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Abstract

Objectives—An association between diabetes and pancreatic ductal adenocarcinoma (PDA) has

long been recognized. Here we assess the impact of baseline hemoglobin-A1c (HbA1c) value in

clinical outcomes of PDA patients.

Methods—HbA1c values were prospectively collected on 656 consecutive patients presenting to

a pancreas multidisciplinary clinic from 2009–2012. Patients were diagnosed with benign

pancreatic disease (BPD) or biopsy-confirmed resectable (R), borderline/locally advanced (BL), or
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metastatic (M) PDA. Excluded were those with prior treatment for PDA or a history of chronic

DM (>1-year).

Results—Of 284 patients, 44 had benign disease, 62 R-PDA, 115 BL-PDA, and 63 M-PDA.

Patients with malignant disease (R-, BL-, and M-PDA) collectively had a higher average HbA1c

than patients with BPD (6.1% vs. 5.6%, p<0.001). Among patients with PDA (n=240),

HbA1c≥6.5% was significantly associated with inferior overall survival (OS) compared to patients

with HbA1c<6.5% (HR 1.74, OS 10.2 vs. 13.0 months, p=0.007), along with other known

prognostic factors such as age≥65, ECOG≥1, CA19-9>90, tumor size >3cm, and disease stage.

HbA1c≥6.5% remained in the final predictive model using backward elimination (HR 1.46,

p=0.097) indicating that HbA1c ≥6.5% influences overall survival of patients with PDA even

when accounting for other known prognostic factors.

Conclusions—HbA1c level at presentation is significantly higher in patients with PDA than

patients with BPD and appears to affect survival.
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INTRODUCTION

An association between diabetes mellitus (DM) and pancreatic ductal adenocarcinoma

(PDA) has been recognized for more than half a century,1 yet diagnostic and therapeutic

applications of this relationship remain limited. Growing epidemiologic evidence suggests

that patients with DM are at significantly greater risk for PDA. In a population-based study

of 2,122 diabetic patients, the incidence of pancreatic cancer within 3 years of DM diagnosis

was nearly 8 times that of the general, non-diabetic population.2

While long-standing DM may be a risk factor for developing PDA, new-onset DM may,

conversely, be a manifestation of the cancer. PDA patients are significantly more likely to

have new-onset DM(<2-year duration) than non-cancer controls4 and to have a significantly

higher prevalence of DM than patients with other types of cancer, such as lung, breast,

prostate, and colorectal cancers, as well as non-cancer patients.5

Moreover, dysglycemia itself may have negative impact on outcomes of hospitalized

patients with cancer in terms of infection, mortality, length of stay, and toxicities. The risk

of cancer death (due to stomach, liver, lung cancers) has been noted to be significantly

higher among subjects with a high fasting plasma glucose (≥5.6 mmol/L), after adjustment

for potentially confounding factors.3

Here we directly evaluate the relationship between glycosylated hemoglobin (HbA1c) – an

objective and quantifiable measure of glucose intolerance—and pancreatic cancer in patients

without a history of chronic DM presenting with suspected PDA. Specifically, we examine

the potential utility of HbA1c level to discriminate between benign pancreatic disease (BPD)

and stages of PDA and investigate the effect of impaired glucose tolerance on patient

survival outcomes.
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MATERIALS AND METHODS

Study Population and Data Collection

All patients included in this study were seen at a pancreatic multidisciplinary clinic

(PMDC). The purpose of the clinic is to provide a comprehensive multi-specialist evaluation

for patients with pancreatic diseases. With Institutional Review Board approval, HbA1c

values were prospectively collected on patients seen at the PMDC between January 2009

and October 2012. Patients were required to provide written informed consent prior to study

enrollment. A total of 656 patients presented to the PMDC during the period of the study.

