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Abstract

Background & Aims—Observational studies of predominantly white populations have found
new-onset diabetes to be associated with increased risk of pancreatic cancer. We sought to
determine whether this relationship applies to other races or ethnicities and to identify metabolic
profiles associated with increased risk of pancreatic cancer.
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Methods—We conducted a population-based cohort study of Asian, black, Hispanic and white
patients from Kaiser Permanente Southern California from 2006 through 2016 (n=1,499,627).
Patients with diabetes were identified based on glucose and hemoglobin Alc (HbAlc)
measurements. We used Cox regression to assess the relationship between diabetes status and
duration and pancreatic cancer. For patients with recent diagnoses of diabetes (1 year or less) we
compared longitudinal changes in glucose, HbAlc, and weight, from time of diabetes diagnosis
through 3 years prior to the diagnosis, in patients with vs without pancreatic cancer.

Results—We identified 2,002 incident cases of pancreatic cancer from nearly 7.5 million person-
years of follow-up. Compared to patients without diabetes, individuals who received a recent
diagnosis of diabetes had an almost 7-fold increase in risk of pancreatic cancer (relative risk, 6.91;
95% Cl, 5.76-8.30). Among patients with a recent diagnosis of diabetes, those who developed
pancreatic cancer had more rapid increases in levels of glucose (Aslope: cases, 37.47 mg/dL vs
non-cases, 27.68 mg/dL) and HbAlc (Aslope: cases, 1.39% vs non-cases, 0.86%) in the month
preceding the diagnosis of diabetes, and subtle weight loss in the prior years (slope: cases —0.18
kg/interval vs non-cases 0.33 kg/interval). These longitudinal changes in markers of metabolism
were stronger for specific race and ethnic groups.

Conclusions—In a study of a large ethnically diverse population, we found risk of pancreatic
cancer to be increased among patients with a diagnosis of diabetes in the past year among different
races and ethnicities. Weight loss and rapid development of poor glycemic control were associated
with increased risk of pancreatic cancer in multiple races.

Keywords
racial variation; type 2 diabetes; obesity; pancreas

INTRODUCTION

Pancreatic cancer is an aggressive malignancy that is often late diagnosed because it is
generally asymptomatic at earlier stages.> Understanding its etiology may improve our
ability to identify high-risk patients and enhance earlier detection. While type 2 diabetes has
been recognized as a risk factor for pancreatic cancer in epidemiologic studies,? there is also
evidence that diabetes may be a manifestation of the pancreatic tumor. Past studies have
shown that there is a higher prevalence of new-onset diabetes among pancreatic cancer
cases, and that glucose metabolism improves following tumor resection.34 Although still
unclear, current literature suggests that adults with recent-onset diabetes have a higher
pancreatic cancer risk compared to individuals with long-standing diabetes.2>:6

The relationship between recent-onset diabetes and pancreatic malignancy has been explored
in mainly case-control studies’ or within cohorts of primarily white individuals.8-11
Furthermore, many of the cohort studies consisted solely of diabetes patients and could only
report a standardized incidence ratio because they lacked data on a non-diabetes comparison
group.®-11 We recently demonstrated that African Americans and Latinos with recent-onset
diabetes experienced elevated pancreatic cancer risk compared to those with long-standing
diabetes in the Multiethnic Cohort.12 Other than these latest findings, however, research in
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ethnically diverse populations is quite limited, especially with granular details on metabolic
parameters associated with diabetes (e.g. glucose, hemoglobin Alc [HbAlc], and weight).

To further investigate the relationship between diabetes duration and pancreatic cancer in a
more representative sample, we conducted a retrospective cohort study of patients from
Kaiser Permanente Southern California (KPSC). Our objective was to validate and assess the
generalizability of previous findings by evaluating pancreatic cancer risk in a diverse
population with comprehensive and longitudinal medical information from electronic health
records. In addition, we aimed to establish a metabolic profile of diabetes patients to help
characterize those who are at high risk of developing pancreatic cancer.

