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3. Introduction  

3.1. Importance of the topic 

 

Among pancreatic malignancies, pancreatic ductal adenocarcinoma (PDAC) is the most 

common, accounting for more than 90% of exocrine pancreatic malignancies (1).  Although it 

is a rare disease, with a lifetime prevalence of 1.39% (2), PDAC is a very aggressive disease 

with a poor prognosis: it develops asymptomatically or with asymptomatic symptoms for a long 

time, so that patients are diagnosed at a late, advanced stage, when the only curative therapy, 

surgical resection, is already impossible due to the presence of metastases and locoregional 

infiltration (3). Therefore, the mortality/morbidity rate of PDAC is ~1. The 5-year survival rate 

approached 10% for the first time in 2020, compared to 5.26% in 2000 (4), and this rate has 

hardly improved in the last 40 years (5). To make matters worse, the incidence of PDAC is 

increasing at a rate of 0.5% to 1% per year, and PDAC is projected to become the second leading 

cause of cancer death by 2030 (6).  

Currently available cytotoxic regimens (fluorouracil, irinotecan, leucovorin, oxaliplatin or 

gemcitabine/nab-paclitaxel and nanoliposomal irinotecan/fluorouracil) for advanced disease 

are modestly effective, with a survival benefit of 2 to 6 months (1). The quality of life of these 

patients is usually very poor: anorexia, followed by weight loss and cachexia, weakens the 

immune system, leading to severe infections or even sepsis. Mechanical obstructions caused by 

PDAC tumour growth, such as biliary or gastrointestinal obstructions, lead to jaundice or gastric 

outlet syndrome, conditions that require hospitalization and often endoscopic surgery. 

Complications of advanced PDAC are extremely distressing for patients and are associated with 

significant hospital costs. All of this could be avoided if the disease were detected at an early 

stage when it is still operable.  

Unfortunately, there is no effective screening program yet, although the success in improving 

the survival rate of PDAC depends to a large extent on the development of a screening program 

for the early detection of PDAC in the asymptomatic stage. 

Given that PDAC is a rare disease with low lifetime-prevalence a population-wide screening 

would be ineffective and a huge financial burden on the healthcare system.  Therefore, the 

recommendation for successful screening is that patients who are at high risk of PDAC should 

be screened (7). The clinical conditions predisposing PDAC are summarized in Table 1.  
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Clinical conditions Relative 

Risk (x) 

Cumulative 

Risk at age 70 

(%) 

Affected gene 

smoking 2.5   

chronic pancreatitis  15  

diabetes mellitus 2.2   

obesity  1.2  

Hereditary cancer syndromes    

• Peutz-Jeghers 

Syndrome 

132 36 STK11/LKB1 

• Hereditary atypical 

multiple mole 

melanoma 

20-47 17 CDKN2A 

• Hereditary 

breast/ovarium cancer 

3-10 3-6 BRCA2 

• Hereditary 

nonpolyposis colorectal 

cancer 

9 <5 MLH1, MSH2, 

MSH6, PMS2 

• Familial adenomatosus 

polyposis 

4 <5 APC 

• Fanconi anemia   PALB2 

• Ataxia telangiectasia 3  ATM 

• Li-Fraumeni syndrome 7  p53 

Genetically predisposed 

chronic diseases 

   

• Hereditary pancreatitis 50-80 40 PRSS1/SPINK1 

• Cystic fibrosis 5 <5 CFTR 

Familial cumulation of 

pancreatic cancer 

   

• PDAC in 3< first-

degree relatives 

32 40  

• PDAC in 2 first-degree 

relatives 

6.4 8-12  

• PDAC in 1 first-degree 

relative 

4.5 2  

Table 1. Clinical conditions (affected gene) predisposing-, and their relative risk causing 

pancreatic cancer. 

 

Among risk factors diabetes mellitus (DM) has the strongest link to PDAC: 40-65% of patients 

diagnosed with PDAC meet the criteria for DM (8) while genetic factors play a smaller role (9). 

DM is a disorder of the metabolism of carbohydrates, fats and proteins that is characterized by 

an absolute or relative lack of insulin. It counts as a worldwide epidemic with increasing 

incidence in recent decades: it is predicted that the number of people with DM will increase to 
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300 million by 2025 and 366 million by 2030 (10). This represents a huge number of new 

patients each year, so screening this large group for PDAC would not yet be cost-effective; 

further narrowing of the target group is needed by investigating the association between PDAC 

and DM.   

 

3.2. Bidirectional connection/ dual causality with diabetes mellitus 

  

The association between PDAC and DM has been known for decades (11). In epidemiological 

studies the increased incidence of gastrointestinal malignancies has been repeatedly observed 

in population with diabetes through the effect of insulin as a growth factor and the elevated 

level of mitogen cell proliferation-enhancing insulin-like growth factor-1 (IGF-1). The relative 

risk ranges from 1.3-4.7 (Table 2) (12-19).   

 

 

 

 

 

 

 

 

 

Table 2. Relative risk of gastrointestinal malignancies in patients diagnosed with DM (20). 

 

Interestingly, patients with short-term DM (<4 years) have more than 1.5-fold risk of displaying 

PDAC as compared with patients who are diabetic for more than 5 years (21). The risk of having 

PDAC is inversely proportional to the duration of DM (Table 3), being the highest at 1-year 

duration (22).   

Localization of 

malignancy 

Relative risk 

Esophagus 1.3 

Stomach 1.7 

Colon 1.5 

Pancreas 4.7 

Liver 2.3 

Gallbladder 1.8 

Biliary tract 4.2 

All GI 1.5 
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Duration of DM (years) Ben et al. RR (95%CI) (22) Huxley et al. RR (95%CI) (21) 

<1 5.38 (3.49-8.3)  

1-4 1.95 (1.65-2.31) 2.05 (1.87-2.25) 

5-9 1.49 (1.05-2.12) 1.54 (1.31-1.81) 

10< 1.47 (0.94-2.31) 1.51 (1.16-1.96) 

Table 3. Risk of PDAC based on the duration of DM. 

 

In 85% of the PDAC cases the fasting blood glucose level is known to be elevated (23). Pannala 

et al. reported that the patients diagnosed with type-2 diabetes mellitus (T2DM) have an 8-fold 

risk of developing PDAC within 2-3 years from the diagnosis of T2DM relative to the general 

population (Figure 1) (24).                                

 

Figure 1. Prevalence of DM in PDAC. Reproduced from Pannala et al. (24) 

FG – fasting glucose; IFG- impaired fasting glucose 

 

Based on the above, the connection between PDAC and DM is bidirectional: the „long term” 

DM is a risk factor, the „short term” DM is a presumably paraneoplastic consequence of the 

PDAC (12). The exact mechanism of this paraneoplastic causal relationship is unknown. The 

„short term” DM was called „new-onset” DM in the literature. The precise definition for this 

entity is DM diagnosed within 36 months (23). Data on the incidence of PDAC in new-onset 

diabetes are scarce in the literature: 0.25%, 0.85% and 3.6% have been reported (13,25,26). 

Patients with new-onset DM may be an appropriate group for pancreatic cancer screening, 

which should be statistically supported. 
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Older age would further enrich the group eligible for screening for PDAC, as age is an 

independent risk factor for PDAC - in newly diagnosed diabetic patients over 50 years of age, 

the incidence of PDAC is approximately 1% (27). 