Based on multidisciplinary review, patients were diagnosed as having resectable (R),

borderline resectable/locally advanced (BL), metastatic (M) pancreatic cancer, or benign

disease. Diagnoses considered to be benign disease included autoimmune pancreatitis,

intraductal papillary mucinous neoplasm (IPMN), or pancreatic cyst. Exclusion criteria

included prior treatment with surgical resection or non-surgical antineoplastic therapies

(n=306) and a self-reported history of type 1 DM (n=6) or type 2 DM (n=60) for longer than

one year or of unknown duration. The final study cohort included 284 patients.

All patients underwent a pancreatic protocol three-dimensional (3D) computed tomography

(CT) scan and had routine labs drawn, including complete blood count, complete metabolic

profile, carbohydrate antigen 19-9 (CA19-9), and HbA1c, on the morning of the PMDC. All

3D CT studies were performed with a Definition Dual Source CT scanner (Siemens Medical

Solutions, Malvern NJ) according to a standard protocol6. Demographics, medical history,

and clinical information were obtained from the initial consult note recorded at the PMDC

visit. Self-reported race, family history of pancreatic cancer (up to second-degree relative),

performance status (as previously defined in Oken PMID: 7165009), and use of anti-

hyperglycemic medication was also recorded to assess for interaction with HbA1c. Survival

was determined and cross-checked by review of clinical follow-up information and the

Social Security Death Index.

Statistical Analysis

All demographic and baseline data were summarized using descriptive statistics. Differences

in HbA1c values among patients with benign, resectable, borderline resectable/locally

advanced, and metastatic disease were assessed for significance using the Student t test. All

p-values are reported as two-sided and the a priori level of significance was set at p≤0.05.

Kaplan–Meier analysis was used to estimate time-to-event curves and survival rates.

Univariate Cox regression analyses were performed to assess for an association between

clinical factors/laboratory values and overall survival (OS). Characteristics that

demonstrated a univariate association with survival at a significance level of p≤0.05 were

entered as covariates into a multivariate proportional hazards regression model for OS and

backward elimination was performed to generate the final model. The final proportional

hazards regression model was used to estimate the hazard ratio (HR) for death attributable to

each covariate. Analyses were performed using R software, version 2.15.2.
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RESULTS

Study Cohort

The final study cohort included 284 patients seen at the PMDC who met the following

criteria: (1) newly diagnosed with no prior history of anti-PDA treatment (including

surgery); (2) either no prior history of DM or first diagnosed with DM <1 year prior to

PMDC visit; (3) available HbA1c level from day of PMDC visit; (4) follow-up survival data

available. Classified by disease stage, there were 44 patients (15%) with BPD, 62 with R-

PDA (22%), 115 with BL-PDA (40%), and 63 with M-PDA (22%). The demographic and

baseline characteristics of the study population are shown in Table 1.

Disease Stage and HbA1c

A plot of mean HbA1c values for each disease stage is shown in Figure 1. Mean HbA1c was

5.6% (SD, 0.5) for patients with BPD, 5.9% (SD, 1.0) for R-PDA, 6.2% (SD, 1.1) for BL-

PDA, and 6.1% (SD, 0.8) for M-PDA. Patients with malignant disease (including R-, BL-,

and M-PDA) collectively had higher HbA1c values on average at presentation than patients

with BPD (6.1% vs. 5.6%, p<0.001). When each stage of PDA was compared separately to

the BPD group, the difference in mean HbA1c values for patients with PDA versus patients

with BPD became more significant as stage increased (R-PDA: 5.9% vs. 5.6%, p=0.048;

BL-PDA: 6.2% vs. 5.6%, p=0.00043; M-PDA: 6.1% vs. 5.6%, p<0.0001). There was a trend

towards higher HbA1c at presentation in patients with advanced PDA (BL and M) compared

to patients with R-PDA (6.2% vs. 5.9%, p=0.100). The proportion of patients with HbA1c

levels in the diabetic range (>6.4%) increased with more advanced stage of disease (4.5% of

BPD, 11.3% of R-PDA, 16.5% of BL-PDA, and 28.6% of M-PDA).

