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Abstract

Background & Aims: Of subjects with new-onset diabetes (based oceghya) over the age of
50 years, approximately 1% are diagnosed with meaaticr cancer within 3 years. We aimed to
develop and validate a model to determine risk arigpeatic cancer in individuals with new-
onset diabetes.

Methods: We retrospectively collected data from 4 indepsmdnon-overlapping cohorts of

patients (n=1561) with new-onset diabetes (basedglgnemia; data collected at date of
diagnosis and 12 months before) in the RochestateBpology Project, from January 1, 2000

through December 31, 2015 to create our model. mbdel weighed scores for the 3 factors
identified in the discovery cohort to be most sgignassociated with pancreatic cancer (64
patients with pancreatic cancer and 192 with tygkabetes): change in weight, change in blood
glucose, and age at onset of diabetes. We callednodel enriching new-onset diabetes for
pancreatic cancer (END-PAC). We validated the Idetewn model and cutoff score in an

independent population-based cohort of 1096 patiesith diabetes; of these 9 patients (.82%)
had pancreatic within 3 years of meeting the ddtéar new-onset diabetes.

Results: In the discovery cohort the END-PAC model idaatf patients who developed
pancreatic cancer within 3 years of onset of dedbetith an area under the receiver operating
characteristic curve value of 0.87; a score_of déntified patients who developed pancreatic
cancer with 80% sensitivity and specificity. In traidation cohort, a score of >3 identified 7/9
patients with pancreatic cancer (78%), with 85%cHp#y; the prevalence of pancreatic cancer
in subjects with score of >3 (3.6%) was 4.4-foldrenthan in patients with new-onset diabetes.
A high END-PAC score in subjects who did not haemgeatic cancer (false positives) was
often due to such factors as recent steroid uskfferent malignancy. An END-PAC score <0
(in 49% of subjects) meant that patients had aremdly low-risk for pancreatic cancer. An
END-PAC score_>3 identified 75% of subjects in tiscovery cohort >6 months before a
diagnosis of pancreatic cancer.

Conclusions. Based on change in weight, change in blood glycose age at onset of diabetes,
we developed and validated a model to determirkeofipancreatic cancer in patients with new-
onset diabetes, based on glycemia (the END-PAC modie independent, prospective study is
needed to further validate this model, which cocdatribute to early detection of pancreatic
cancer.

Keywords: END-PAC, biomarker, pancreas, screening



Introduction

Pancreatic ductal adenocarcinoma has a dismal §99éar survivdl, largely because the
majority (85%) of pancreatic cancer is diagnoseanaaddvanced stage. Developing strategies for
early detection of resectable sporadic pancreaticer are critical for improving survivaSince
pancreatic cancer is uncommon (annual incidencE087000 in subjects >50 years of §ga 3-
step (DEF) approach to its early detection has Iseggestet (1) Define a high-risk group for
pancreatic cancer, (2) Enrich the high-risk grougthier for pancreatic cancer and (3) Find the

lesion in the highly enriched cohort.

The only known high-risk group for sporadic pantieaancer is that of subjects >50
years of age with glycemically defined new-onsebeie& Compared to the general population,
such subjects have a 6-8-fold higher risk of bedimpgnosed with pancreatic cancer within 3
years of first meeting glycemic criteria for newsenh diabetes, with a 3-year incidence of
pancreatic cancer being ~1%Currently new-onset diabetes in type 2 diabeT&sNOD) is
indistinguishable from new-onset diabetes in paataeancer (PC-NOD). Facilitating the utility
of a clinical work-up for pancreatic cancer in nemset diabetes requires identifying a very

high-risk group for pancreatic cancer.

Three previous prospective studigsave included some form of enrichment strategy to
identify pancreatic cancer among those with inddphysician-diagnosed new-onset diabetes.
While the cohorts were clearly enriched for panticeg@ancer (prevalence 2.5-12%), all
identified pancreatic cancers were at advancede’stadikely due to use of markers of late
cancer for risk-stratification. Two recent retrosfpee studies using large databases, the Veterans

Administration databa8and The Health Improvement Network (THIN) dataBasehe United



Kingdom, estimated pancreatic cancer incidencéhysigian-diagnosed new-onset diabetes, and
proposed models for enriching the cohort for paaticecancer. They found the 3-year incidence
of pancreatic cancer to be 0.25% and 0.4%, reyadgtconsistent with incidence reported in
studies using physician diagnosed diab&tésit these are significantly lower than in studies
using glycemically-defined new-onset diabetes, #vious and this current study. Munigala
et af concluded that despite a 4-fold enrichment, tleglance of pancreatic cancer in physician

diagnosed new-onset diabetes is too low to waftatiter study.

