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Case Presentation

Chief Complaint: Polyuria

History of Present IlIness:
- 52 y/o female

- Hypertension
- Active triathlete/BMI 21

- Excessive thirst and polyuria
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Case Presentation

Chief Complaint: Polyuria
Labs:

14.5 140 | 107 | 26
8.8 ><262 423

48.2 4.6 | 32 | 0.9

C-Peptide 0.7

She has new diabetes and is not
making insulin

Case Presentation

Started on Metformin and referred
to diabetes educator

Question

Why does a healthy, thin, 52 y/o female
suddenly develop c-peptide negative
diabetes?




Case Presentation

9 months later...

Diabetes has been under excellent control

BMI has remained the same

Patient develops painless jaundice with
pruritis, dark urine and scleral icterus

Case Presentation

CT Scan
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Case Presentation

What happened to this patient?

Could the new diagnosis of pancreatic
cancer be related to the diabetes
diagnosis?

Could this have been prevented?
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4 Questions

* |s there an association between diabetes and
cancer?

* What are the risk factors common to both cancer
and diabetes?

» What are the biologic links between diabetes
and cancer risk?

* Does the treatment of diabetes cause cancer?

Question 1

Is there an assoclation between
diabetes and cancer?
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The Rise of Diabetes

Diabetes
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The Rise of Cancer?

Trends in SEER Incidence and US Death Rates
by Primary Cancer Site
2001-2010

Trends in SEER Incidence Rates Trends in US Cancer Death Rates
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Is there an assoclation between
diabetes and cancer?
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CONFOUNDING!!!

Definition: An extraneous variable in a statistical
model that correlates (directly or inversely) with
both the dependent variable and the indpeendent

variable.

CONFOUNDING!!!
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CONFOUNDING!!!
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Question 1

Is there an assoclation between
diabetes and cancer?

Diabetes and Cancer

Is the association direct — hyperglycemia?

Does diabetes alter underlying biologic
factors?

Indirect association due to common risk
factors such as obesity?
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The Rise of Diabetes

Diabetes
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The Rise of Cancer?

Trends in SEER Incidence and US Death Rates
by Primary Cancer Site
2001-2010
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Table 1. Body mass index and risk of several cancer types

Obesity the Cause?

Type of Cancer

Men
RR (95% CIy*

Reference

Endometrial

Esophageal adenocardnoma
Postmenopausal breast

Multiple myeloma
Gallbladder

Leukemia

Non-Hodgkin lymphoma
Prostate high-grade
Frostate low-grade

152 (13317

1.30 (1.251.35

1.24 (L20H1.
1.12 (1091,
127 (1.171
1.09 (LO61.

15134
116 (1.05-1.2
1.07 (09312

1.11 (1.05-1.18)
109 (0.991.21)
08 (1.02-1.14)
(LO31.09)

. M6-1.449)
.85 (0.7740.93)

RREDRE

=R

RREBEE

2Rz

(1. 3141 1)
(1.31-1.49)
(L08-1.16)

Reeves IZ\IJ"] [wt 1|.J]

Mng.,‘r'accam (2007)
Renehan (2008 (ref. 1
Larsson (2007) (ref. 12)¥
Moghaddam (2007) (ref
Renehan

Hsing (2007) (ref. m?

*Relative sk (RK) and 95% confidence interval (CT).

Estimated trends in the RR associated with every 10 kg/n® increase in Body Mass Index (BMI).
inted with every 5 kg/m increase in BML

SRE with BM = 30 kgy/ 0 compared to BMI < 25 kg/m”

Cancer Epidemiol Biomarkers Prev 2009;18(10). October 2009

Question 1

Is there an assoclation between
diabetes and cancer?

.but it is an unclear If this

association is causative

4/26/2014
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Question 2

What are the risk factors common to
both cancer and diabetes?

Modifiable Risk Factors
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The Rise of Cancer?

A Al Men (N=313,047; 42,173 deaths]
1.0

Adams et al. NEJM 2006

Question 2

What are the risk factors common to
both cancer and diabetes?

Diet, obesity, smoking, alcohol, exercise...but is
this relevant?

4/26/2014
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Question 3

What are the possible biologic links
between diabetes and cancer?