HbA1c Prognostic Value

Using univariate Cox regression analysis, inferior OS was found to be significantly

associated with six factors (Table 2): (1) HbA1c ≥6.5% (HR=1.74, 95% CI 1.2–2.6,

p=0.007); (2) age category ≥65 (HR=1.57, 95% CI 1.13, 2.20 p=0.008); (3) ECOG 2

compared with ECOG 0 (HR=2.28, 95% CI 1.09–5.25, p=0.030); (4) CA19-9 ≥ 90 U/mL

(HR= 1.45, 95% CI 1.14–1.85, p=0.004); (5) tumor diameter ≥3 cm (HR=1.60, 95% CI

1.16–2.20, p=0.004); and (6) advanced disease stages BL-PDA compared to R-PDA (HR

1.71, 95% CI 1.12–2.64, p=0.014) and M-PDA compared to R-PDA (HR 2.70, 95% CI

1.70–4.29, p<0.001). These factors were used as covariates to construct the multivariable

proportional hazards model for survival. Following multivariate analysis using backward

elimination, the following factors were independently related to inferior OS (Table 3):

HbA1c ≥6.5% (HR=1.46, 95% CI 0.93–2.27, p=0.097), age ≥65 (HR=1.64, 95% CI 1.11–

2.41, p=0.012), CA19-9 >90 U/mL (HR 1.98, 95% CI 1.32–12.97, p=0.001), ECOG 1

compared to ECOG 0 (HR 1.35, 95% CI 0.92–1.99, p=0.131), ECOG 2 compared to ECOG

0, (HR 2.39, HR 1.04–5.51, p=0.041), and advanced disease stages BL-PDA compared to R-

PDA (HR 1.36, 95% CI 0.84–2.21, p=0.217) and M-PDA compared to R-PDA (HR=1.93,

95% CI 1.14–3.27, p=0.014).

Median OS for all patients with PDA (n=240) was 12.4 months (95% CI, 11.1–13.6

months). Patients with HbA1c <6.5% had a significantly greater median OS at 13.0 months
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(95% CI 8.5–17.5 months) compared to those with HbA1c≥6.5% at 10.2 months (95% CI

7.3–13.1 months) (p<0.001).

To evaluate the effect of HbA1c level on overall survival in each disease stage, we

performed separate Kaplan-Meier analyses for R-PDA, BL-PDA, and M-PDA patients with

HbA1c values ≥6.5% or <6.5% (Figure 2). Median OS was 20.5 months (95% CI, 9.9–31.1)

in patients with R-PDA, 13.0 months (95% CI 9.3–16.8 months) in patients with BL-PDA,

and 8.2 months (95% CI 7.1–9.3) in patients with M-PDA. OS was superior in R-PDA

patients with HbA1c values <6.5 (21.9 months, 95% CI 14.0–29.8 months) compared to R-

PDA patients with HbA1c values ≥6.5% (10.9 months, 95% CI 3.4–18.4 months) (p=0.041).

BL-PDA patients with HbA1c values <6.5 (16.4 months, 95% CI 11.3–21.5 months)

compared to BL-PDA patients with HbA1c values ≥6.5% (11.7 months, 95% CI 8.9–14.6

months) had improved OS; however, this did not approach significance (p=0.101). There

was no difference in survival between M-PDA patients with baseline HbA1c <6.5% and

those with baseline HbA1c ≥6.5% (P>>0.05).