Nearly 60% of pancreatic cancer in new-onset degbetccurs within 12 months of its
glycemic onsét ' Since physician diagnosis of diabetes occurs hsotd years after diabetes

onset!4

the strategy of using new-onset diabetes as & fduearly diagnosis of pancreatic
cancer would be most effective if new-onset diabéseidentified at its glycemic onset rather
than at its clinical diagnosis. Our goal was toelep a model that can be used concurrently with

glycemic onset of new-onset diabetes.

We developed our model based on three previoustigdnfeatures that distinguish T2-
NOD from PC-NOD. While T2-NOD is often accompanibg weight gaif, PC-NOD
paradoxically occurs in the face of weight f[6s€ Progression from normal fasting glucose to
T2-NOD is a slow process occurring over ~8 y&arswhile PC-NOD progresses rapidly, over
2-3 year§" % Patients with T2-NOD are younger at diabetes mbagg’ than patients with
pancreatic canc®r In our Discovery Set of T2- and PC-NOD subjects eonfirmed these

features.

We created and tested various models based onfdradsees. The best predictiveness for

pancreatic cancer was provided by a model thauded ageAweight andAblood glucose over



previous year as categorical variables. The wetystre, we call the Enriching New-onset
Diabetes for Pancreatic Cancer (END-PAC) Scoressdias new-onset diabetes subjects into
high-, intermediate- and low-risk groups for pamati@ cancer. We validated the score in a
population-based glycemically-defined new-onsebeliias cohort. An END-PAC Score of >3
significantly enriched the new-onset diabetes cofar pancreatic cancer, even those with >6
months lead time to pancreatic cancer diagnosifelfextremely high risk of pancreatic cancer
in the END-PAC cohort is validated, we believe titatvould warrant clinical work-up for

pancreatic cancer.
Patients and M ethods

This study was approved by the Mayo Clinic Fouratatnstitutional Review Board and
Olmsted Medical Center Institutional Review Boaiithe Rochester Epidemiology Project
(REP), a unigue medical records linkage systemddray NIH since 1966, collects, collates,
and indexes patient-level data from all health gaowviders in Olmsted County, Minnesota and
the surrounding 27 county aféa®* and allows for accurate population-based epidemgiol

research.
Cohorts assembled:

We assembled the following 4 independent, non-appihg cohorts from the REP
resources: Three retrospectively identified andogated cohorts (Discovery Set of PC-NOD
[n=64], Discovery Set of T2-NOD [n=192], and a ptgtion-based new-onset diabetes
Validation Set [n=1096]) and a prospectively idBati cohort of new-onset diabetes subjects
recruited into a pilot screening study for pandea&ncer in new-onset diabetes (Examination of

the Pancreas in New-onset Diabetes [EXPAND] trfiah100) (NCT0200133). All new-onset



diabetes subjects in Olmsted County between JariiaB000 to December 312015 (n=1561)

were identified using a glycemic definition of debs (Supplementary material, Table 1).
Among these subjects, 1288 (83%) had availableptiee data on weight and blood glucose
between 3 and 18 months prior as well as whenrfiestting new-onset diabetes criteria (paired
data). Those T2-NOD with data between Janudry2007 to December 312008 formed the

T2-NOD Discovery Set (n=192), and all new-onsetbdias subjects in the remaining years
formed the Validation Set (n=1096). An independmftort of pancreatic cancer with new-onset

diabetes identified from the 28 counties coveredEy formed the Discovery Set for PC-NOD.

Clinical and laboratory data were abstracted asaindevelopment required. Paired data
on weight plus values for fasting blood glucose @End/or estimated average glucose (EAG)
(both generically referred to as blood glucose [B&]new-onset diabetes date and between 3
and 18 months prior to new-onset diabetes date. BAS calculated as 28.7*HbAlc-46.7.
Supplementary Figure 1 provides further detailea# we calculated EAG and the algorithm for
selection of BG and weights for calculating theafiscore. Overall, 1288 T2-NOD and 73 PC-

NOD could be scored.

The subjects in one or more of the above-describédpendent cohorts were used to

determine the following:

1. Incidence of pancreatic cancer in new-onset diabetes: This was defined from the
population-based new-onset diabetes cohort fronualgnt', 2000 to December %1 2015
(n=1561).

2. Development of models: Using Discovery Sets for T2- and PC-NOD a uniafri

(parametric and non-parametric) analysis was peidrand characteristics showing significant



differences (p<.05) between PC- and T2-NOD subjeet® included for further analysis. The 3
highly discriminatory characteristics (age, BG pesgion ABG] and change in weight
[Aweight]) of PC and T2-NOD were analyzed as contirsuand as categorical variables. Three
new-onset diabetes models were created and compdoei@l A) weight loss of >2.5 kg, Model
B) Aweight (kg in categories) ABG (mg/dl) + age (categories) and Model Gyveight (kg in
categories) ABG category + age (categories) (Tables 1 and 2)ntaxlel B and CAweight
was categorized based on the distribution of wealainge prior to new-onset diabetes date in
the PC- and T2-NOD Discovery sets (supplementagyriei 2). For model C, th€BG categories
were based on the American Diabetes AssociatiorA)Addassification but adding 2 categories:
100 to 109 mg/dl and >160 mg/dl (Table 1). Modéhad a binary score (1 or 0). For Models B
and C criterion (cutoff) scores were defined fraeneiver operating characteristic (ROC) curves
based on Youden index. Models and criterion scoefged in the Discovery Cohort were
validated in the Validation cohort without furthetjustments to the model.

