269 2003-2010  Metformin use is not associated with
improved survival in subjects with
advanced PAC. p=0.367

2,717,797 2009-2012  Diabetic patient are two fold increase risk
of PAC when compared to non diabetic
patient. Metformin use in diabetes decrease

risk of PAC O.R=0.86

145080 2005-2010  Anti-diabetic therapy (ADT) especially
metformin and long acting insulin protect
against pancreas cancer H.R=0 at 95%C.I

89 2006-2011 Metformin use is not associated with
decrease in risk of PAC in DM2 and does
not alter the association between DM2 and

Pancreatic cancer risk.

8609 1998-2009  Metformin use is not associated with
decrease in risk of PAC.
O.R= 1.14 For metformin users with
pancreatic cancer

1,31,877 2005-2014  Metformin was associated with risk
reduction in stomach, colon and liver as
well as pancreatic cancer in DM2 patient

856 1996-2010  New onset diabetes or elevated HBA1C
level associated with increase risk of
pancreatic cancer.The relation between
different anti-diabetic medications and
pancreatic cancer seems to vary in strength,
with the highest risk among users of insulin

19,546 2011-2015 Metformin increase risk of PC O.R=0.88

cancer (Pancreatic cancer). At this specified threshold,
the CA19-9 test exhibited a sensitivity of 69.5% and
specificity of 98.2% for detecting Pancreatic cancer, with
an area under the curve (AUC) of 0.875 (95% confidence
interval: 0.826-0.924) [28]. Thrombospondin-1 (TSP-1)
is another important biomarker is seen elevated in patient

with T2 Type2 Diabetes melittus Pancreatic cancer and is
not seen in long-standing T2DM [29].

Pancreatectomy is the first line of management of
Pancreas cancer and is preferred modality for early
stage. But long standing uncontrolled T2 Type2 Diabetes
melittus is non to delay wound healing and hence increases
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risk of post operative complications. According to a
review conducted in 2013, individuals with diabetes
exhibited an elevated risk of experiencing post-operative
complications, with a rate of 45% compared to 35% in
non-diabetic patients [30]. A study by Ambe et al. done in
2016 suggested that Metformin use was associated with
improved survival outcomes in patients with resected
pancreatic cancer, but the difference was not statistically
significant [16].

Additionally, it was observed that having a baseline
HbAlc level exceeding 6.5%-7.0% was linked to reduced
survival rates [31]. A study by Amin et al.2017 suggested
that Diabetic patient on metformin at time of pancreatic
cancer diagnosis have improved survival thus supporting
the above stated statement [8].

Studies investigating the influence of diabetes on
Pancreatic cancer (Pancreatic cancer) patients undergoing
chemotherapy have indicated that pre-existing diabetes
may be linked to an increased risk of mortality. Kleef
et al.observed a higher mortality rate among diabetes
patients receiving adjuvant chemotherapy, with a hazard
ratio (HR) of 1.19 (95% confidence interval: 1.01-1.40)
[32]. Likewise, Hank et al. reported that the median
overall survival in diabetes patients who received
neo-adjuvant chemotherapy was shorter compared to
non-diabetic patients (18 months vs. 54 months) [33].
Mechanism behind poor outcome is not clear some
studies suggest that change in tumor microenvironment
resulting in increase risk of metastasis by tumor hypoxia
and perineural invasion [34]

Various drug are available and prescribed for T2 Type2
Diabetes melittus in our review we will be focused on
use of metformin. Metformin has attracted significant
attention due to its potential anti-cancer effects i.e
chemo-protective role in the context of Pancreatic cancer.
Metformin is the primary drug of choice for managing
Type 2 Diabetes (T2DM), and numerous studies have
explored its impact on three crucial aspects related to
Pancreas cancer.1:Assessing Metformin as a factor
that modifies the risk of developing Pancreatic cancer
in individuals with T2 Type2 Diabetes melittus [35].
Investigating the influence of Metformin on overall
survival rates after Pancreatic cancer therapy [36].
Evaluating Metformin’s role as an adjuvant therapy for
individuals already diagnosed with Pancreatic cancer [37].
Early-stage pancreatic cancer patients who have mild
hyperglycemia along with obesity could potentially be
suitable candidates to initiate treatment with metformin.
To sum it up, recent well-conducted studies with enhanced
statistical analysis, accounting for factors like immortal
time bias, have not shown any significant risk reduction
in pancreatic cancer or improvements in overall survival
as a result of metformin therapy. In the future, phase 3
randomized controlled trials (RCTs) will be valuable in
shedding more light on this matter, particularly in the
case of carefully selected individuals with pancreatic
cancer. [38].