DISCUSSION

Our study evaluates the impact of HbA1c level measured at presentation among patients

with newly diagnosed pancreatic ductal adenocarcinoma on their clinical outcomes. Patients

with pancreatic cancer often do not exhibit disease-specific symptoms until the cancer is at

an advanced stage. Only 15–20% of patients are diagnosed early enough to qualify for

surgical resection, while the remainder present with locally advanced or metastatic

disease.7,8 DM, especially of new onset (<2-year duration), has previously been noted to be

significantly more prevalent among PDA patients than age-matched controls.4 Lee and

colleagues recently reported that PDA-associated DM could be discriminated from benign

new-onset type 2 DM with 80.8% sensitivity and 67.6% specificity using the clinical factors

of age, weight loss, BMI, and family history of DM.13 Our study highlights the significant

relationship between HbA1c—an objective, quantifiable, and readily available marker of

hyperglycemia—and PDA amongst a cohort of patients presenting with either BPD or PDA

and no chronic history of DM. We show that while patients with benign pancreatic lesions,

such as IPMNs or pancreatic cysts, or benign conditions, such as autoimmune pancreatitis,

are more likely to present with a mean HbA1c value in the normal range (<5.7%), patients

with PDA are more likely to present with a mean HbA1c in the pre-diabetic range (5.7–

6.4%), and that the proportion of patients with diabetic-range HbA1c levels (>6.4%)

increase with more advanced stage of disease. Our study also shows HbA1c as having an

important impact on survival in patients with pancreatic cancer: HbA1c≥6.5 was

significantly associated with inferior overall survival (OS) (HR 1.74, OS 10.2 vs. 13.0

months, p=0.007) in the univariate model and remained as an important factor following

multivariate model analysis with backward elimination, by providing unique contributions to

the fitting that could not be explained by the other variables. Hyperglycemia may indicate a

different, more aggressive tumor biology that leads to worse survival outcomes in PDA

patients. A diabetic-range serum HbA1c may serve as an initial marker of this difference.

PDA-associated DM presents a unique interface between endocrine regulation and

tumorigenesis. Insulin and C-peptide measurements during glucose tolerance tests in
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pancreatic cancer patients suggest abnormal beta cell function and possible insulin

resistance.14 When comparable physiologic insulin levels were achieved in patients with

pancreatic cancer and age/weight-matched healthy controls via insulin infusion, Cersosimo

and colleagues observed that total body glucose use was consistently lower in the pancreatic

cancer patients, consistent with a state of insulin resistance.15 To evaluate beta-cell function

in patients with pancreatic cancer, Basso and colleagues performed a glucagon stimulation

test in patients with PDA, type 1 DM, type 2 DM, and healthy controls.16 Following

glucagon stimulation, no significant increase was observed in C-peptide values of type 1

diabetics and pancreatic cancer patients, whereas significant increases occurred in controls

and type 2 diabetics.16 These results suggest that insulin resistance and altered beta-cell

function found in pancreatic cancer patients likely lead to hyperglycemia, supporting our

finding of elevated HbA1c in patients with PDA compared to BPD.

Although the association between DM and PDA has been of interest to the medical

community for some time, the pathophysiology of PDA-associated DM is not well

understood. Emerging evidence suggests that insulin and insulin-like growth factor-1

(IGF-1) may be involved in tumorigenesis through their role in producing high energy

intake, increased cell proliferation, and suppression of apoptosis.17 In vitro, insulin

stimulates the growth of cancer cells, through interaction with IGF-1 receptors and its own

receptors.18 In observational surveys on type 2 diabetes, insulin therapy is associated with

an increased incidence of several forms of cancer, although it is difficult to discriminate the

effect of confounders from that of insulin itself, and randomized trials do not confirm the

increased risk associated with insulin therapy.19

On the other hand, it has been postulated that PDA-associated DM is a paraneoplastic

phenomenon, caused by a tumor-secreted diabetogenic product.4 Conditioned medium from

PDA cell lines not only inhibits insulin release from beta cell lines20,21 but also impairs

glucose metabolism in peripheral tissues.22–24 Using matrix-assisted laser desorption/

ionization mass spectrometry (MALDI-MS) analysis, rat hepatocytes incubated with PDA

cell line conditioned media were compared to rat hepatocytes incubated with unconditioned

media and sera of patients with PDA, and a low molecular-weight, potential diabetogenic

factor was identified.23,24 Aggarwal and colleagues recently proposed this factor to be

adrenomedullin, a 52–amino acid peptide that is up-regulated in PDA cell lines, impairs

insulin secretion from beta cells, and contributes to the insulin inhibitory effect of PDA cells

in vitro and in vivo.25 In human, adrenomedullin is up-regulated at the gene level, at the

protein level, and in the plasma of patients with PDA, especially those with DM.25