Study Population

We conducted a retrospective cohort study of patients from KPSC, a large integrated health
system throughout Southern California. KPSC’s diverse member population of over 4
million individuals is representative of the Southern California region.13 All patient data,
including information on hospital visits, diagnosis codes, and laboratory tests, are stored in
the electronic health record.

Patients were eligible for the study if they met the following inclusion criteria during 2006—
2016: aged 45-90 years, =2 years of continuous membership, and available information for
body mass index (BMI), smoking, and alcohol use. The two-year membership requirement
was used to ensure that individuals were in the KPSC system long enough to establish an
accurate medical history. Otherwise eligible patients were further excluded if they did not
have a glucose (fasting, random or oral glucose tolerance) or HbAlc measurement
(N=67,486), were not in the four major race/ethnicity groups (Asian, non-Hispanic black,
Hispanic, non-Hispanic white) (N=80,801), or had a prior diagnosis of pancreatic cancer
(N=523) (Figure 1). The date of cohort entry was the January 15t of the first year after the
patient met all inclusion criteria (e.g. if a patient met the final inclusion criterion in
December 2006, the cohort entry date would be January 1, 2007).

This study was approved by the KPSC Institutional Review Board (IRB).

Exposure Assessment

Individuals were identified as having diabetes if they had any of the following laboratory-
based glycemic measurements according to American Diabetes Association (ADA)
guidelines: HbAlc =6.5%, fasting glucose =126 mg/dL, random glucose =200 mg/dL or
two-hour oral glucose tolerance test 2200 mg/dL. The date of the earliest test within the
diabetes range was considered the diabetes diagnosis date. Individuals were classified as
prevalent diabetes if their diabetes diagnosis was on or before cohort entry and were
categorized as incident diabetes if the diagnosis was after cohort entry. For incident diabetes
patients, we evaluated diabetes duration as <1 year and >1 year using the time elapsed since
diabetes diagnosis.
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Assessment of other covariates

Outcome

Covariate data were obtained from the most recent record prior to cohort entry. BMI was
grouped into <25, 25-30, =30 kg/m?, smoking was categorized as never, former, and current,
and alcohol was treated as a dichotomous variable. Pancreatitis (yes vs. no) was identified
using International Classification of Diseases (ICD) codes (ICD-9: 577.0, 577.1; ICD-10:
K85.x, K86.0, K86.1) and family history of pancreatic cancer (yes vs. no) was attained from
the patient history files. Education information was obtained from the geocoding databasel3
and was categorized as high school or less, some college, and college graduate.

Our primary outcome of interest was time from cohort entry to pancreatic cancer diagnosis.
Patients in the final study cohort were censored at the first of the following: death, end of
membership or end of study on December 31, 2016. Pancreatic cancer cases were identified
from the internal KPSC cancer registry, which reports to the Surveillance, Epidemiology and
End Result (SEER) program and meets its high reporting standards.14 Mortality information
was obtained from inpatient records, the internal cancer registry and the California state
death index.

Statistical Analyses

Baseline characteristics were compared across diabetes status using ANOVA for age and
chi-square tests for all other variables. Pancreatic cancer incidence rates, age-standardized to
the United States 2000 standard population and truncated to age 45+, were calculated for
each group.

The relationship between diabetes and pancreatic cancer incidence was analyzed using Cox
proportional hazards regression. Both diabetes status (prevalent, incident vs. hone) and
duration (incident <1 year, incident >1 year, vs. none) were treated as time-varying
exposures. All models included age at cohort entry, gender, race/ethnicity, smoking status,
BMI, alcohol intake, family history of pancreatic cancer, pancreatitis, and education as
covariates.

Additional analyses were conducted within subgroups defined by gender, race/ethnicity,
BMI, smoking status, alcohol intake and pancreatitis. Heterogeneity was evaluated using
models with an interaction term for the exposure (diabetes status/duration) and the subgroup
variable of interest.