It is important to emphasize that although the symptoms and clinical manifestations of 'simple' 

T2DM and PDAC-related DM are similar, there are fundamental differences between the two 

entities.  

 

3.3 Pancreatogenic diabetes 

 

For decades PDAC-related DM was presented in the literature as one of the manifestations of 

pancreatogenic diabetes (T3cDM). T3cDM is present if the glandular inflammation and the 

subsequent irreversible fibrotic damage or malignant destruction or partial/complete surgical 

resection of the pancreas result in islet cell loss (28). This pathomechanism explains the 

pancreatic exocrine insufficiency, the impaired incretin secretion and the lack of peripheral 

insulin resistency by the patients suffering from T3cDM. The clinical and laboratory findings 

in T2DM and T3cDM are depicted in Table 4. The main causes of T3cDM are summarized in 

Figure 2.                 

 

Table 4. Clinical and laboratory findings in T2DM and T3cDM. Adapted from Andersen (28). 

T2DM – type 2 diabetes mellitus, T3cDM – pancreatogenic diabetes, PP – pancreatic 

polypeptide, GIP – gastric inhibitory polypeptide, GLP-1 – glucagon-like peptide-1, CP – 

chronic pancreatitis 
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Figure 2. Distribution of causes of T3cDM. Adapted from Andersen (28). 

 

The diagnosis of T3cDM requires the presence of pancreatic exocrine insufficiency (PEI), 

evidence of pathological pancreatic imaging and the absence of type-1 diabetes-associated 

autoimmune markers (Table 5); the diagnosis may be further supported by evidence of PP, 

incretin or insulin secretory defects in the absence of clinical or biochemical evidence of overt 

insulin resistance (28).  

 

 

Table 5. Diagnostic criteria for T3cDM. Adapted from Andersen (28) 

MRI – magnetic resonance imaging, T1DM – type 1 diabetes mellitus, HOMA – homeostasis 

model assessment, GIP - gastric inhibitory polypeptide, PP - pancreatic polypeptide 

 

As mentioned above, the PDAC-related DM is a paraneoplastic phenomenon associated with 

the tumour of the pancreas. Previously, this type of diabetes was thought to develop as a 

consequence of tumour-induced destruction of the pancreas. However, in this case, a larger 

tumour involving rather the islet cell-rich body and tail region would need to be diagnosed in 



14 
 

patients with PDAC-related diabetes compared to non - diabetic PDAC patients. However, this 

has not been supported by observations (24).  

Another hypothesis is that diabetes develops as a result of substances secreted by the tumour. 

This is supported by an experiment in which a supernatant derived from pancreatic cancer cell 

lines was injected daily intraperitoneally into immunodeficient mice, resulting in a significant 

increase in blood glucose concentrations and significantly reduced glucose tolerance compared 

to controls (29). In a study of 104 patients underwent resection because of pancreatic cancer, 

of whom 41 had DM at the time of surgery, it was found that 57% of the patients with new-

onset DM had resolution of their DM postoperatively, whereas 100% of the patients with long-

standing DM remained diabetic after pancreatic resection (24). 

Based on the above, neither PEI nor pathological pancreatic imaging as diagnostic criteria for 

T3cDM are necessarily present in PDAC-related DM. In addition, PDAC-related DM accounts 

for only 9% of T3cDM cases. Therefore, the diagnostic criteria for T3cDM alone would not be 

effective in screening for PDAC-related DM, as these tests are difficult to obtain, expensive, 

burdensome for patients and therefore not suitable for screening. 

 

3.4 Diabetes of the exocrine pancreas 

 

The controversy that PDAC-related DM as a form of T3cDM does not necessarily shows the 

signs of PEI or pathological imaging highlighted the need to rethink the nomenclature of 

pancreatogenic or the former group „other specific types” of DM. Interestingly, it did not 

happen until 2017, when the first guideline by the United European Gastroenterology formally 

assessed the body of evidence on diabetes in diseases of the exocrine pancreas (DEP) (30).  This 

group of diseases contains the post-pancreatitis (acute and chronic as well) diabetes mellitus 

(PPDM-A/C), cystic fibrosis-related diabetes (CFRD), pancreatic cancer-related diabetes 

(PCRD) and special entities such as antecedent diabetes mellitus in pancreatitis (ADMP) and 

new-onset diabetes in pre-symptomatic pancreatic ductal adenocarcinoma (NOD-PDAC) (31).  

Accumulating evidence suggests that excessive intrapancreatic fat deposition (located outside 

the islets of Langerhans) plays a key role in the pathogenesis of these entities, which is also a 

non - characteristic feature in the pathogenesis of type 1 and type 2 DM. (32-37). For DEP, PEI 

should not be used as a diagnostic criterion as it is not a specific feature for PPDM or PCRD, it 
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is rather a strong risk factor for DEP. It is known that some patients with DM and exocrine 

pancreatic disease may not have visually remarkable imaging of the pancreas (38) therefore the 

pathological imaging of the pancreas is not required for DEP as a diagnostic criterion either. 

This nomenclature makes a clear distinction between „other specific types” of diabetes mellitus 

and helps to ensure the correct use of terms that have often been imprecise in the literature.   

However, it is important to highlight that the two PDAC-related DEP entities, PCRD and NOD-

PDAC are different: the latter is a condition that unfortunately only retrospectively can be 

recognized, as it happens in the asymptomatic stage of PDAC. Considering that the new 

nomenclature for DEP started to be used in 2021, in our own research, the group of NOD-

PDAC patients is referred to as PDAC-T3cDM. This group would be ideal for PDAC screening. 

Thus, among newly diagnosed diabetic patients differentiating "simple" T2DM from NOD-

PDAC is important, but requires a new diagnostic approach.  

 

3.5 Current diagnostic opportunities for screening 

 

As PDAC already causes symptoms at an advanced, unresectable stage, screening of early 

PDAC patients can be done using either blood analysis or imaging techniques, or a combination 

of both.  

We should bear in mind that there are certain requirements to be met by screening methods: 

simple, quick to implement, widely available, repeatable/reproducible, painless, verified and 

affordable. 

Among blood tests, measuring the serum level of tumourmarkers as possible screening 

modalities is promising, as these are cheap, easy to perform and widely available. Currently the 

carbohydrate antigen 19-9 (CA 19-9) is the only blood based biomarker in clinical use for 

PDAC.  

CA 19-9 is a tumour-associated, but not tumour-specific epitope of sialyated Lewis A blood 

group antigen (39), which occurs in the epithelium of the salivary glands and in the ductal cells 

of the biliary tracts and is secreted by the exocrine pancreas too (40). However, false negative 

results can occur in Lewis antigen-negative individuals, who are unable to express this antigen. 

5%–10% of the population have very low or even absent secretion of CA 19-9 (41). The serum 

level of CA 19-9 could be elevated in medical conditions such as liver cirrhosis, chronic 
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pancreatitis, cholangitis and other GI cancers (42).  In addition, serum CA 19-9 shows increased 

levels in PDAC when the tumour is larger than 3 centimeters (43). 