In conclusion, in this comprehensive review, we have
summarized the intricate relationship between diabetes
mellitus (DM) and Pancreatic cancer. It is well-established

that long-standing diabetes is considered a significant
risk factor for the development of Pancreas cancer. Early
detection of Pancreatic cancer in individuals with Type
2 Diabetes melittus is crucial but clinically challenging.
Pancreatic cancer is relatively rare in both the general
population and among those with diabetes. Therefore,
the development of a screening strategy for the diabetic
population to detect Pancreatic cancer is urgently needed.

A clinically useful and cost-effective screening tool
is essential for identifying Pancreatic cancer in patients
with long-standing diabetes. Additionally, various
biomarkers have been identified to differentiate Pancreatic
cancer-related diabetes from the more common type
2 diabetes (T2DM). Combining different clinical and
biochemical parameters has led to the development of
various screening tools. Effective screening and early
recognition of Pancreatic cancer can significantly improve
the outcomes for individuals affected by this devastating
cancer.

The question arises: Can we delay the onset or halt
the progression of Pancreatic cancer in patients with
DM? Future research may explore strategies to improve
insulin resistance, such as regular physical exercise,
intermittent fasting, and low-fat diets. Implementing
healthy behaviors, like smoking cessation, is also critical
for patients with long-standing DM. Furthermore, the
potential role of glucose-lowering medications, such as
metformin, in delaying the onset of Pancreatic cancer
requires further investigation through longitudinal studies.

Acknowledgments

Statement of Transparency and Principals:
* Author declares no conflict of interest
* Study was approved by Research Ethic Committee
of author affiliated Institute .
* Study’s data is available upon a reasonable request.
* All authors have contributed to implementation of
this research.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, Bray F. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Inci-dence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA: a cancer
journal for clinicians. 2021 05;71(3):209-249. https://doi.
org/10.3322/caac.21660

2.HeJ, Ahuja N, Makary MA, Cameron JL, Eckhauser FE, Choti
MA, Hru-ban RH, Pawlik TM, Wolfgang CL. 2564 resected
periampullary adenocarcinomas at a single institution:
trends over three decades. HPB: the official journal of the
International Hepato Pancreato Biliary Association. 2014
01;16(1):83-90. https://doi.org/10.1111/hpb.12078

3. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa
H, Al Kaabi J. Epidemiology of Type 2 Diabetes - Global
Burden of Disease and Fore-casted Trends. Journal of
Epidemiology and Global Health. 2020 03;10(1):107-111.
https://doi.org/10.2991/jegh.k.191028.001

4. Magliano DJ, Boyko EJ. IDF Diabetes Atlas 10th edition
scientific committee. IDF DIABETES ATLAS [Internet].
10th ed. Brussels: International Diabetes Federation; 2021

64  Asian Pacific Journal of Cancer Biology* Vol 9« Issue 1



apjcb.waocp.com  Divya Mahajanand Awadesh kumar Pandey: Pancreatic Carcinoma: Exploring its Relationship with Diabetes and the Potential

[cited 2023 Sep 2]. (IDF Diabetes Atlas). Available from:
http://www.ncbi.nlm.nih.gov/books/NBK581934/..