3. Validation of Model score: Using the population-based glycemically definegvh
onset diabetes cohort (n=1096) we scored all stsj@e per the three model scoring systems
(Table 1 and 2). We compared performance of the@ats in the Validation Cohort based on 4
parameters, viz. sensitivity (proportion of pantieaancer identified), specificity (% of T2-
NOD with scores below cutoff), enrichment (cancervalence in Model-defined cohort above
cutoff) i.e. positive predictive value (PPV), anajportion of T2-NOD in low-risk category, i.e.
negative predictive value (NPV).

4. Risk-stratification by model in all new-onset diabetes subjects: Distribution of
scores was analyzed in all identified T2-NOD (n=828nd PC-NOD (n=73) subjects to validate

our criterion score that defined high-, intermegliand low- risk categories.



5. Causes of false positive score for high-risk category: A random selection of T2-
new-onset diabetes with false positive END-PAC ssqin=100) were manually reviewed to
determine etiology of false positives and the prtpo that might be excluded in a prospectively
done study (e.g., concurrent non-pancreatic canders was tested in the prospectively
assembled EXPAND trial cohort.

6. Sensitivity of score with increasing lead time: All identified PC-NOD (n=73)
were classified by lead time defined as intervalvieen date of first meeting glycemic criteria
for new-onset diabetes and cancer diagnosis (42, 82-18 and >18 months). The sensitivity of
the chosen criterion score was determined.

Sensitivity analysis

Selection of BG in the preceding ~1 year: We compared the final END-PAC score in the
population-based validation Cohort using the lowdsghest and mean BG value in the

preceding ~1 year.

Use of similar paired BG values. We compare the final END-PAC score in the
population-based validation Cohort using the subjadth paired FBG data onlys. paired EAG

only vs. mixing FBG and EAG.
Statistical analysis

Statistical analyses were carried out using comiaesoftware (JMP, version 10.0, SAS
Institute Inc.). All the results are expressed asamn (standard deviation [SD]) or median
(interquartile range [IQR]) as appropriate. TherBea'sx? test was used to compare categorical

variables. The two-tailed test was used to compare continuous variali@sen the binary
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outcome, the final predictors for the model wertngsted using a logistic regression analyses. A

p value of <.05 indicated statistical significance.
Results

Incidence of pancreatic cancer in new-onset diabetes: Between January® 2000 and December
31%, 2015, there were 1561 Olmsted County resident yd&ars of age who first met the
glycemically-defined new-onset diabetes criterif,wdhhom 16 (1.0%) developed pancreatic

cancer with 3 years of meeting criteria for neweairtiabetes.

Development of models: Significant differences between PC- and T2-NODenidentified in the
Discovery Set (Table 3). Multivariate logistic regsion showed weight losSBG category, age
andABG to have significant Likelihood Ratio in the desding order (Table 3). Proportionate to
their likelihood ratios Aweight scores increased by 2 points per categompeced toABG (1
point). From these variables we created and cordgaraodels created (A, B and C described in
Methods) in the Discovery and Validation cohortoddl C performed the best and was labeled
Enriching New-onset Diabetes in Pancreatic Can&MD-PAC) model (Table 2). In the
Discovery cohort, subjects with T2-NOD had a loweran END-PAC score compared with PC-
NOD (5 vs 0; p<.001). The area under the Receiymré&ling Characteristic curve (ROC) for the
END-PAC Model was 0.87; a cutoff score of >3 hadeasitivity of 80%, and specificity of
80%. This cutoff score was validated in an indegengopulation-based glycemically-defined
new-onset diabetes cohort that did not differ ofipg from the Discovery cohort (supplementary

table 1).

Validation of END-PAC Cohort: Of 1096 glycemically-defined new-onset diabetesjexttb in

the validation set, 9 pancreatic cancers were ifteht(0.82%). An END-PAC score of >3



11

identified 7 pancreatic cancers with a sensitiaty78%, specificity of 82% and enriched the
pancreatic cancer prevalence of 0.82% in the ptipnkpased cohort to 3.6% (4.4 fold) in END-
PAC model-defined cohort, (predictiveness curugstiiated in Figure 1). A total of 370 subjects
(33%) had an END-PAC score of 2 or 1, with 2 sulgjeteveloping pancreatic cancer within 3
years (0.54%). A total of 530 subjects (48%) hadEAD-PAC score of <0 with no pancreatic

cancer was identified in this low risk group.