Schoenfeld residuals were used to confirm no violation of the proportional hazards
assumption, while Martingale and deviance residuals were used to evaluate model fit. All
analyses were conducted using SAS 9.3 (Cary, NC).

Metabolic Profiling of Incident Diabetes Patients

To investigate which patients are at highest risk for pancreatic cancer, we evaluated
metabolic profiles of incident diabetes patients at different timepoints of diabetes
progression. Specifically, we examined fasting glucose, HbAlc and weight measurements
from diabetes diagnosis up to three years prior in six-month intervals. For the time period
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containing the diabetes diagnosis, we included all measurements up to 30 days before and
after diagnosis. If a patient had multiple measurements within a given interval, the average
of those measurements was used.

Longitudinal changes in these metabolic markers were assessed using generalized estimating
equations with the metabolic marker as a continuous outcome, time period as the exposure
(to model the trend), age, gender and race as covariates, and patient as the clustering
variable. Due to large increases in glucose and HbAl1c during the period immediately prior
to diabetes, the models for these markers included a spline term at this time interval (6
months to 1 month prior to diabetes) to model the change in trend. All models were run
separately for patients with and without pancreatic cancer. Heterogeneity between cases and
non-cases was evaluated using models with an interaction term for time period and case
status. The models for glucose and HbA1c also included an interaction for the spline term
and case status.

Furthermore, we ran all of the aforementioned models within race/ethnicity subgroups to
evaluate whether the trends or changes in slope between cases and non-cases varied by race/
ethnicity. Overall heterogeneity for the trend was evaluated using a model with two-way
interactions for time period by case status, case status by race, and time period by race, and a
three-way interaction for time period, case status and race. For glucose and HbAlc, we
examined overall heterogeneity for the change in slope using two-way interactions for the
spline term by case status, case status by race, and spline term by race, and a three-way
interaction for the spline term, case status and race. The p-values for the three-way
interactions were used to determine whether there was significant heterogeneity in the trend
or change in slope by both case status and race/ethnicity.

Sensitivity Analyses

To assess the accuracy of the identification of incident diabetes, we re-ran all analyses
dropping incident diabetes patients who did not have a prior metabolic test in the normal
range (3.5%) or had a prescription for metformin within the past year (7.7%). In order to
address the potential effects of diabetes treatment, we also re-ran the metabolic profile
analyses dropping metabolic measurements taken within the 30 days after diabetes
diagnosis. We also repeated the analyses using patient-day-weighted averages to account for
multiple measurements in a given day. Given the ADA’s recommendation changes in 2010
to use HbA1c for diabetes screening®®, we re-ran the metabolic analyses stratified by
patients who were diagnosed with diabetes before (16.1%) and after (84.9%) 2010 to
address potential differences in glycemic test ordering. Results were unchanged in all
situations and thus we only present findings from the original models.

RESULTS

The final study cohort consisted of 1,499,627 patients at-risk for pancreatic cancer. The
study population was on average 57.9 years old (standard deviation 10.9) and consisted of
55.2% females. Whites comprised nearly half of the cohort (45.7%), followed by Hispanics
(32.5%), Asians (11.1%) and blacks (10.7%). From nearly 7.5 million person-years of
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follow-up, 2,002 persons developed pancreatic cancer, translating to an age-adjusted
incidence rate of 30.7 cases per 100,000 person-years.

Among the entire cohort, 110,699 developed incident diabetes (7.4%), 332,932 had
prevalent diabetes (22.2%) and 1,055,996 never had diabetes (70.4%). Age-adjusted
incidence rates for pancreatic cancer were highest in incident diabetes patients (43.7 cases
per 100,000 person-years), followed by prevalent diabetes patients (41.2 cases per 100,000
person-years) and lowest in non-diabetes patients (23.8 cases per 100,000 person-years).
Prevalent and incident diabetes patients were more likely to be older, male, non-white,
former smokers, and non-alcohol users. These individuals also tended to have higher BMI,
lower education, and pancreatitis (Table 1). Within the race/ethnicity subgroups, blacks
(26.5%), Hispanics (25.2%) and Asians (24.6%) had the highest proportion of prevalent
diabetes while blacks (9.2%) and Asians (8.9%) had the greatest proportion of incident
diabetes (Supplemental table 1).