5.Klein AP. Pancreatic cancer epidemiology: understanding the
role of life-style and inherited risk factors. Nature Reviews.
Gastroenterology & Hepatology. 2021 07;18(7):493-502.
https://doi.org/10.1038/s41575-021-00457-x

6. Zechner D, Radecke T, Amme J, Biirtin F, Albert A, Partecke
LI, Vollmar B. Impact of diabetes type II and chronic
inflammation on pancreatic can-cer. BMC cancer. 2015 02
13;15:51. https://doi.org/10.1186/s12885-015-1047-x

7. Lan W, Lin T, Yeh J, Feng C, Hsu J, Lin H, Kuo C, Lai C.
Mechanism Underlying Metformin Action and Its Potential
to Reduce Gastric Cancer Risk. International Journal of
Molecular Sciences. 2022 Nov 16;23(22):14163. https://
doi.org/10.3390/ijms232214163

8. Amin S, Mhango G, Lin J, Aronson A, Wisnivesky J, Boffetta
P, Lucas AL. Metformin Improves Survival in Patients
with Pancreatic Ductal Adenocarcinoma and Pre-Existing
Diabetes: A Propensity Score Analysis. The American
Journal of Gastroenterology. 2016 09;111(9):1350-1357.
https://doi.org/10.1038/ajg.2016.288

9. Yang S, Lin S, Li N, Deng Y, Wang M, Xiang D, Xiang G,
et al. Burden, trends, and risk factors of esophageal cancer
in China from 1990 to 2017: an up-to-date overview and
comparison with those in Japan and South Korea. Journal
of Hematology & Oncology. 2020 Nov 02;13:146. https://
doi.org/10.1186/5s13045-020-00981-4

10. Cheon YK, Koo JK, Lee YS, Lee TY, Shim CS. Elevated
hemoglobin Alc levels are associated with worse survival
in advanced pancreatic cancer patients with diabetes. Gut
and Liver. 2014 03;8(2):205-214. https://doi.org/10.5009/
¢nl.2014.8.2.205

11. Choi Y, Kim T, Oh D, Lee K, Han S, Im S, Kim T, Bang Y.
The Im-pact of Diabetes Mellitus and Metformin Treatment
on Survival of Patients with Advanced Pancreatic Cancer
Undergoing Chemotherapy. Cancer Research and Treatment.
2016 01;48(1):171-179. https://doi.org/10.4143/crt.2014.292

12. Lee DY, Yu JH, Park S, Han K, Kim NH, Yoo HJ, Choi KM, et
al. The influence of diabetes and antidiabetic medications on
the risk of pan-creatic cancer: a nationwide population-based
study in Korea. Scientific Reports. 2018 06 26;8(1):9719.
https://doi.org/10.1038/s41598-018-27965-2

13. Lin C, Huang H, Chu F, Fan H, Chen H, Chu D, Wu L, et
al. Asso-ciation between Gastroenterological Malignancy
and Diabetes Mellitus and Anti-Diabetic Therapy: A
Nationwide, Population-Based Cohort Study. PloS One.
2015;10(5):e0125421. https://doi.org/10.1371/journal.
pone.0125421

14. You JH, Song SO, Kang MJ, Cho YY, Kim SW, Suh SH,
Lee S, Lee Y, Lee B. Metformin and Gastrointestinal Cancer
Development in Newly Diagnosed Type 2 Diabetes: A
Population-Based Study in Korea. Clinical and Translational
Gastroenterology. 2020 Nov;11(11):e00254. https://doi.
org/10.14309/ctg.0000000000000254

15. LuY, Garcia Rodriguez LA, Malgerud L, Gonzélez-Pérez A,
Martin-Pérez M, Lagergren J, Bexelius TS. New-onset type
2 diabetes, elevated HbA 1c, anti-diabetic medications, and
risk of pancreatic cancer. British Journal of Cancer. 2015 Dec
01;113(11):1607-1614. https://doi.org/10.1038/bjc.2015.353

16. Ambe CM, Mahipal A, Fulp J, Chen L, Malafa MP. Effect
of Metfor-min Use on Survival in Resectable Pancreatic
Cancer: A Single-Institution Experience and Review of the
Literature. PloS One. 2016;11(3):e0151632. https://doi.
org/10.1371/journal.pone.0151632

17. Chaiteerakij R, Petersen GM, Bamlet WR, Chaffee KG, Zhen
DB, Burch PA, Leof ER, Roberts LR, Oberg AL. Metformin

Use and Survival of Patients With Pancreatic Cancer: A
Cautionary Lesson. Journal of Clinical Oncology: Official
Journal of the American Society of Clinical Oncology.
2016 06 01;34(16):1898-1904. https://doi.org/10.1200/
JCO.2015.63.3511