Risk stratification by END-PAC score in all new-onset diabetes subjects: When the distribution
of scores were analyzed in all T2-NOD (n=1288) B&NOD (n=73), 56 PC-NOD (77%) had
an END-PAC score of >3 compared to 248 T2-NOD (19%yure 2A). Fifteen PC-NODs
subjects (21%) had an END-PAC score of 1 or 2 coathto 408 T2-NOD subjects (32%). Two

PC-NODs subjects (2%) had an END-PAC score <0 ®TEG3NOD subjects (49%).

Causes of false positive scores in the high-risk category: Of 100 T2-NODs from the Discovery
and Validation set who had high END-PAC scores ,(22) had an active malignancy, 10 had
end-stage disease (e.g., heart, kidney, liver,rathchdementia), 8 had steroid-induced diabetes,
and 2 were severely ill needing parenteral nutritibwelve patients had rapid gain in weight (>4
kg) in months preceding date of glycemically-definrgew-onset diabetes followed by weight
loss. In 45 T2-NOD patients (45%), no identifialbkuse was found to explain high the END-

PAC score.

The proportion of false positive fraction was vated in a prospectively identified glycemically-
defined new-onset diabetes cohort of 74 subjedms fthe EXPAND trial which included 1
pancreatic cancer (1.3%). The false positive ra2eNOD with an END-PAC >3) was 13 (17%)

while 42 subjects (57%) had an END-PAC score of <0.
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Sensitivity of END-PAC score with increasing lead time: The END-PAC score had a higher
sensitivity in subjects with lead time <6 month8%¥8 compared with lead time (months) of 6 to

12 (73%), 12 to 18 (70%) and >18 (71%) (Figure 2B).

Sensitivity analysis

SHlection of BG in the preceding ~1 year: There was no difference in the mean END-PAC score
of subjects after lowest, highest and mean BG vadywoceeding ~1 year (0¥. 0.5vs. 0.5;

p=.52)

Use of similar paired BG values: There was no difference in the mean END-PAC saire
subjects with paired FBG onlys. paired EAG onlys. mixed FBG or EAG (0.8s. 0.4vs. 0.5;

p=.24).

Discussion

We have developed and validated a score whichfssasubjects over age 50 years into
high-, intermediate- or low-risk groups for pand¢ieaancer at the time they first meet glycemic
criteria for diabetes. The 3-year incidence of paatic cancer in glycemically-defined new-
onset diabetes was ~1% and increased to 3.6% ge twdh an END-PAC score of >3 (END-
PAC Cohort), which would warrant clinical work-upigure 3). A negative END-PAC score
(<0) has a very high negative predictive valuegdancreatic cancer; subjects with these scores
should be managed as T2-NOD. The remaining 25%NPD patients have an END-PAC
Score of 1 or 2; the 3-year incidence of pancreaditcer in this group is 0.5%; biomarkers may

help enrich this cohort for pancreatic cancer.
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Our model has a strong clinical rationale. It isdzhon the features of PC- and T2-NOD
that others and we have consistently observedriougcohorts studied over past two decides
2528 yiz., the paradoxical development of diabetethimface of weight loss in PC-NOfS **
and, weight gain in T2-NOE’. This paradox provides clues to the as-yet unknpathogenesis
of diabetes in pancreatic cancer. It is also tlsoa the model maintains its sensitivity even in
those who develop PC-NOD >12 months before clirdéajnosis. The model also accounts for
the fact that mean age at T2-NOD (~52 years) ietawan the mean age at PC-NOD diagnosis
(~71 years).

However, if one simply summarized the model by ¢bacept of “new-onset diabetes +
weight loss = pancreatic cancer”, one would sehousderutilize the power of the model to
both enhance sensitivity and enrich the cohorfpfmcreatic cancer (Figure 4). This is because
the concept fails to capture two characteristiéedénces between T2-NOD and PC-NOD with
regard to their glycemic progression, viz. i) slpwogression from normal fasting glucose to
new-onset diabetes over ~8 years in T2-N®Bvs. rapid worsening of prediabetes in PC-NOD
over 2-3 years leading to ii) significantly highelpod sugars at PC- vs T2-NO&D* Here too
there is a nuance that enhances the performanddeoimodel. A simpleABG is not as
informative asABG category used in the model (Table 3). For examgABG of 30 mg/dl over
1 year does not discriminate between an increab8@ from 118 mg/dl to 148 mg/dl (common
in T2-NOD) from an increase in FBG from 105 mgalll85 mg/dl (frequently seen in PC-NOD,
but not in T2-NOD). The model uses FBG and EAG, tyite different glycemic parameters,
interchangeably. While EAG is a glycemic indicatdraverage glucose control derived from
HbAlc, FBG provides an indication of glucose cohabthe time of the blood test. Our data

show that their interchangeable use in the modkhdt affect the score (see Results). This likely
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reflects the use of categories for BG rather tHzsolute values and stronger influence of weight
loss on the score. The use of FBG, EAG or highéwevaf the two when both are available
reduces the proportion of subjects with missingguhiBG values to <15% enhancing model
performance compared to use of paired FBG or EAG.