The sensitivity of this marker for PDAC is 70-90%, the specificity is 90%, the positive 

predictive value is 69% and the negative predictive value is 90% (40). CA 19-9 has been 

reported to discriminate between patients with pancreatic cancer and healthy controls 

(sensitivity 80.3%, 95% CI 77.7 to 82.6; specificity 80.2%, 95% CI 78.0 to 82.3) (44) and 

benign pancreatic disease (sensitivity 78.2%, 95% CI 72.3 to 80.4; specificity 82.8%) (45). 

However, even a test with a sensitivity and a specificity of 95% would yield numerous false-

positive findings besides each true-positive result and it is therefore recommended to combine 

CA 19-9 measurement with an other technique for screening (46).  

On the one hand, imaging is the gold standard for diagnosing PDAC. The first choice is 

transabdominal ultrasonography (US), but its sensitivity in diagnosing PDAC is only 50-70%. 

Its accuracy is low for tumours <1 cm, which are usually operable, and is negatively affected 

by obesity and meteorism (47).  

Computer tomography (CT) has a better accuracy in diagnosing PDAC, but the low prevalence 

of PDAC and the radiation exposure associated with the modality prevent its use as a screening 

test.  

Endoscopic ultrasound (EUS) or endoscopic retrograde cholangiopancreatography also have a 

high likelihood of correct diagnosis, but again the low prevalence of PDAC combined with the 

patient burden of endoscopic procedures precludes their use in screening.  

Furthermore, it is not economically feasible to use CT or endoscopic imaging for screening, as 

these methods are associated with high costs to the healthcare system (48). However, US is easy 

to use, widely available, non - invasive and relatively inexpensive, making it an ideal screening 

modality.  

On the other hand, as mentioned above, a blood test would be an ideal screening method. While 

much effort has been devoted to proteomic and genomic profiling and the identification of 

various protein and gene components of cancer (49-55), data on metabolic signatures in body 

fluids, cancer cells or tissues are still very limited.  

Fortunately, metabolomics, including lipidomics, has recently become more feasible, allowing 

the identification of clinical metabolite biomarkers, and several small studies recruiting up to 
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50 patients per group suggest that metabolomics may be useful in the detection of pancreatic 

cancer. (56-58).  

A biomarker panel consisting of nine metabolites plus the established protein CA 19-9 was 

recently identified by Mayerle et al. with 89.9% sensitivity, 91.3% specificity and 99.8% 

negative predictive value (NPV) for differentiating PDAC from chronic pancreatitis (Figure 3) 

(59).   

Using the same methods, a biomarker panel was identified for the differential diagnosis of 

NOD-PDAC and non - cancer related diabetes. The metabolite signature needs to be validated 

in an independent test cohort. Provided the biomarker is validated, the panel could be effective 

in screening for NOD-PDAC in the high-risk group of elderly patients with new-onset DM. 

 

Figure 3. List of metabolites selected based on the multivariate elastic net analysis comprising 

the biomarker signature. Adapted from Mayerle (59).  
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4. Aims 

 

4.1 Study A - New-onset type 2 diabetes mellitus – a high-risk group suitable for the 

screening of pancreatic cancer? (HiRiPaC study) 

In our first study, we aimed to provide statistical support that patients with new-onset DM may 

be an appropriate group for pancreatic cancer screening. We set out to determine the incidence 

of PDAC prospectively in new-onset T2DM patients. The screening method included the 

measurement of serum CA 19-9 levels combined with the performance of abdominal ultrasound 

(US).  

 

4.2 Study B – New-Onset of DiabetEs in aSsociation with pancreatic ductal 

adenocarcinoma (NODES trial) 

In our second study, we aim to differentiate 'simple' T2DM from NOD-PDAC in newly 

diagnosed diabetic patients by validating a biomarker panel as a screening method in the high-

risk group of elderly patients with new-onset DM. In the study protocol article we summarized 

these aims as: 

1. Estimate the incidence of PDAC in patients with new-onset diabetes. 

2. Diagnose PDAC in an early operable stage. 

3. Validate a biomarker that distinguishes patients with PDAC-caused T3cDM from patients 

with T2DM (48). 

 

5. Patients and methods 

 

 

5.1 Study A – HiRiPaC Study 

 

5.1.1 Patients 

 

 

Between March 2012 and October 2014, 115 consecutive patients with new-onset T2DM were 

enrolled in this prospective study by diabetologists at our clinic. The diagnosis of T2DM was 
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made according to the American Diabetes Association (ADA) criteria (60). New-onset DM was 

defined as DM diagnosed for the first time within the last 36 months prior to enrolment (23). 

Cases with T1DM and any type of symptoms suggestive of pancreatic disease were excluded. 

The duration of follow-up was 36 months from the first visit. All patients gave written informed 

consent to participate in the study.  

The study protocol was in full compliance with the latest tenets of the Declaration of Helsinki 

and was approved by the Ethics Committee of the University of Szeged (approval number 

97/2012). 

 

5.1.2 Methods 

 

Serum CA 19-9 levels were measured and transabdominal US was performed at the first visit. 

In accordance with local laboratory standards, the cut-off serum CA 19-9 level was 27 U/mL. 

If the transabdominal US showed an abnormality (with either a normal or elevated CA 19-9 

level), abdominal computed tomography (CT) was performed. Endoscopic ultrasound (EUS), 

EUS-guided fine needle aspiration (EUS-FNA) and surgical referral were performed if CT 

showed a pancreatic lesion. Abdominal CT was performed in the presence of an elevated serum 

CA 19-9 level without US abnormality. If the CT showed no lesion, the serum CA 19-9 level 

was repeated after 3 months. If the CA 19-9 level was normal and the US was negative, the CA 

19-9 level was measured every 6 months and the US was performed every year. (Figure 4). 

 

 

Figure 4. ’HiRiPaC Study’ flow diagram. 
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Potential risk factors for PDAC i.e. age >65 years, hereditary syndromes predisposing to PDAC 

and any first-degree relatives with PDAC were documented at the first visit along with body 

mass index (BMI; abnormally high if ≥ 25 kg/m2) and smoking status. Each of these criteria, if 

met, was given a score of one point. 

The person-time incidence rate was calculated because we were comparing two populations in 

which exposures within subjects change over time (61). To assess the suitability of patients 

with new-onset T2DM as a risk group for PDAC, the standardized incidence ratio (SIR) was 

calculated using the person-time incidence based on our study and the age-adjusted incidence 

of PDAC in Hungary (9.3 cases/100.000 persons) (62).  

The SIR is used to determine whether the incidence of cancer in a comparatively small, specific 

group is higher or lower than in the normal population (63). A SIR of 1 indicates that the number 

of cancer cases observed in the assessed population is equal to the number of cancer cases 

expected in the general population. An SIR > 1 indicates that there were more cancer cases than 

expected (64).  

To assess the effectiveness of CA 19-9 and US as potential diagnostic tools for PDAC, 

sensitivity, specificity, positive and negative predictive values were calculated.  

 

5.2 Study B – NODES trial 

5.2.1 Patients 

5.2.1.1 Design 

 

NODES is a prospective, multicenter, observational cohort study aiming to validate a biomarker 

panel in the early stage of PDAC.  

The inclusion criteria of this study are the following: 

(1) Patients over 60 years of age. 

(2) Diabetes diagnosed within 6 months (newly diagnosed) - diagnostical criteria are based on 

the Diabetes Control and Complications Trial (Table 6) (65).  

(3) The participants signed written informed consent. 
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Table 6. Diagnostic criteria of diabetes mellitus (65). 