Possible Mechanisms

1. Hyperinsulinema ‘
[

=

2. Hyperglycemia

3. Inflammation

Insulin/IGF Axis

Glycolysis Theory

Inflammatory
Cytokines

The IGF Axis

1. Hyperinsulinema Insulin/IGF Axis

Metf Calorific intake Metf
Most cancer cells express 1
insulin and Insulin-like T — = F -
ver | Gluconeogensdsis -G|)'c:|(:mra

Growth Factor receptors e

IGR receptors can stimulate I/o péx\-, JR PN
\\ 1 0

c = a 5 5 / i I |
insulin-mediated mitogenesis AKT Y (Meth) < AKT &)
Proliferation of
normal IGFI-
target cell

Metf

Responsive LI é U"mwl _uptake
Y Narmal insulin-

cancer cell
target cells

Pollak. Nature Reviews Cancer 2012
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The IGF Axis

1. Hyperinsulinema ‘ Insulin/IGF Axis
Breast Cancer

Ume, W Negative PAIGF-IR/IR
L"\‘\\ B Positive PAIGF-IR/IR

Cumulative survival

Law et al. Cancer Res 2008

Many cancers depend on
glycolysis for energy and
untreated hyperglycemia
may facilitate neoplastic
proliferation

PMature Reviews | Canier
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Inflammation

3. Inflammation ‘ Inflammatory Cytokines

Enhanced production of free
fatty acids, IL-6, MCP, PAI-
I may drive uncontrolled
cellular proloferation

Question 3

What are the possible biologic links
between diabetes and cancer?

Hyperinsulinema, hyperglycemia and inflammation may
play a biologically plausible role

4/26/2014
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Question 4

Does the treatment of diabetes
cause cancer?

Let’s look at the relationship between medications
and pancreatic cancer

Metformin

Does the treatment of diabetes cause cancer?

Metiormin and risk of pancreatic cancar

Study name Statistics for sach study Odds ratio and 95% C
Odds  Lower Upper
rafio linmiit limit  Pvalue
Bodmer et ai, (2012) 1004 0782 1289 0.o7s
Lizo et al, (2012) 0850 0386 1871 0.6a6
Ruiter &t al, (2012) 0720 0O6es 0722  0.000
Ferrara &t al, (2011) 1.200 005 16502 0118
Litte st al, (2011) 0280 0082 1283 0098
Morden st al, (2011) 1250 0891 1763 0,196

———

Li st al, (2000) 0380 0215 0673 0.001 =
Currie &t al, (2009) 0200 0411 0382 0.000
Oliveria ot al, (2008) 1260 0799 198 0.320
0761 0565 1026 0073

Singh et al. Am J Gastroenterology. 2013

19



4/26/2014

Sulfonylureas

Does the treatment of diabetes cause cancer?

Sulforylureas and risk of pancreatic cancar

Study name Statistics for each study Owdds ratio and 5% CI
Odds  Lower Upper
ratic limit lirmit P-value
Bodmer etal, (2012)  1.310 1.021 1.681 0.034
Liao &t al, (2012) 0.960 0925
Ruiter st af, (2012) 1370 1. 1. 0.000
Femara et af, (2011) 2.300 1.7 .1 0.000
Little ot al, (2011) 10.340 1. 0224
Li et al, (2009) 2520 1. 0.005
Cumie &t al, (2009) 4.950 0.000
Ofliveria st af, (2008)  1.340
1708 1278 0.000

o1 02 05 1 2 B 10

Favors SU Fawvors no SU

Singh et al. Am J Gastroenterology. 2013

Thiazolidinediones

Does the treatment of diabetes cause cancer?

Thiazolidinediones and risk pancreatic cancer

Study name Statistics for each study Odds ratio and 95% C

Odds Lower Upper
rafic  limit limit  Paalue

Lizo &t al, {2012) 0.800 0480 1587 0693
Li et al, (200@) 1.550 OF81 3075 0210
Femrara et af, 2011- Pioglitezone  1.200 0800 1800 04378
Femrara st af, 2011- Other TZD=  1.000 0504 1683 1.000
Oliveria ot al, (2008) 0.600 0308 1.195 (0.188

1.026 0805 1.304 0Ba4s

1
o1 o0z o 1 2

Fawors TZDs  Favors ne TZDs

Singh et al. Am J Gastroenterology. 2013
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Insulin

Does the treatment of diabetes cause cancer?

nsulin and risk of pancreatic cancer

Study name Statistics for each study Odds ratio and 85% G
Odds  Lower Uppar
rafic limnit limit Pvalue

Bodmer st al, (2012) 1100 0788 1.536 0576
Liao ot af, (2012) 0680 0987 1.260 0.220
Femara st al, (2011} 3.100 2401 0000
Morden et af, (2011) 0750 0489 1.127 0167
Curie et al, (2000) 4630 2643 8.110 0.000
Li st al, (2009) 4900 2591 0.000
Oliveria et af, (2008) 0840 0339 1.207 0188

1588 0B854 0144

01 02 05 1 10
Favors insulin - Favors no insulin

Singh et al. Am J Gastroenterology. 2013

Question 4

Does the treatment of diabetes
cause cancer?