Independent studies have shown resolution of new-onset DM in PDA following tumor

resection,4,26–29 consistent with the hypothesis that PDA-associated DM is caused by a

diabetogenic tumor-secreted product. After pancreaticoduodenectomy, while DM resolved

in 57% of patients with new-onset DM, its prevalence was unchanged in patients with

longstanding DM4. These observations further support the notion that new-onset DM in

pancreatic cancer patients may be driven by a tumor-secreted product.

Our study shows HbA1c to have an important impact on survival in patients with pancreatic

cancer. Glycemic control has been said to reduce morbidity and mortality in specific groups
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of patients, such as critically ill patients. Van den Berghe and colleagues had shown that

intensive insulin therapy to maintain blood glucose at or below 110 mg per deciliter reduced

morbidity and mortality among patients in the surgical intensive care unit,30 and that the risk

of subsequent death and disease was reduced in patients on tight glycemic control treated for

three or more days in the medical intensive care unit.31 Dysglycemia may also have negative

impact on outcomes of hospitalized patients with cancer in terms of infection, mortality,

length of stay, and toxicities.32 A 31% reduction in overall relative risk of cancer (0.69; 95%

confidence interval, 0.61–0.79) was found in subjects taking metformin compared with other

antidiabetic drugs; this association was significant for pancreatic and hepatocellular cancer,

and nonsignificant for colon, breast, and prostate cancer.33 Enhanced glycemic control may

improve outcomes of pancreatic cancer patients, though this hypothesis must be tested in a

prospective randomized fashion before any definitive conclusions can be drawn.

A notable limitation of our study is that the HbA1c level was obtained only at each patient’s

initial visit to the PMDC, therefore only providing a snapshot of glycemic control at one

point throughout the disease course. To further elucidate the role played by glycemic control

in improving survival in PDA patients, it would be worthwhile to obtain HbA1c levels at

regular intervals both during cancer treatment and at regular post-treatment follow-up visits.

CONCLUSIONS

Patients with PDA have higher HbA1c levels at presentation than patients with BPD,

suggesting impaired glucose tolerance among patients with PDA. Severity of glucose

intolerance appears to correlate with more advanced stage of disease at presentation and,

moreover, to be independently related to survival.
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Figure 1.
Plot of mean hemoglobin-A1c (HbA1c) based on disease status.
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Figure 2.
Kaplan-Meier curves for patients with resectable (green), locally advanced (blue), and

metastatic (red) pancreatic ductal adenocarcinoma. Patients are stratified based on HbA1c

level <6.5% (solid line) or ≥6.5% (dashed line) at the time of initial diagnosis.
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Table 3

Independent predictors for OS identified by the final multivariable proportional hazards model after

backwards elimination. All factors showing a significant relationship to overall survival on univariate analysis

were included in the initial model (HbA1c ≥6.5%, age ≥65 years, ECOG ≥1, CA19-9 >90 U/mL, tumor

diameter ≥3cm, and disease stage; see Table 2).

Characteristic HR (95% CI) P

HbA1c ≥ 6.5% 1.46 (0.93, 2.27) 0.097

Age ≥ 65 years 1.64 (1.11, 2.41) 0.012

CA19-9 > 90 U/mL 1.98 (1.32, 12.97) 0.001

ECOG 0 vs. 1 1.35 (0.92, 1.99) 0.131

ECOG 0 vs. 2 2.39 (1.04, 5.51) 0.041

Disease stage R-PDA vs. BL-PDA 1.36 (0.84, 2.21) 0.217

Disease stage R-PDA vs. M-PDA 1.93 (1.14, 3.27) 0.014
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