 

Exclusion criteria are as follows:  

(1) Continuous alcohol abuse;  

(2) Chronic pancreatitis;  

(3) Previous pancreas operation/pancreatectomy;  

(4) Pregnancy;  

(5) Present malignant disease; and  

(6) Type 1 DM.  

Patients with chronic pancreatitis were excluded because a metabolic signature that 

differentiates between chronic pancreatitis and patients with PDAC has already been published 

and is being further evaluated by the META-PAC consortium, while the present study aims to 

differentiate between patients with NOD-PDAC and new-onset diabetes due to other causes. 

 

5.2.1.2 Sample size 

 

Mayerle et al (59) found that the biomarker signature in question could distinguish patients with 

PDAC from those without with 89.9% sensitivity (marginal error 8.9%) and 81.3% specificity 

(marginal error 10.3%).  

Chari et al (13) concluded that elderly subjects with new-onset DM have an eightfold higher 

risk of pancreatic cancer than a person of similar age and sex without DM. Considering the 

epidemiological data suggesting that the prevalence of PDAC in Hungary is significantly higher 
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than in other countries (5), we assumed a prevalence of 2% for PDAC. Based on these data, the 

sample size calculation suggests that 2661 patients would need to be enrolled to confirm or 

reject the hypothesis for the primary endpoint with a 10% drop-out rate, 80% power and 95% 

significance level.  

 

5.2.1.3 Duration 

 

The first recruitment centre was initialized on 1 July 2019. Start of patient recruitment: 31 

January 2020. Planned end of recruitment: 30 January 2023. The recruitment period is planned 

to last 36 months and all enrolled patients will be followed for 36 months. 

It is important to note that due to the COVID 19 pandemic, the dates of the study that were 

originally planned have had to be changed. The study is still ongoing. The delay of almost three 

years was caused by the reduced capacity of the health system as it tried to cope with the 

pandemic and is the consequence of central restrictions on outpatient care. 

 

5.2.1.4 Clinical data and clinical end points 

Essential baseline clinical data 

Age, sex, body weight, body mass index, date of DM diagnosis, date of sampling, 

comorbidities, antidiabetic medication, clinical symptoms, histology and stage of PDAC were 

recorded.  

Data collection by questionnaire and blood samples were taken from all patients. The 

questionnaires (form A at recruitment, form B at each follow-up visit - see Annex) were 

completed by each enrolled patient. Data were stored in a personalized electronic database 

(electronic case report form - eCRF). 

Primary clinical end points 

(1) The sensitivity, specificity, PPV, NPV and accuracy of the biomarker test. 

Secondary end points 

(1) Mortality rate of PDAC in patients with new-onset diabetes;  
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(2) The proportion of localized and resectable PDAC;  

(3) Change in body weight before visit 1 and during visits 2–6;  

(4) Change in fasting blood glucose and hemoglobin A1c (HbA1c) before visit 1 and during 

visits 2–6;  

(5) Antidiabetic medications and the risk of PDAC; 

(6) Presence of concomitant diseases;  

(7) Smoking and alcohol intake;  

(8) Incidence of PDAC in patients with new-onset diabetes;  

(9) Cost-benefit analysis. 

 

5.2.1.5 Ethics 

 

The trial was registered on ClinicalTrials. gov (NCT04164602). The study has been approved 

by the Scientific and Research Ethics Committee of the Hungarian Medical Research Council 

(41085-6/2019). Protocol version: V1.0 08.01.2019. 

 

5.2.2. Methods 

5.2.2.1 Study protocol 

 

Patients with DM were recruited by our diabetologist and collaborating general practitioners on 

the basis of a recent (<6 months) laboratory test. Visit 0 was scheduled within 2 weeks of 

referral. Patients who met the study entry criteria and who were not excluded were informed 

and offered to participate in the study, but a signed informed consent was required for inclusion. 

Clinical data, body weight and worrisome features (unintentional weight loss: 5% of body 

weight within 6 months without knowing the reason, abdominal pain/discomfort, abnormal 

laboratory data, unstable glucose metabolism despite adequate diet and medical treatment and 

without intercurrent infection) were recorded at Visit 0, and a fasting blood sample was taken 
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for assessment of laboratory data and metabolomics. C-peptide and glutamic acid 

decarboxylase antibodies (GADA) were measured to classify diabetes at visit 0. Patients with 

type 1 DM were excluded. If worrisome features were present at Visit 0, magnetic resonance 

imaging (MRI) or EUS were performed. Unambiguous PDAC lesions (>1 cm or also seen on 

MRI) were referred to surgery for resection. Ambiguous lesions in the pancreas underwent EUS 

fine needle aspiration. PDAC was diagnosed by histological examination. 

Visits 1-5 were scheduled every 6 months. Clinical symptoms, body weight, laboratory data 

(fasting blood glucose, HbA1c, liver and kidney function, lipids, blood count) were collected 

at each visit. Blood for biobank and CA19-9 were collected every 12 months. Follow-up was 

completed after 36 months (Figure 5). 
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Figure 5. Flowchart of the study protocol 

* weight loss (except at visit0), abdominal pain/discomfort, abnormal laboratory data, unstable glucose 

metabolism despite the adequate diet and medical treatment and without intercurrent infection (except at visit 0). 

** Fasted (overnight, at least 8 h) patients’ blood samples at room temperature will be drawn into an EDTA tube. 

Within 2 h after blood draw samples will be at 19-21°C. After centrifugation, the supernatant is carefully removed. 

After that, the plasma is transferred in 0.5 ml aliquots to tubes and stored at -80°C, in a dedicated freezer (≤6 h 

from centrifuge to freezer). 

GADA - glutamic acid decarboxylase antibodies, MRI -magnetic resonance imaging, EUS – endoscopic 

ultrasound, CA 19-9 – carbohydrate antigen 19-9. 

5.2.2.2 Biochemical methods 
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After informed consent, blood samples were collected from patients after fasting (overnight, at 

least 8 hours) in an EDTA tube. The blood tubes (9 mL) were centrifuged at 2000 × g for 10 

minutes on a swing-out rotor within 2 hours of blood collection. Sample processing was 

performed at room temperature and the centrifuge was temperature controlled at 19°C-21°C. 

After centrifugation, the supernatant was carefully removed, transferred to a fresh 9 mL tube 

and gently mixed to homogenize any gradient that may have formed in the plasma supernatant. 

The plasma was then transferred in 0.5 mL aliquots to tubes (either Eppendorf Safe-Lock tubes 

2 mL or Sarstedt screw-capped microtubes 2 mL) and stored at -80°C in a dedicated freezer (≤6 

hours from centrifuge to freezer).  

Biomarkers were determined by comparing metabolite levels in plasma samples from patients 

diagnosed with PDAC and cancer-free patients with diabetes. CA19-9 was measured centrally 

in a certified clinical laboratory using a cut-off of 37 U/mL as a classifier. The cost of the 

biomarker test, quality-adjusted life-years and incremental cost-effectiveness ratio are planned 

to be determined. 