When more than one BG value was available 1 yeiar po new-onset diabetes, we
chose the highest value. One of the discrimindiagures between T2- and PC-NOD is the high
BG value 1 year prior to new-onset diabetes diagnas T2-NOD, reflecting gradual
progression to new-onset diabetes invd2rapid progression in pancreatic cancer (Tabl@©gy.
choice of the highest BG takes this into accourgxdude T2-NOD. However, when we tested
the END-PAC model in our population-based validatohort using the lowest, highest or mean
BG we found no difference in the mean END-PAC sdmetveen the 3 strategies (see Results
section). If future validation confirms this, oneutd potentially use any BG at -12 months.

The false positive fraction of T2-NOD increases thst of finding pancreatic cancer in
the END-PAC Cohort. To study this further we revéelvmedical records of 100 T2-NOD
subjects with a score of >3: 60% of false positiwese due to profound weight loss and 40%
due to rapid development of DM. We determined tifastudied prospectively, ~40% of T2-
NOD subjects in the END-PAC Cohort would have berduded from work-up of pancreatic
cancer because they were already being investigatednother illness that explained their
weight loss. Rapid development of DM in T2-NOD abie attributed to recent steroid use in
10% and rapid gain in weight in the months precgdiew-onset diabetes development followed
by weight loss due to uncontrolled DM in 15%. In%0T2-NOD and PC-NOD were
indistinguishable. Thus, it appears that false tpasiEND-PAC scores can be reduced by 50%

resulting in an increase in the positive predictratie of an END-PAC score of >3 to 10%.
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At the other end of the spectrum are subjects &ithEND-PAC Score of <0. The
clinical profile of these patients is typically thaf a younger patient who has gained weight and
gradually progressed to T2-NOD. Such subjectsygiedl of T2-NOD. They have negligible to
no risk of pancreatic cancer and should be managé&®-NOD; clinical work-up for pancreatic
cancer is not warranted. About 50% of T2-NOD suisjiend 25% of PC-NOD have scores in
the intermediate range. These subjects have lostdeest amount of weight (<4 kg) while having
gradual increase in their BG category. Their ri§lpancreatic cancer is too low (1 in 250) to
justify clinical work up. However, biomarkers suah CancerSeéR or others in development

may help enrich this cohort for pancreatic canEggure 3).

Recently Pepe et al reported “predictiveness” dsetter yardstick to compare risk
prediction models than the traditional area undher teceiver operating characteristic curve
(AUC)*®. We fully concur with this concept which is welustrated in our model comparison
(Figure 1 and 5). However, additional charactersstire important to consider when comparing
models. Is the model’s sensitivity adequate wittreéasing lead time? Most models will have
high sensitivity close to diagnosis of cancer. Bart early detection, the model with a high
sensitivity despite a long (>6 months) lead timé# & most beneficial for early detection. The

END-PAC score has a ~75% sensitivity for subjedth &, 12 and 18 months lead time.

In another paper Pepe et’alomment that a model or biomarker has clinicaityif

True positive fraction (sensitivity)
False positive fraction (1—specificity)

1—p (prevalence of disease)
p (prevalence of disease

> ( ) * r (cost/benefit ratio) where r

is reciprocal of the number false positives that acceptable to be worked up to find one true
positive. The END-PAC model (80% sensitivity, 85%esificity, disease prevalence 1.0% in

new-onset diabetes cohort and r of 1/24) meetsbtrefor clinical utility noted above. In
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prospective studies we expect the END-PAC modegetdorm better due to markedly reduced
fraction of False Positive subjects. We observesl ith the prospectively conducted EXPAND
trial where the false positives proportion was 10Phis will lead to nearly doubling the

pancreatic cancer prevalence in a model-definet-hgl cohort. If a validated biomarker of
pre-symptomatic pancreatic cancer is identifiecs would allow the intermediate risk group to

be enriched and worked up.

How would one find pancreatic cancer in subjectshiose with very high risk? In a
recent study (under review), we showed that themel of tumors whose mean fasting glucose
was above 126 mg/l was 4.1 to 8.0 cc (median diandtlargest dimension 26 mm) compared
to 12.0 cc (mediadiameter of largest dimension 34 mm) at clinicagtiosis. The current
modalities available for screening include compagsgt tomography (CT), magnetic resonance
imaging (MRI) and endoscopic ultrasound EUS. Therage volume and largest diameter of
tumors at new-onset diabetes appear to be largeghnto be detectable by these modalities,

especially endoscopic ultrasound.