Pancreatic cancer risk was elevated three times for incident diabetes (relative risk [RR] 3.17,
95% CI 2.75-3.65) and roughly two times for prevalent diabetes (RR 1.85, 95% CI 1.67-
2.05) compared to individuals without diabetes. When evaluating diabetes duration, patients
with incident diabetes for <1 year and >1 year had almost seven times (RR 6.91, 95% ClI
5.76-8.30) and two times (RR 1.96, 95% CI 1.62—2.38) the risk of pancreatic cancer,
respectively, compared to individuals without diabetes. Similar patterns of associations for
diabetes status/duration were present across all race/ethnicity subpopulations (Table 2), as
well as within subgroups of gender, BMI, smoking status, and alcohol intake (Supplemental
tables 2 & 3).

Metabolic Profiling of Incident Diabetes Patients

Among the 110,699 incident diabetes patients, 306 individuals were diagnosed with
pancreatic cancer, with an average time of 1.5 years (standard deviation 1.8 years) from
diabetes to pancreatic cancer diagnosis. Approximately 75% of patients had glucose
measurements at diabetes diagnosis and 25-38% had measurements in the preceding time
intervals. For HbAlc, 68% had measurements around diabetes diagnosis and 10-14% had
measurements in the periods before. For weight, around 90% had measurements at diabetes
diagnosis and 65-80% had measurements in the prior intervals.

When evaluating changes in metabolic markers over time (Table 3), cases and non-cases had
similar values and minor increases in fasting glucose in the three years to one month prior to
diabetes diagnosis (cases: 1.19 mg/dL/interval; non-cases:; 0.81 mg/dL/interval; p-
heterogeneity=0.06). However, the change in slope immediately before diabetes diagnosis
was much higher for cases compared to non-cases (cases: 37.47 mg/dL; non-cases: 27.68
mg/dL; p-heterogeneity<0.01; Figure 2a). This pattern was similar for HbAlc, where cases
and non-cases had similar values and trends up to one month prior (cases: 0.03%/interval;
non-cases: 0.04%/interval; p-heterogeneity=0.38), but cases had a much larger change in
slope compared to non-cases during the interval right before diabetes (cases: 1.39%; non-
cases: 0.86%; p-heterogeneity<0.001; Figure 2b). For weight, cases had a non-significant
negative trend, while non-cases had a significant increasing trend over time (cases: —0.18 kg/
interval; non-cases: 0.33 kg/interval; p-heterogeneity<0.001; Figure 2c). In contrast to
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glucose and HbA1c, differences in weight between cases and non-cases were observed
starting from three years prior to diabetes (Figure 2).

Though there was no overall significant heterogeneity by race/ethnicity, patterns in the
trends appeared to be stronger for specific subgroups (Table 3). For glucose, the difference
between cases and non-cases for the change in slope was greatest among blacks and Asians,
while there was hardly any difference among Hispanics (Supplemental figure 1). For
HbA1c, whites and blacks had the largest differences between cases and non-cases for the
change in slope (Supplemental figure 2). For weight, the negative trend for cases was
strongest among Hispanics (Supplemental figure 3).