 

5.2.2.3 Metabolite profiling 

• MxP global profiling 

Two types of mass spectrometry (MS) analyses were applied. GC - MS (gas chromatography-

MS; Agilent 6890 GC coupled to an Agilent 5973 MS System, Agilent, Waldbronn, Germany) 

and liquid chromatography - MS/MS (LC–MS/MS; Agilent 1100 high performance LC 

(HPLC)-System, Agilent, Waldbronn, Germany, coupled to an Applied Biosystems API4000 

MS/MS-System, Applied Biosystems, Darmstadt, Germany) were used for a metabolite 

profiling approach (66).  

Sample fractionation and derivatization and detection technologies have been described 

previously (67-70). Proteins were removed from plasma samples (60 μl) by precipitation. Polar 

and non - polar fractions were then separated by the addition of water and a mixture of ethanol 

and dichloromethane for both GC - MS and LC - MS/MS analyses. For GC - MS analysis, the 

non - polar fraction was treated with methanol under acidic conditions to yield the fatty acid 

methyl esters derived from free fatty acids and hydrolyzed complex lipids. The polar and non - 

polar fractions were further derivatized with O – methyl - hydroxylamine hydrochloride (20 
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mg/ml in pyridine) to convert oxo groups to O - methyloximes and then with a silylating agent 

(N – methyl – N - (trimethylsilyl)trifluoroacetamide) prior to GC - MS analysis. 

For LC-MS/MS analysis, both fractions were dried and then reconstituted in appropriate solvent 

mixtures. HPLC was performed by gradient elution with methanol/water/formic acid on 

reversed phase columns. 

• MxP lipids 

MxP lipids cover profiling of sphingolipids (ceramides, sphingomyelins and sphingobases). 

The metabolites were analyzed in a semiquantitative approach (i.e. relative to a pool). Total 

lipids were extracted from plasma by liquid/liquid extraction using chloroform/methanol. The 

lipid extracts were subsequently fractionated by normal phase liquid LC into different lipid 

groups according to the references (67-71). The fractions were analyzed by LC-MS/MS using 

electrospray ionization and atmospheric pressure chemical ionization with detection of specific 

multiple reaction monitoring transitions for sphingomyelins and ceramides, respectively. 

 

5.2.2.4 Data normalization 

Metabolite profiling based on a semiquantitative analytical platform results in relative 

metabolite levels ('ratios') to a defined reference. In order to support this concept and to allow 

comparison of different analytical batches, two different reference sample types were run in 

parallel throughout the process.  

Firstly, a project pool was generated from aliquots of all samples and measured with four 

replicates within each analytical sequence of 24 samples. For all semiquantitative metabolites, 

the results of each analyte from each sample were normalized against the median of the 

corresponding analyte in the pool reference samples within each analytical sequence to provide 

pool-normalized ratios. This procedure compensated for interinstrumental and 

intrainstrumental variation, i.e. the variability that occurs when different analytical sequences 

are analyzed by different instruments.  

Secondly, in order to allow experiment to experiment alignment of the semiquantitative data, 

the MxPool (a large pool of commercial human EDTA plasma suitable for alignment of MxP 

studies) was analyzed with 12 replicate samples and the pool normalized ratios were further 

normalized to the median of the MxPool samples, i.e. the ratios from this study were at the 
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same level and therefore comparable with data from other studies normalized to other aliquots 

of the same MxPool. 

 

5.2.2.5 Data set analysis and normalization 

Descriptive statistics - mean, median, SD, quartiles and relative frequency - relative risk 

(dichotomous variables), independent two-sample t-test (continuous variable) in case of normal 

distribution, and Mann-Whitney U test in case of non-normal distribution are planned to be 

performed. Logistic regression are used to explore predictive factors. Associated statistical 

analyses are performed with a 0.05 error probability (type I error probability). 

Prior to statistical analysis, the ratios are log10 transformed to make the data distribution 

approximately normal. SIMCA-P v.14.0 (Umetrics AB, Umea, Sweden), TIBCO Spotfire 

v.7.12.0 and R v.3.3.4 are used for data analysis and visualization. First, exploratory 

multivariate analysis (principal component analysis) is applied to log10 transformed ratios 

scaled to unit variance. A simple linear model (ANOVA) with additional clinical information 

and potentially confounding factors such as 'disease', 'age', 'body mass index', 'sex' and 'sample 

storage time' as fixed effects is fitted to the data. The significance level is set at 5%.  

The multiple testing problem for the number of metabolites is addressed by calculating the false 

discovery rate using the Benjamini and Hochberg method. To classify patients according to 

their metabolic profiles, a penalized logistic regression is fitted via the Elastic Net Algorithm 

using the R package glmnet (72). Equal penalties are used for both L1 and L2 norms. The cut-

off previously established on the biomarker identification dataset is then applied to the test data 

without retraining and performance is measured in terms of area under the curve (AUC), 

sensitivity and specificity. Confidence levels for the AUC are calculated using the binormal 

model for the receiver operating characteristic curve. When sensitivity is fixed at a given value, 

PPV, NPV and accuracy become monotonic functions of specificity and CIs for these estimates 

are obtained by transforming the CI for specificity. CIs for sensitivity, specificity and accuracy 

are obtained for the cut-off prespecified in the training data using the Clopper and Pearson 

method for the binomial distribution. For PPV and NPV, CIs are obtained using the method of 

Gart and Nam (73) for ratios of binomial parameters as implemented in the R package pairwise 

CI (74). When comparing the biomarker and CA19-9 on the test data, differences in sensitivity 

and specificity are planned to test using McNemar's test. 



29 
 

6. Results 

6.1 Study A HiRiPaC Study 

 

A total of 115 patients with new-onset T2DM were included in the study (49 male, 66 female, 

mean age: 58 ± 11 years, range: 32-85 years). 7 patients were subsequently excluded for various 

reasons: 1 man had T1DM, 1 woman had polycystic ovary syndrome, and 5 patients later 

declined to participate. The mean time between diagnosis of T2DM and inclusion in the study 

was 3.5 ± 4.4 months (range: 0-20 months). 

Three patients (2.78%) had a first-degree relative with PDAC. Of these, one patient had PDAC. 

Sixty-nine (64%) of the participants scored 1 point, 38 (35%) scored 2 points and 1 patient (1%) 

scored 3 points on our risk assessment system (Table 7). Patients had no specific symptoms 

suspicious for PDAC. 

Patient characteristics  

Total no. of patients  108 

Female, n (%) 62 (57) 

Age, y, mean (SD) 58 (±11) 

BMI, mean (SD) 30.5 (±4.6) 

Ever smoker, n (%) 34 (31.5) 

Positive family history for PDAC, n (%) 3 (2.7) 

Hereditary syndromes predisposing for PDAC, n 

(%) 

0 (0) 

Risk points of patients with PDAC, mean (SD) 2.34 (±0,58) 

Risk points of patients without PDAC, mean (SD) 1.34(±0.48) 

Table 7. Patient characteristics of study A. 

SD – standard deviation, BMI – body mass index, PDAC- pancreatic ductal adenocarcinoma 

 

Serum CA 19-9 levels were elevated in 10 patients (9%) (mean: 52.613 ± 23.13 U/mL), but 

none of them had morphological abnormalities on US or CT.  
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Imaging studies revealed a pancreatic mass in three patients (2.78%) without an elevated serum 

CA 19-9 level. The mean age of patients with PDAC was 70 ± 7 years and their mean BMI was 

30.1 ± 5.1 kg/m2 compared to 58 ± 11 years and 30.5 ± 4.6 kg/m2, respectively, for patients 

with T2DM only. The time between CA 19-9 test/US examination and CT examination was 1 

± 1.7 months.  