There does not appear to be an association
between diabetes treatment and cancer
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Objectives

1. Case Study

2. 4 Questions

3. Diabetes and Pancreatic Cancer

Case Presentation

52 y/o female with newly diagnosed pancreatic cancer

22



Case Presentation

How is diabetes related to this patient’s
pancreatic cancer?

Diabetes and Pancreatic Cancer

How much of a problem is pancreatic cancer?

Demographic & rate changes

All cancers, thousands

Wwww.pancan.com

4/26/2014
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Diabetes and Pancreatic Cancer

How much of a problem is pancreatic cancer?

PROJECTED CANCER DEATHS

lung

—
N
o

pancreas

colorectal
breast

prostate

=]
o

Projected cancer deaths (thousands)
.
S

o

2010

www.pancan.com

Diabetes and Pancreatic Cancer

Pancreatic Cancer is a Big Problem

Pancreatic Incidence = Pancreatic Mortality
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Diabetes and Pancreatic Cancer

How often do patients with pancreatic
cancer develop diabetes?

Pancreatic cancer Controls
(n=933)

(n=512)
Normal fasting
glucose (14%:)
m;j“\
glucose (59%

DM (47%) |

DM (73)

Impaired fasting Impaired fasting
glucose (38%) glucose (34%)

F<0M

Pannala et al. Gastroenterology 2008

Diabetes and Pancreatic Cancer

How often do patients with pancreatic
cancer develop diabetes?

Figure 1: Observed and Predicted Prevalence of DM
at 12-Month Intervals Prior to Index
7 @ Case —— Predicted case
O Contrel = — Predicted contrel

| Regression models: Case  14.74+5.70 * window
Control 14.62+1.23 * window
T

-60 48 -36 -24 A2
Months prior to index date

Time -48 to -60 | -36 to 48 24t0-36 | -12to-24 | +1to-12

Window 0 3
Cases (no.) 157 160 168 685
Controls (no.) a9 . , 1,172
P 0.76 5 0.001

Chari et al. Gastroenterology 2005

4/26/2014
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Diabetes and Pancreatic Cancer

Pancreatic Cancer is associated with diabetes

60-70% of patients with pancreatic cancer develop
diabetes in the year before their diagnosis

Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

26



4/26/2014

Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

pancreaticoduodenal
artery

Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

Left gastric artery

Splenic artery

27
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Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

*FP=.003 Maw-onset va.
5 long-stamding DM
#P=3 IFG vs. NFG
B

New unse’t Long- IFG NFG
atandlng DM n=48 n=15
n_ao n=11

Pre-operative glycemic status

Percentage diabetic
post-operatively

Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

| ——[Treatment phase —— |-— Break —
~ 6 wks

CTX
gem combo CXRT -

f !
Restaging OR
Dropout

Staging CT
Determination
of resectability

28



4/26/2014

Diabetes and Pancreatic Cancer

Does pancreatic cancer cause diabetes?

Change in blood glucose control during neoadjuvant therapy

B Glucose(mg/dy)

CA 19-9 [u/mi)

Evans Class ITI Evans Class IV

Diabetes and Pancreatic Cancer

Pancreatic cancer appears to cause diabetes

Diabetes resolves after surgery and as the tumor
regresses during neoadjuvant therapy, the
diabetes improves
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Diabetes and Pancreatic Cancer

What is it about the cancer that causes diabetes?

Adrenomedullin is up-regulated
In patients with pancreatic cancer and causes
insulinresistance in cells and mice.

Diabetes and Pancreatic Cancer

What is it about the cancer that causes diabetes?

i

AM expression (Affymetrix units)

HPDEG PANC1 5UBE.B6

Adrenomedullin
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Diabetes and Pancreatic Cancer

So why do we care?

90% of patients with pancreatic cancer have
metastasized at time of diagnosis

There is no screening test for pancreatic
cancer

Could diabetes and adrenmedullin be used as
screening tests?

Diabetes and Pancreatic Cancer

Screening for Pancreatic Cancer

PaniN-1 PanliN-2 PaniN-3

KRAS CDKN2A  TP53 and SMAD4
iation for Cancer Research
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Diabetes and Pancreatic Cancer

Screening for Pancreatic Cancer
New Onset Diabetes
Mellitus > 50 years old
Elevated Adrenomedullin
and CA 19-9

Early Detection

Diabetes and Pancreatic Cancer

The diabetes and pancreatic cancer
relationship may allow for the development
of an effective screening test for this disease

Not only can diabetes contribute
to cancer, it can also be caused
by cancer
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Objectives
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Objectives

1. Case Study

2. 4 Questions
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Objectives

1. Case Study

2. 4 Questions

3. Diabetes and Pancreatic Cancer

Thank You

“Man cannot discover new oceans unless he has the courage to lose sight of
the shore”

- Andre Gide
1947 Nobel prize for literature

4/26/2014
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