DISCUSSION

In this study, we evaluated the influence of diabetes status, diabetes duration, and metabolic
profiles on pancreatic cancer risk within a large and diverse population-based cohort. We
observed that patients with incident and prevalent diabetes had three and two times the risk,
respectively, of pancreatic cancer compared with patients without diabetes. In addition, this
risk was elevated nearly seven times for incident diabetes patients with <1 year of disease
duration. Among incident diabetes patients, those who developed pancreatic cancer had
greater increases in fasting glucose, HbAlc and weight loss in the time leading up to
diabetes. The longitudinal changes in metabolic characteristics between cases and non-cases
also appeared to be more pronounced for specific race/ethnicity groups.

Prior epidemiologic studies have found that diabetes is associated with a two times higher
risk of pancreatic cancer, with higher risks observed for those with shorter disease durations.
26 Our main findings are generally consistent with past research, as both incident and
prevalent diabetes patients had around a two to three times greater risk compared to non-
diabetes patients. The elevated risk among incident diabetes patients was driven primarily by
the seven-fold increased risk for those who had diabetes for <1 year, while those with longer
disease durations had risks resembling that of prevalent diabetes patients. These results add
support for the hypothesis that pancreatic cancer patients with diabetes for shorter periods
may actually have a distinct form of diabetes that is induced by the pancreatic tumor.3:

Importantly, we observed that these patterns of association were similar across race/
ethnicity. Most of the prior literature on diabetes duration has been focused on white
populations and only a sparse number of studies have examined this relationship among
minorities.12-16.17 Despite this, our results are congruent with previous research showing that
shorter durations of diabetes are also associated with higher pancreatic cancer risk among
non-whites. To our knowledge, this is the first population-based cohort study to evaluate
multiple race/ethnicity groups with sufficient power to detect a range of associations.

In our metabolic profiling of incident diabetes patients, we found that pancreatic cancer
cases and non-cases had similar levels of fasting glucose and HbA1c in the time before
diabetes, but cases had much higher increases in these glycemic markers in the final month
preceding diabetes. Conversely, cases consistently had lower weight compared to non-cases,
and both groups had subtle, yet opposite, trends in weight measurements leading up to
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diabetes. Interestingly, differences in weight between cases and non-cases predated the time
when the glycemic markers started to differ across case status. Though the degree of weight
loss across the two groups was minor, our results indicate that weight changes may occur
earlier in the pathogenesis of pancreatic cancer.

These metabolic changes have been associated with pancreatic cancer in past studies of new-
onset diabetes8-20 and have been identified as significant parameters in recent risk
prediction models. 21:22 In particular, the Enriching New-onset Diabetes for Pancreatic
Cancer model from the Mayo Clinic reported that increases in blood glucose and weight loss
by diabetes diagnosis were predictive markers of pancreatic cancer risk.22 Additionally, the
model developed in The Health Improvement Network in the United Kingdom found that
higher levels of HbAlc and larger decreases in BMI at diabetes diagnosis were also
significant predictors of pancreatic malignancy.?! As these previous studies were all
conducted in mainly white populations, our study is the first to show that these metabolic
changes can also be used to determine risk in heterogeneous populations with different
lifestyles and genetic susceptibilities. The general consistency in findings across multiple
racial/ethnic groups suggests that prediction models developed in predominantly white
individuals?1-22 would apply broadly to minority populations in the United States.

Our results may have important clinical implications for the early detection of pancreatic
cancer among new-onset diabetes patients. Understanding these metabolic trends across
cases and non-cases can help guide the development of prediction algorithms that utilize
prior routine measurements of weight and glycemic markers. These models can also
incorporate race/ethnicity-specific trends in their risk calculations, as some patterns seemed
to be stronger in certain race/ethnicity subgroups. For instance, based on our findings, the
formula for blacks and whites could have greater weight on HbAlc, while the model for
Hispanics could have a larger effect from changes in adiposity. Finally, there appears to be a
potential critical window for improved screening and intervention, given that the average
time between diabetes and pancreatic cancer in our cohort was 1.5 years. When evaluating
the 306 incident diabetes patients with pancreatic cancer, we observed that trends in
metabolic markers began to shift around 1.5-2 years prior to pancreatic cancer diagnosis,
roughly corresponding with the onset of diabetes (Supplemental table 4/Supplemental figure
4).