The 3 cases of patients diagnosed with PDAC are discussed below. 

Case 1 

A 67-year-old non - smoking woman was diagnosed with T2DM 8 months before the first study 

visit. She had a positive history for various tumours (kidney, parotid and thyroid) and a first-

degree relative with PDAC. Her BMI was 25.4 kg/m2. She scored 3 points (new-onset DM, 

age, positive family history for PDAC) on our risk assessment system. Her CA 19-9 level was 

normal. US showed a 30 mm hypoechogenic solid lesion, which was confirmed by CT. EUS-

FNA showed pancreatic ductal adenocarcinoma. The patient was inoperable due to multiple 

metastases in the right lung. Chemotherapy induced regression and she continued treatment 

during the follow-up period (Figure 6). 

Case 2 

A 65-year-old man was diagnosed with T2DM 3 months before enrolment. His BMI was 29.4 

kg/m2. He had not smoked for 7 years. The patient scored 2 points (new-onset DM, age) on our 

risk assessment system. The initial CA 19-9 level was 24.55 U/mL. The US findings were 

incomplete because the body and tail of the pancreas were not visible. 3 months after the US, a 

CT scan revealed an inhomogeneous hypodense mass with calcification in the tail, 

approximately 80 mm in size, with moderate infiltration of the peripancreatic area. Laparotomy 

was performed, but the tumour was inoperable due to advanced local invasion. Histological 

examination revealed ductal adenocarcinoma. At the 6-month follow-up, the CA 19-9 level was 

25.90 U/mL. Chemotherapy was started and the patient had an overall survival of 32 months 

(Figure 6). 

Case 3 

A 78-year-old non - smoking woman was diagnosed with T2DM within 1 month prior to 

enrolment. Her BMI was 35.5 kg/m2. She scored 2 points (new-onset DM, age) on our risk 

assessment system. Her specific symptoms, such as weakness and weight loss, were thought to 

be the result of diabetes. Two weeks after her diagnosis of T2DM and enrolment in the study, 
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US revealed a 45 x 29 x 26 mm hypoechoic lesion in the tail. CT scan showed diffuse 

enlargement of the tail with a 56 x 31 x 43 mm hypodensity. The liver was inhomogeneous with 

multiple metastases measuring 8-25 mm. Histological examination of the US-guided biopsy 

revealed ductal adenocarcinoma. Chemotherapy was started, but unfortunately the patient died 

of PDAC only a few weeks after the diagnosis (Figure 6). 

   

Figure 6. A) CT and EUS findings of case 1. A near 30 mm solid lesion in the head of the 

pancreas was revealed (arrows). B) CT and EUS findings of case 2. An inhomogeneous, about 

80 mm in size hypodense mass was seen on CT with calcification in the tail and the 

peripancreatic area was moderately infiltrated. C) CT finding of case 3. An 56 x 31 x 43 mm 

hypodensity (arrows) was revealed with multiple liver metastases. 

 

The overall incidence of PDAC in our study was 2.78% (3/108). To calculate SIR the person-

time incidence in our study was needed. The follow-up period of all participants was expressed 

in years and then summed up (162,42 years). The person-time incidence was (3/162,42*100) 

1.847 cases/100personyear. The age-adjusted incidence in Hungary was 9.3/100.000 = 

0.0093/100personyear. The value of SIR was 1.847/0.0093=198.6 (95% CI = 6.25 - 46.9). The 

effectiveness of the diagnostic modalities used in this study to screen for PDAC is shown in 

Table 8. Ten patients had elevated serum CA 19-9 levels, but none of them had PDAC. Two 

patients with PDAC had normal serum tumourmarker levels.  

 A  B  C 
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The US examination clearly showed the pancreatic mass in two of the three patients. In the 

remaining one hundred and five negative cases, the possibility of false-negative findings was 

excluded by follow-up. 

CT was performed in eighteen patients (i.e. two patient with a positive US finding, ten with an 

elevated CA 19-9 level, four with incomplete US examinations and two with symptoms not 

suggestive of pancreatic disease). CT revealed a pancreatic mass in all three PDAC cases. 

 

 Sensitivity Specificity Positive 

predictive 

value 

Negative 

predictive 

value 

CA 19-9 0% 90.4% 0% 97.9% 

Transabdominal US 66.7% 100% 100% 99% 

CT 100% 100% 100% 100% 

Table 8. Efficacy of screening modalities. 

 

6.2 Study B – NODES trial 

 

As the NODES trial is still ongoing due to delays caused by the COVID 19 pandemic, no final 

results are available at the time of writing. Blood samples from 58 patients with new-onset DM 

are currently being analyzed in Germany. Of these, 4 patients (6.8%) had PDAC diagnosed 

within 6 months of DM diagnosis. 

 

7. Discussion 

 

PDAC has a poor prognosis due to its late diagnosis. Success in reducing the mortality rate of 

PDAC has been linked to the development of early detection and prevention programs. As the 

incidence of PDAC is low, screening should be limited to patients at high risk of developing 

PDAC (29). A meta-analysis showed that individuals with new-onset DM (<36 months after 

diagnosis) had a 50% increased risk of PDAC compared to those who had DM for >5 years 

(OR 2.1 vs. 1.5, P = 0.005) (21). Several studies have shown that DM is prevalent even in early 

stage PDAC (13, 24). In our prospective study, we demonstrated that the incidence of PDAC 

in patients with new-onset diabetes mellitus was 198.6-fold higher than in the normal 
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population. This is significantly higher than the previously reported 8-fold risk (24). In this 

retrospective study, Pannala et al. included patients diagnosed with PDAC and matched non-

cancer patients. The presence of diabetes was not an inclusion criterion but a parameter studied. 

They included 512 patients with PDAC, of whom 41.6% were diabetic. Of these patients, 75% 

had new-onset diabetes. This means that this study did not distinguish between NOD-PDAC 

and T2DM cases. As a result, the cumulative risk of PDAC in this mixed DM group is lower 

than it would be in the NOD-PDAC group alone. In contrast, we included 108 new-onset 

diabetics in our study. During follow-up, we were only able to diagnose the NOD-PDAC 

patients because of the different study protocol. The limited number of cases could also cause 

some bias regarding the high value of the SIR.   

New-onset T2DM can therefore be classified as a high-risk group for PDAC. Damiano et al. 

(16) reported a similar incidence (5.2%) of PDAC in patients hospitalized for newly diagnosed 

DM (less than 30 days), because the instability of the DM required insulin treatment. 

Our study has provided evidence that screening is beneficial for the detection of PDAC in 

asymptomatic patients with new-onset DM. However, our results were also discouraging 

because all 3 PDAC cases diagnosed in our screening program were at an advanced, 

unresectable stage. A previous retrospective study showed that the mean interval between the 

onset of DM and the diagnosis of PDAC was 10 months (range 5 - 29 months) (15). The mean 

time between diagnosis of DM and enrolment of patients in our study was 3.5 ± 4.4 months in 

the whole screened population and 3.7 ± 4 months in patients finally diagnosed with PDAC. 

Therefore, the fact that advanced cases were diagnosed in our study cannot be explained by a 

longer interval between the onset of DM and inclusion in the study. 