What proportion of pancreatic cancers might beaeteand how earlier by this strategy?
We have observed that ~20% of pancreatic cancgedslmeet criteria for new-onset diabetes
(unpublished data), ~70% of whom could potentiéiydiagnosed >3 months prior to clinical
diagnosis if END-PAC score were to be applied aedf diabetes. Our previous studies of CT
scans review done prior to diagnosis show thatetlvegis no evidence of un-resectability >6
months prior to diagnosfs This would suggest that earlier detection wikdeto improved
resectability and consequent better survival. Haxethe true benefit of this strategy can only
be determined by a prospective study, which is emily underway

(http://cpdpc.mdanderson.org/index.html).
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In a cancer where 85% patients are diagnosed atlenced stage, the need for earlier
diagnosis is unquestionable. While the model iy éasuse, we believe physician and patient
education will be required to appropriately apphe tmodel only in true new-onset diabetes
subjects as it is unclear how it will perform impstanding diabetes or patients with unknown
duration of diabetes. The economic burden of earfietection appears very reasonable
considering that a recent study determined the ebsicreening for pancreatic cancer in an
unenriched population of new-onset diabetes (84fatdeased risk) to be $356 to $1569 per year
life added®. However, the social impact of implementing arlyedetection strategy using a risk

prediction model in clinical practice needs a pezdjve study.

The strength of our study is that it is based oh-kewn clinical features of T2-NOD
and PC-NOD which were confirmed in carefully consted cohorts from a population-based
setting. All pancreatic cancer diagnoses were mbnwarified to exclude common mimics
(such as IPMN, ampullary cancer, islet cell cantdeaj otherwise constitute ~20% of unverified
pancreatic cancer cohorts. The validation set vss population-based with well documented
diabetes status and cancer outcomes for all ssbjPetspite the inherent limitations related to
retrospective nature of our study, the REP resasuraehich capture, all blood sugar
measurements performed at different institutiongjimmzed the proportion of subjects with
missing values to <15%. While this attests to ppl@ability in a prospective study in this
population, it might be a possible source of migsialues in single center studies. A limitation
of the study is that the population of Olmsted GguMinnesota is predominantly Caucasian; its

validation in a more diverse population is beingnpled.

In summary, an END-PAC score based on three eamilgessible and highly

discriminatory factors readily risk-stratifies sebjs with glycemically-defined new-onset
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diabetes, clearly defining those who warrant cahiwork-up for pancreatic cancer and those
who could managed as T2-NOD. The intermediategiskip will have to await further research
to enrich the population for pancreatic cancer. eloav, 75% of pancreatic cancer have an END-
PAC score of >3. If validated, the END-PAC can Itiéized in clinical care to identify a very

high risk group for pancreatic cancer that warratitscal work up.
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Figures
Figure 1. Predictiveness curve and sensitivity of END-PAGdel

In Figure 1 at 80% on the x-axis [risk percentileg pancreatic cancer risk value is 4.0%
indicating that, after the END-PAC score, 80% abjsats in the cohort have a calculated risk
below 4.0% and only 20% have risk at or above At line intersecting at the té(;mercentile
on the lower half of the graph gives the sensitif®0%) and specificity (80%) of the END-PAC
score at the corresponding risk percentage.

Abbreviations: NOD, new-onset diabetes; PC, paticreancer;

Figure 2. A. Distribution of score in all patients; B. Semnsty of END-PAC score in PC-NOD
based on lead time

Abbreviations: PC-NOD, pancreatic cancer new-orsabetes; T2-NOD, type 2 new-onset
diabetes

Figure 3. Guidelines for clinical workup on new-onset digdsefor pancreatic cancer

Abbreviations: CT, computerized tomography; EUSJastopic ultrasound; FBG, fasting blood
glucose, RBG, random blood glucose;

Figure 4. Comparison of predictiveness curves of new-ongdiates + weight losgs. END-
PAC model

Abbreviations: NOD, new-onset diabetes; PC, paticreancer



Tables

Table 1. Enriching New-onset Diabetes for Panateg@éincer (END-PDAC) score parameters

A BG Category Score (NOD-1y)JA)

Blood Glucose (BG) Categories
BG range (mg/dl) Score Score Range
BG category at -1 years
<100 1
100-109 2
110-125 3 1-4
BG category at glycemically-defined new-onset diabe
126-160 4
>160 5
A Weight Categories A Weight score (B)
A Weight (kg) Score Score Range
<-6.0 +6
-5.91t0 -4.0 +4
-3.9t0-2.0 +2
-1.9to +1.9 0 -6 to +6
+2.0to +3.9 -2
+4.0to +5.9 -4
> +6.0 -6
Age (years) at glycemically-defined new-onset diabes Age score (C)
Age range Score Score Range
<59 -1
60 to 69 0 -1to+1
>70 +1
Total Score A+B+C