The major strengths of this study include the diverse patient population and the largest
number of pancreatic cancer cases among all past cohort studies, which make our findings
more robust and generalizable. Establishing a cohort from members of an integrated health
system further assured that individuals had similar healthcare access and were less likely to
be lost to follow-up. We also had more reliable and complete data by using the prospectively
collected electronic health records. In particular, using glucose and HbAlc tests for both
exclusion criteria and case ascertainment controlled for healthcare utilization and improved
the accuracy of identifying diabetes patients, respectively. Though this excluded a large
subset of patients, this was done to maximize the specificity of diabetes classification and to
ensure that we could properly evaluate their glycemic profiles. Of note, we had considerable
concordance with diabetes identified by ICD code (73%), and only <0.5% of eligible
patients with diabetes ICD codes were missing glycemic measurements. Finally, this is the
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first study to evaluate longitudinal trends in metabolic markers across multiple race/ethnicity
groups.

However, only a proportion of patients had available metabolic measurements in each time
interval, so our findings for metabolic changes are based on a subset of patients that have
more clinic visits. This could include a spectrum of patients from healthy individuals
compliant with annual physicals to individuals with greater disease burden that necessitates
more frequent encounters. The smaller subset appeared to limit the power in the race/
ethnicity subgroup analyses, as the differences between cases and non-cases in the change in
slope for glucose and HbA1c were not significant among non-white subgroups. However,
these results became significant after combining the data for all non-white patients together.
Furthermore, many patients were excluded due to missing data on BMI, smoking and
alcohol. These were primarily patients whose memberships ended during the early years of
the study period when the electronic health record system was being implemented in KPSC,
so information on these risk factors was not available and could not be imputed. Lastly, we
did not have much information on systemic insulin levels, another potential important
metabolic biomarker,23 as this lab test is not frequently ordered by KPSC providers.

In this population-based cohort study, we illustrate that the elevated pancreatic cancer risk
associated with new-onset diabetes is also present among multiple racial/ethnic minorities.
Additionally, the metabolic profiles of these incident diabetes patients appear to have distinct
patterns for certain race/ethnicity groups, suggesting that some biomarkers could have more
clinical relevance or utility for specific populations. These findings offer more insight into
the complex diabetes-pancreatic cancer relationship and may help guide decisions towards
tailoring prevention techniques and methods for identifying patients most appropriate for
screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Need to Know
Background

Observational studies of predominantly white populations have found new-onset diabetes
to be associated with increased risk of pancreatic cancer.

Findings

In a study of a large ethnically diverse population, we found risk of pancreatic cancer to
be increased among patients with a diagnosis of diabetes in the past year among different
races and ethnicities. Weight loss and poor glycemic control were associated with
increased risk of pancreatic cancer in multiple races.

Implications for patient care

Patients with a recent diagnosis of diabetes should be evaluated for pancreatic cancer.
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KPSC members aged
45-90 from 2006-2016

N=2,919,252

- <2 yrs continuous membership

" (N=895,325)

\ 4
Members with 2+ years
membership

N=2,023,927

- Missing BMI (N=113,724)
- Missing smoking (N=131,821)
- Missing alcohol (N=296,111)

Eligible patients

N=1,639,828
] - No HbA1c or glucose test (N=67,486)
- Other/unknown ethnicity (N=80,801)
- Previous pancreatic cancer (N=523)
Study cohort
N=1,499,627
' ' I
No diabetes Incident diabetes Prevalent diabetes
N=1,055,996 N=110,699 N=332,932
Pancreatic cancer Pancreatic cancer Pancreatic cancer
N=937 N=306 N=759

Figure 1:
Flowchart of study cohort
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Predicted mean values of (a) fasting glucose, (b) HbAlc and (c) weight during the three
years prior to diabetes, across pancreatic cancer status
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