Prospective screening for PDAC by endoscopic retrograde pancreatography in patients with 

new-onset DM showed a very high incidence (13.9%) of PDAC. However, most of the 

diagnosed PDAC cases were unresectable, similar to our study (75). The time from onset of 

DM was longer in this study (9.2 months). Shortening the time to diagnosis of PDAC after 

diagnosis of DM or a more aggressive diagnostic approach may be beneficial. 

Unfortunately, it appears that our protocol in the HiRiPaC study is not yet able to diagnose 

PDAC at an early stage when it is still resectable, although the results are based on extremely 

high SIR values, suggesting that patients with new-onset DM are an appropriate risk group for 

screening for PDAC. 
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Although the combination of serum CA 19-9 measurement and the use of transabdominal US 

as a screening tool for PDAC has been previously studied retrospectively, and this study showed 

that these tools together identified ductal adenocarcinoma of the pancreas with a sensitivity of 

85.4%, which means that this combination is suitable for non-invasive screening of PDAC (76), 

we have confirmed that neither determining serum CA 19-9 levels nor performing 

transabdominal US are effective screening methods for detecting PDAC at an early stage. 

CA 19-9 would be an ideal method for screening: it is easy to perform, widely available, 

repeatable, reliable, validated and cost-effective. However, we have shown that CA 19-9 is of 

no value in screening for PDAC in new-onset DM. Both the sensitivity and positive predictive 

value of CA 19-9 were zero, and the false positive rate was 9% in our study. The mean value 

of elevated CA 19-9 levels in our study was only 52.613 ± 23.13 U/mL. However, the optimal 

cut-off value of CA 19-9 to differentiate between benign and malignant pancreatobiliary disease 

has been shown to be 70.5 U/mL (82.1% sensitivity, 85.9% specificity, 81.3% positive 

predictive value and 86.5% negative predictive value) (77). Furthermore, CA 19-9 in diabetic 

patients can be considered as an indication of exocrine pancreatic dysfunction, and a higher cut-

off value of CA 19-9 has been proposed to differentiate benign from malignant pancreatic 

disease (78). Serum CA 19-9 may be elevated not only in PDAC but also in biliary, 

hepatocellular, gastric, colorectal and non gastrointestinal tumours, liver disease and jaundice, 

leading to false-positive results. However, none of our patients with false-positive CA 19-9 

results were found to have such diseases. Our results do not agree with those of Choe et al. (79) 

who reported that CA 19-9 alone is suitable for the identification of PDAC in patients with 

new-onset DM. Our results are more consistent with those of Zubarik et al. (80) who showed 

that the positive predictive value of CA 19-9 in patients with a positive family history of PDAC 

was only 3.7%.  

Abdominal US would also be an ideal method for screening: it is easy to perform, widely 

available and inexpensive. However, the low sensitivity of US in our study suggests that it is 

not effective for screening. The effectiveness of abdominal CT in diagnosing PDAC was 

excellent in our study, but we could not prove that CT is an appropriate screening tool for early-

stage PDAC. Furthermore, given the potential need for an extended screening program, CT is 

not recommended because of the risk associated with radiation exposure. If it is accepted that 

DM in PDAC is a paraneoplastic sign caused by the tumour itself, the search for tumour-

produced diabetogenic factors (81) and their use as screening tools is needed.  
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A limitation of our HiRiPaC study is the small number of cases, and we therefore planned to 

further investigate the possibilities of early detection of PDAC. 

To identify a higher proportion of cases with resectable PDAC, the risk group of newly 

diagnosed DM patients should be further narrowed. 

Mizuno et al. found that weight loss and exacerbation of DM could be observed in DM patients 

12 months prior to PDAC diagnosis. The timing of weight loss distinguishes two groups: 

patients with NOD-PDAC have already lost weight at the time of DM diagnosis and continue 

to lose weight until the cancer is diagnosed, whereas T2DM patients have already gained weight 

at the time of DM diagnosis and then stagnate or continue to gain weight (12). Furthermore, 

DM diagnosed in older individuals (>55 years) tends to be DM caused by PDAC, whereas 

diagnosis at a younger age is indicative of T2DM (12, 82), as seen in our study. However, Gupta 

et al. came to the opposite conclusion: younger age is a risk factor for NOD-PDAC (83). 

At least one additional risk factor for PDAC, such as age, family history and obesity, was 

present in our patients diagnosed with PDAC in HiRiPaC study. A previous study showed that 

obesity and T2DM are independent risk factors for PDAC (84). Our results suggest that taking 

these factors into account may increase the yield of a screening program for PDAC. 

Therefore, in the NODES trial we are studying elderly patients with new-onset diabetes mellitus 

using a biomarker panel (combining CA 19-9 with metabolites) to differentiate NOD-PDAC 

cases from T2DM patients. The expected positive endpoint of the NODES study is to validate 

this biomarker panel; whether it is suitable for early diagnosis of a mostly incurable, high 

mortality cancer, when surgery is still possible and the cancer can be cured. NOD-PDAC 

belongs to the T3cDM group, and T3cDM is the highest risk group for PDAC.  

Unfortunately, it is still underdiagnosed in clinical practice - perhaps because its symptoms are 

very similar to those of T2DM and its diagnosis is based on complex, expensive tests that are 

not routinely available. Diagnosing patients with T3cDM based on these criteria would be 

extremely difficult and would not be a cost-effective screening method, which is not favorable.  

While there are several pancreatic diseases that can cause T3cDM, the NODES study focuses 

only on the differences between NOD-PDAC and T2DM. In this way, this biomarker panel 

could be a diagnostic tool for the T3cDM subset NOD-PDAC. The test requires only a single 

blood sample, which means it is simple, repeatable, tolerable, minimally invasive, almost 
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painless, widely available and relatively inexpensive - it meets all the criteria for a screening 

method. 

 

8. Conclusion 

In conclusion, our prospective study demonstrated that the incidence of PDAC was significantly 

higher in patients with new-onset diabetes mellitus than in the normal population, making this 

group suitable for screening for PDAC. We confirmed that neither serum CA 19-9 nor 

transabdominal US, or both, are effective screening methods for the early detection of PDAC. 

In our study, abdominal CT is an effective imaging tool for the diagnosis of PDAC, but we 

were not able to prove that CT is an appropriate screening tool for early-stage PDAC.  

The NODES study aims to validate a biomarker panel for the diagnosis of NOD-PDAC in 

elderly patients with new-onset diabetes, i.e. early detection of PDAC through surveillance of 

high-risk patients. This would increase surgical resection rates, cure rates and survival by 30%-

40%. It would save lives, improve the wellbeing of the population and have a huge financial 

benefit: the increasing number of successful surgical interventions would lead to less need for 

chemotherapy and palliative interventions (such as stent implantation or 

gastroenteroanastomosis surgery) and reduce the burden of healthcare costs. 

 

9. Novel observations 

 

1. As statistically supported by our study, patients with new-onset diabetes mellitus are an 

appropriate group for pancreatic cancer screening. 

2. CA 19-9 alone or in combination with transabdominal ultrasound is not effective for 

screening or diagnosing pancreatic ductal adenocarcinoma. 

3. Transabdominal ultrasound is not effective for screening or diagnosing of pancreatic 

ductal adenocarcinoma. 