18. Jong RG, Burden AM, Kort S, Herk-Sukel MP, Vissers
PA, Janssen PK, Haak HR, et al. No Decreased Risk of
Gastrointestinal Cancers in Users of Metformin in The
Netherlands; A Time-Varying Analysis of Metformin
Exposure. Cancer Prevention Research (Philadelphia, Pa.).
2017 05;10(5):290-297. https://doi.org/10.1158/1940-6207.
CAPR-16-0277

19. Farmer RE, Ford D, Mathur R, Chaturvedi N, Kaplan R,
Smeeth L, Bhaskaran K. Metformin use and risk of cancer
in patients with type 2 diabetes: a cohort study of primary
care records using inverse probability weighting of marginal
structural models. International Journal of Epidemi-ology.
2019 04 01;48(2):527-537. https://doi.org/10.1093/ije/
dyz005

20. Frouws MA, Sibinga Mulder BG, Bastiaannet E, Zanders
MM, Herk-Sukel MPP, Leede EM, Bonsing BA, Mieog
JSD, Van de Velde CJH, Liefers G. No association
between metformin use and survival in patients with
pancreatic cancer: An observational cohort study.
Medicine. 2017 03;96(10):¢6229. https://doi.org/10.1097/
MD.0000000000006229

21. Hwang AL, Haynes K, Hwang W, Yang Y. Metformin
and survival in pancreatic cancer: a retrospective cohort
study. Pancreas. 2013 Oct;42(7):1054-1059. https://doi.
org/10.1097/MPA.0b013e3182965a3c

22. Walker EJ, Ko AH, Holly EA, Bracci PM. Metformin use
among type 2 diabetics and risk of pancreatic cancer in
a clinic-based case-control study. International Journal
of Cancer. 2015 03 15;136(6):E646-653. https://doi.
org/10.1002/ijc.29120

23. Oh TK, Song I. Metformin Use and the Risk of Cancer
in Patients with Diabetes: A Nationwide Sample Cohort
Study. Cancer Prevention Research (Philadelphia, Pa.).
2020 02;13(2):195-202. https://doi.org/10.1158/1940-6207.
CAPR-19-0427

24. Ling S, Brown K, Miksza JK, Howells L, Morrison A,
Issa E, Yates T, et al. Association of Type 2 Diabetes With
Cancer: A Meta-analysis With Bias Analysis for Unmeasured
Confounding in 151 Cohorts Comprising 32 Million People.
Diabetes Care. 2020 09;43(9):2313-2322. https://doi.
org/10.2337/dc20-0204

25. Carreras-Torres R, Johansson M, Gaborieau V, Haycock PC,
Wade KH, Relton CL, Martin RM, Davey Smith G, Brennan

P. The Role of Obe-sity, Type 2 Diabetes, and Metabolic
Factors in Pancreatic Cancer: A Mendelian Randomization
Study. Journal of the National Cancer Institute. 2017 09
01;109(9):djx012. https://doi.org/10.1093/jnci/djx012

26. Yuan S, Kar S, Carter P, Vithayathil M, Mason AM, Burgess
S, Larsson SC. Is Type 2 Diabetes Causally Associated With
Cancer Risk? Evidence From a Two-Sample Mendelian
Randomization Study. Diabetes. 2020 07;69(7):1588-1596.
https://doi.org/10.2337/db20-0084

27. Stern JH, Arriaga Y, Gupta A, Verma U, Karri S, Syed S,
Khosama L, et al. Fasting and Glucose-Stimulated Changes
in Plasma Glucagon in Pancreatic Cancer: Potential
Biomarkers for Detection?. Pancreas. 2019 01;48(1):e1-¢3.
https://doi.org/10.1097/MPA.0000000000001208

28. Murakami M, Nagai Y, Tenjin A, Tanaka Y. Proposed cut-off
value of CA19-9 for detecting pancreatic cancer in patients
with diabetes: a case-control study. Endocrine Journal.
2018 06 27;65(6):639-643. https://doi.org/10.1507/endocr;.