Abbreviations: BG, blood glucose; NOD, new-onsebéites




Table 2. Comparison of performance characteristickfferent classifier models for pancreatic canioenew-onset diabetes

Model Sensitivity | Specificity Pancreatic Sensitivity with Proportion in low | AUC
cancer >12-month lead risk group
prevalence time
Glycemically-defined New-onset Diabetes 0.9%
A: + weight loss >2.5 kg 44% 84% 1.9% 47% 0 75
B: + ABG” + A weight loss* 78% 75% 2.1% 71% 35% .8
C. + ABG categories* A weight loss* 78% 80% 4.5% 71% 48% .87

*Please refer to Table 1 for model Aweight loss categories andBG categories and respective assigned score

A FBG was calculated subtracting the blood glucos# gears from blood glucose at New-onset diab&esevery 10 mg/dl
difference, 1 point was assigned with highest pbehg 10 for anyone with&a FBG of >100 mg/dI.

Abbreviations: AUC, area under curve; BG, bloodcgke;



Table 3. Univariate model for predictors of panticeeancer in new-onset diabetes

Characteristics PC-NOD T2-NOD P-value
Total, N 64 192
Age, years, mean (xSD) 72.4 (£9.3) 65.6 (£10.1) <.001
Gender, Female (%) 36 (56%) 99 (52%) 51
Blood Glucose (BG) (mean £ SD) (mg/dl)
at New-onset diabetes 162 (x69) 143 (x25) .002
at 1y 110 (x¥12) 118 (x11) <.001
ABG 53 (£69) 26 (£27) <.001
Body weight (mean + SD) (kg)
at New-onset diabetes 82.5 (x17.4) 95.3 (x22.9) <.001
at 1y 87.2 (£19.3) 94.2 (£21.9) .02
AWeight -4.7 (£5.9) 1.1 (x4.4) <.001
Blood Glucose category at NOD (%)
>160 (Category 5) 18 (28%) 17 (9%)
125-160 (Category 4) 46 (72%) 175 (91%)
Blood Glucose category at -1y (%)
>126 (Category 4) 3 (5%) 45 (23%) <.001
110-125 (Category 3) 17 (45%) 106 (55%)
101-109 (Category 2) 20 (31%) 32 (17%)
<100 (Category 1) 12 (19%) 9 (5%)
A Blood Glucose category 2.0 (x0.9) 1.0 (z0.8) <.001
Multivariable regression analysis
Parameter Likelihood Ratio
AWeight 45.5 <.001
A Blood Glucose category 24.0 <.001
Age at New-onset diabetes 8.4 .003
A Blood Glucose 1.1 .28

Abbreviations: BG, blood glucose; ClI, confidenceeimal; NOD, new-onset diabetes; PC-NOD,

pancreatic cancer new-onset diabetes; SD, stamardtion; T2-NOD, type 2 new-onset

diabetes
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Total (%)

BPCNOD (%) @T2-NOD (%)

High risk group

Intermediate risk group

2t01

Low risk group

0

PC-NOD: 73; T2-NOD: 1288

END-PaC >3 (%)

6t012 2018 >18

Lead time (months) PC-NOD: N=73




Glycemically-defined New-onset Diabetes age >50:

e First meets criteria with 2 consecutive or
simultaneous parameters of diabetes (FBG
>126, HbAlc >6.5 or RBG >200)

e Atleast 1 non-diabetic parameter between 3
and 18 months prior to meeting criteria

e No history of treatment with anti-diabetic
medication

\ 4

Determine END-PaC score at 1% parameter of diabetes

l V l

>3 (High risk) 1 to 2 (Intermediate) <0 (Low risk)

!

Yes

v

Clinical evidence of: Novel biomarker Treat as Type 2
Active Malignancy diabetes

Severe illness
Acute Steroid use A

Exclude

Rapid weight gain
v v

L1 Positive Negative

\ 4

Imaging with CT
and EUS

v

\ 4 ‘l’

Positive

Indeterminate Negative

\l/ N

Follow-up
scan 6 month

I_I_I

— Positive Negative

Needs further evidence
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Single value }—>
BG at date of BG between 9 and 15
meeting NOD criteria [~>| months prior to NOD Yes
(NOD BG)
Multiple values F—>
No
Single value |—>
BG between 15 and
18 months prior to Yes
NOD
Multiple values F—>
No
l Single value |—>
BG between 6 and 9
months prior to NOD Yes
| Multiple values |—>
No
Single value p—>
BG between 3 and 6
months prior to NOD Yes
Multiple values —>