4. Abdominal CT is a reliable imaging tool for the diagnosis of pancreatic ductal 

adenocarcinoma, although not in the early stages. It is therefore not suitable for 

screening, including radiation exposure. 

5. By validating the biomarker panel studied in the NODES trial, the diagnosis of NOD-

PDAC will allow us to screen for pancreatic ductal adenocarcinoma at an early stage in 

patients with new-onset diabetes mellitus. 
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12. Annex 

NODES FORM A 

 
1. Patient personal details 

 
Insurance number:  
Name:       
Date of birth:  
Age:  
Gender:  female / male 
Race:   Asian-Indian / White / Black / N/A   
Date of diabetes diagnosis:  
Inclusion date:  
 
2. Inclusion criteria 

  

Patients older than 60 years YES NO 

Newly diagnosed diabetes mellitus (in the last 6 months) YES NO 

Written informed consent signed YES NO 

One „NO” is present = DO NOT INCLUDE! 

 
3. Exclusion criteria 

 

Continuous alcohol abuse (weekly, daily) YES NO 

Chronic pancreatitis YES NO 

Previous pancreas operation/pancreatectomy YES NO 

Pregnancy YES NO 

Present malignant disease YES NO 

Type-1 diabetes mellitus YES NO 

One „YES” is present = EXCLUDE! 

 
4. Details from the medical history 
Alcohol consumption:   yes / no 
If yes: frequency: N/A / occasionally/monthly  
Smoking:  yes  / no 
if yes: amount (cigarettes/day):…………………    
for how many years?   ………………………… 
if not:        Did you smoke earlier?           yes/no/ N/A 
if yes: amount (cigarettes/day):…………………………………  
for how many years?……………………………………… 
How long ago did you stop smoking? ………………………………. 

Institute: 

Doctor code 

 

Blood sample code: 

Date of blood sampling:  
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Antidiabetic treatment – if already taken 
 
Name of medication:………..…….. 
active substance:……………… 
dose: …………. 
dose without unit (number only!)  
unit: g / mg / IU 
how many times per day (e.g. 3): ………….   
Method of administration:   oral / subcutan 
 
Insulin:    yes / no 
 dosage 
Name of the medication:..…………………………… 
 Dosage (00:00 – 23:00) 
  
5. Status on admission 
 
Body weight:……………………………… kg Body height:………………… cm 
Calculated BMI: 
 
6. Complains, symptoms 
 
Abdominal pain:  yes / no 
 If yes:  since when (hours):….……………………………………….. 
  type: N/A / cramping / dull / sharp 
intensity (1-10):…………………………………….. 
location: diffuse / localised 
Please mark the location!  
radiation:……………………………………………….. 
 
Appetite:   good / retained / bad 
 
Weight loss:   yes / no 
 If yes:  How long did it take? (weeks):………………………… 
How much (kg):……………………………………………. 
 
7. Laboratory parameters on admission    
 

White blood cell (WBC) count (G/l)  

Hemoglobin (g/l)   

Hematocrit (%)  

Thrombocyte (G/l)  

ASAT/GOT (U/l)  

ALAT/GPT (U/l)  

Gamma GT (U/l)  

Total bilirubin (umol/l)   

Direct/Conjugated bilirubin (umol/l)   

Alkaline phosphatase (U/l)  

Cholesterol (mmol/l)   

Triglyceride (mmol/l)   

Glucose (mmol/l)   
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Blood urea nitrogen (mmol/l)   

Creatinine (umol/l)   

HbA1c (%)  

CA 19-9 (U/ml)  

Fe (µmol/l  

Sedimentation rate (mm/h)  

Na (mmol/l)  

K (mmol/l)  

 
 
8. Imaging examinations needed   yes / no 
 
 

Weight loss YES NO 

Abdominal pain/discomfort YES NO 

Abnormal laboratory data YES NO 

 Two “YES”es  are present = worrisome features -> 
EUS/MRCP! 

 
EUS:     yes / no 
If yes: Description: 
………………………………………………………………………………………………………………………………………………………… 
 
MRCP:     yes / no 
If yes: 
Description:………………………………………………………………………………………………………………………………………… 
 
Other examinations happened : 
 
Abdominal ultrasonography:  yes / no 
If yes:  Description: 
…………………………………………………………………………………………………………………………………………………………… 
 
Abdominal Computed Tomography: yes / no 
If yes: Description: 
…………………………………………………………………………………………………………………………………………………………… 
 
9. Date of next visit:  
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NODES FORM B 

1. Patient personal details 
 
Insurance number:  
Name:       
Date of birth:  
Visit No.: 
Date of visit: 
 

2. Status on admission 
 
Body weight:……………………………… kg  Body height: ………………………………… cm 
Calculated BMI: 
 

3. Complains, symptoms 
 
Abdominal pain:  yes / no 
 If yes:  since when (hours):….……………………………………….. 
  type: N/A / cramping / dull / sharp 

intensity (1-10):…………………………………….. 
location: diffuse / localised 
Please mark the location!  
radiation:……………………………………………….. 

 
Appetite:   good / retained / bad 
Weight loss:   yes / no 
 If yes:  How long did it take? (weeks):………………………… 

How much (kg):……………………………………………. 
 

4. Laboratory parameters on admission    
 

White blood cell (WBC) count (G/l)  

Hemoglobin (g/l)   

Hematocrit (%)  

Thrombocyte (G/l)  

ASAT/GOT (U/l)  

ALAT/GPT (U/l)  

Gamma GT (U/l)  

Total bilirubin (umol/l)   

Direct/Conjugated bilirubin (umol/l)   

Alkaline phosphatase (U/l)  

Cholesterol (mmol/l)   

Triglyceride (mmol/l)   

Glucose (mmol/l)   

Blood urea nitrogen (mmol/l)   

Creatinine (umol/l)  

HbA1c (%)  

CA 19-9 (U/ml)  

Fe (µmol/l  

Sedimentation rate (mm/h)  

Institute: 

Doctor code 

Biomarker  yes no 
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Na (mmol/l)  

K (mmol/l)  

 
5. Imaging examinations needed   yes / no 

 

Weight loss YES NO 

Abdominal pain/discomfort YES NO 

Abnormal laboratory data YES NO 

Unstable glucose metabolism* YES NO 

One “YES” is present = worrisome features -> EUS/MRCP! 

 
* despite the adequate diet and medical treatment and without intercurrent infection 
 
EUS:     yes / no 
If yes: Description: 
…………………………………………………………………………………………………………………………………………………………… 
 
MRCP:     yes / no 
If yes: Description: 
…………………………………………………………………………………………………………………………………………………………… 
 
Other examinations happened : 
 
Abdominal ultrasonography:  yes / no 
If yes:  Description: 
…………………………………………………………………………………………………………………………………………………………… 
 
Abdominal Computed Tomography: yes / no 
If yes: Description: 
…………………………………………………………………………………………………………………………………………………………… 
 

6.  Applied therapy/changes in therapy 
 
Name of medication:………..…….. 
active substance:……………… 
dose: …………. 
dose without unit (number only!)  
unit: g / mg / IU 
how many times per day (e.g. 3): ………….   
Method of administration:   oral / subcutan 

 
Insulin:    yes / no 
 dosage 

Name of the medication:..…………………………… 
 Dosage (00:00 – 23:00) 

7. Date of next visit:  