Asian Pacific Journal of Cancer Biology* Vol 9+ Issue 1 65



apjcb.waocp.com  Divya Mahajanand Awadesh kumar Pandey: Pancreatic Carcinoma: Exploring its Relationship with Diabetes and the Potential

EJ17-0380

29. Jenkinson C, Elliott VL, Evans A, Oldfield L, Jenkins
RE, O’Brien DP, Apostolidou S, et al. Decreased Serum
Thrombospondin-1 Levels in Pancreatic Cancer Patients Up
to 24 Months Prior to Clinical Diagnosis: Association with
Diabetes Mellitus. Clinical Cancer Research: An Official
Journal of the American Association for Cancer Research.
2016 04 01;22(7):1734-1743. https://doi.org/10.1158/1078-
0432.CCR-15-0879

30. Raghavan SR, Ballehaninna UK, Chamberlain RS. The
impact of perioperative blood glucose levels on pancreatic
cancer prognosis and surgical outcomes: an evidence-based
review. Pancreas. 2013 Nov;42(8):1210-1217. https://doi.
org/10.1097/MPA.0b013e3182a6db8e

31. Fan KY, Dholakia AS, Wild AT, Su Z, Hacker-Prietz A,
Kumar R, Hodgin M, et al. Baseline hemoglobin-Alc
impacts clinical outcomes in patients with pancreatic cancer.
Journal of the National Comprehensive Cancer Network:
JNCCN. 2014 01;12(1):50-57. https://doi.org/10.6004/
jncen.2014.0006

32. Kleeft J, Costello E, Jackson R, Halloran C, Greenhalf W,
Ghaneh P, Lamb REF, et al. The impact of diabetes mellitus
on survival following resection and adjuvant chemotherapy
for pancreatic cancer. British Journal of Cancer. 2016 09
27;115(7):887-894. https://doi.org/10.1038/bjc.2016.277

33. Hank T, Sandini M, Qadan M, Weniger M, Ciprani D, Li A,
Ferrone CR, Warshaw AL, Lillemoe KD, Fernandez-Del
Castillo C. Diabetes melli-tus is associated with unfavorable
pathologic features, increased postop-erative mortality,
and worse long-term survival in resected pancreatic
cancer. Pancreatology: official journal of the International
Association of Pancreatology (IAP) ... [et al.]. 2020
01;20(1):125-131. https://doi.org/10.1016/j.pan.2019.10.007

34, LiJ, Ma J, Han L, Xu Q, Lei J, Duan W, Li W, et al.
Hyperglycemic tumor microenvironment induces perineural
invasion in pancreatic can-cer. Cancer Biology & Therapy.
2015;16(6):912-921. https://doi.org/10.1080/15384047.2
015.1040952

35. Bodmer M, Becker C, Meier C, Jick SS, Meier CR.
Use of antidiabetic agents and the risk of pancreatic
cancer: a case-control analysis. The American Journal of
Gastroenterology. 2012 04;107(4):620-626. https://doi.
org/10.1038/ajg.2011.483

36. Shi Y, Zhou X, Du P, Yin M, Xu L, Chen W, Xu C.
Relationships are between metformin use and survival
in pancreatic cancer patients concurrent with diabetes:
A systematic review and meta-analysis. Medicine.
2020 09 11;99(37):¢21687. https://doi.org/10.1097/
MD.0000000000021687

37. Broadhurst PJ, Hart AR. Metformin as an Adjunctive Therapy
for Pancreatic Cancer: A Review of the Literature on Its
Potential Therapeutic Use. Digestive Diseases and Sciences.
2018 Nov;63(11):2840-2852. https://doi.org/10.1007/
s10620-018-5233-y

38. Bosetti C, Rosato V, Li D, Silverman D, Petersen GM, Bracci
PM, Neale RE, et al. Diabetes, antidiabetic medications, and
pancreatic cancer risk: an analysis from the International
Pancreatic Cancer Case-Control Consortium. Annals of
Oncology: Official Journal of the European Society for
Medical Oncology. 2014 Oct;25(10):2065-2072. https://doi.
org/10.1093/annonc/mdu276

O

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

66  Asian Pacific Journal of Cancer Biology* Vol 9« Issue 1