BG at -1 year for BG
score

Take the highest BG
value for -1y

BG at -1 year for BG
score

Take the highest BG
value for -1y

BG at -1 year for BG
score

Take the highest BG
value for -1y

BG at -1 year for BG
score

Take the highest BG
value for -1y

BG: blood glucose includes fasting blood glucose (mg/dl) or estimated average glucose (mg/dl)

To calculate estimated average glucose (mg/dl), use formula: 28.7*HbA1¢c-46.7

(ref: David M. Nathan, Judith Kuenen, Rikke Borg, Hui Zheng, David Schoenfeld, and Robert J. Heine, for

the Alc-Derived Average Glucose (ADAG) Study Group. Diabetes Care 2008)




Total (%)
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Criteria for diabetes: Subjects had diabetes if they met one of these:

i) Defining glycemic criteria: two of the following itees (excluding those drawn as
inpatient or in ER) measured simultaneously (samng) @r consecutively: fasting
blood glucose X126 mg/dl), random blood glucose200mg/dl), glycosylated
hemoglobin (HbAlc) X6.5%), 2h Post oral glucose load (P&00 mg/dL (11.1

mmol/L) during OGTT

or

i) Therapeutic criteria: were started on anti-diabeteslication after at least one of the

above parameters being met within 90 days.

Definition of new-onset diabetesPatients who met above criteria for diabetes wko alet all

the following criteria were considered new-onset:

1. Interval between the two defining glycemic critega<90 days.

2. One or more of fasting glucose or HbAlc values messin the past 18 months

w

Did not previously meet glycemic criteria for diéd® (as defined above)

»

Were not previously treated with anti-diabetes roatibns

Date of onset of diabetesDate of first abnormal glycemic parameter wassabered as date of

onset of diabetes.



Supplementary Table 1. Comparison of charactesigticubjects with type 2 new-onset diabetes

Supplementary Material

(T2-NOD) in validation and discovery cohort

Characteristics Validation Discovery P-value
Total, N 1087 192
Age, years, mean (xSD) 65.6 (£9.6) 65.6 (x10.1) .94
Gender, Female (%) 540 (50%) 99 (52%) .76
Blood glucose (mean = SD) (mg/dl)
At NOD 147 (£32) 143 (£25) 11
At 1y 116 (£11) 118 (+11) .05
Body weight (mean £ SD) (Kg)
At NOD 96.7 (+23.5) 95.3 (+22.9) 43
At 1y 95.4 (+22.5) 94.2 (+21.9) 51
AWeight 1.3 (+4.7) 1.1 (+4.4) 44
Blood Glucose categories at NOD (%)
125-160 928 (86%) 175 (91%) .09
>160 157 (14%) 17 (9%)
Blood Glucose categories at -1y (%)
<100 84 (7%) 9 (5%) 21
101-109 193 (18%) 32 (17%)
110-125 609 (56%) 106 (55%)
>125 199 (18%) 45 (23%)
Mean END-PDAC score (£SD) 0.4 (x3.3) 0.4 (£3.3) .89




NOD criteria
(NOD Wt)

Wt at date of meeting

Wt between 9 and 15
months prior to NOD

No

l

Wt between 15 and
18 months prior to
NOD

No

l

Wt between 6 and 9
months prior to NOD

Wt: weight; NOD: new-onset diabetes

Yes

Single value

Multiple values

—>

Single value

Yes

Multiple values

—>

Yes

Single value

Multiple values

—>

Wt at -1 year for
weight score

Select Wt value closest to
12.00 months for -1y;
If 2 values at equidistant,
select closer to 15 month

Wt at -1 year for
weight score

Select Wt value closest to
15.00 months for -1y;
If 2 values at equidistant,
select closer to 15 month

Wt at -1 year for
weight score

Select Wt value closest to
9.00 months for -1y;
If 2 values at equidistant,
select closer to 9 month




Olmsted County NOD cohort >50 years
Between 2000 and 2015
18 month left window
(N=1904)

Excluded:
Subjects with random blood

v

A\

Mesets criteria using either fasting blood
glucose or hemoglobin A1C
(n=1864)

glucose (n=40)

Remaining subjects
(n=1096)
(Validation set)

Excluded:
A Subjects with random blood
2 glucosein left window
\E (n=303)
Subjects with FBG or HbA1C in their 18
month left window
(n=1561)
Excluded:
N Subjects with BG value <3
- month of meeting NOD
NP (n=72)
Subjects with FBG or HbA1C between 3
and 18 monthsin left window
(n=1489)
Excluded:
- Subjects with no weight at
- NOD or between 6 and 18
\E (n=201)
Subjects with weight at NOD and between
6 and 18 months prior to meeting NOD
(n=1288)
Subjects between 2007 and 2008
< S (n=172)

(T2-NOD Discovery set)




