
Early detection of pancreatic cancer in high-risk individuals
Klatte, D.C.F.

Citation
Klatte, D. C. F. (2024, June 5). Early detection of pancreatic cancer in high-
risk individuals. Retrieved from https://hdl.handle.net/1887/3759709
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3759709
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3759709


Identification of individuals 
at high risk of pancreatic 
cancer

PART III

binnenwerk -Derk-29-03.indd   129binnenwerk -Derk-29-03.indd   129 11-04-2024   21:3311-04-2024   21:33



binnenwerk -Derk-29-03.indd   130binnenwerk -Derk-29-03.indd   130 11-04-2024   21:3311-04-2024   21:33



Identification of Individuals 
at High Risk for Pancreatic 
Cancer Using a Digital 
Patient Input Tool Combining 
Family History Screening 
and New-Onset Diabetes

7
Derk C.F. Klatte, Kristin E. Clift, Sarah K. Mantia, Lindsey Millares, Sanne A.M. 
Hoogenboom, Richard J. Presutti, and Michael B. Wallace

Preventive Medicine Reports 2023

binnenwerk -Derk-29-03.indd   131binnenwerk -Derk-29-03.indd   131 11-04-2024   21:3311-04-2024   21:33



132 | Chapter 7

ABSTRACT

Capturing family history might be a valuable tool for identification of individuals at increased risk of 

pancreatic cancer, which would allow enrollment into pancreatic surveillance programs. In addition, 

weight loss and concurrent new-onset diabetes may be utilized as an early marker for pancreatic 

cancer. This study evaluates the yield of combining family history and the Enriching New-Onset 

Diabetes for Pancreatic Cancer (ENDPAC) model to identify individuals who could benefit from 

pancreatic surveillance. A novel questionnaire and digital input tool was created that combined 

questions on family cancer history and criteria of the ENDPAC model. Individuals meeting ENDPAC 

criteria were enrolled directly in the high-risk pancreatic clinic. Individuals who met the criteria for a 

significant family history of cancer were offered referral to a genetic counselor. The questionnaire was 

completed by 453 patients. Of those, 25.8% (117/453) had significant familial risk factors. Eighteen 

individuals (15.4%) completed genetic testing previously, of whom five had a pathogenic variant. 

Thirty-four (29.9%) out of 117 individuals with a strong family history – flagged by the questionnaire 

– underwent genetic testing. Four (11.8%) of these patients harbored a pathogenic variant. 

Additionally, through cascade family testing, two siblings were found to carry pathogenic variants. 

Four (0.9%) of the 453 patients matched ENDPAC criteria. Two were diagnosed with pancreatic 

cancer and the others were enrolled in the surveillance program. In conclusion, identification of 

high-risk individuals for pancreatic cancer can be achieved by combining family history screening 

and the ENDPAC model to facilitate referral to genetic counseling and high-risk clinics.
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INTRODUCTION

The United States Preventive Task Force reaffirmed in 2019 that asymptomatic, population-based 

screening for pancreatic cancer is not recommended.1 Th e reason for this is that the average lifetime 

risk is too low and would therefore most likely result in a large number of false-positive findings. 

However, incidence of pancreatic cancer is on the rise and will soon become the second leading 

cause of cancer death in the United States.2 It is therefore ever more important to identify individuals 

at high risk for pancreatic cancer who could benefit from surveillance. 

	 It is estimated that up to 10% of pancreatic cancer cases arise in individuals with a strong family 

history or in carriers of a germline mutation,3 for which pancreatic surveillance is recommended.4 

Recent evaluations of surveillance programs suggest that individuals who might benefit from 

surveillance are likely to be restricted to the ones carrying a pathogenic variant in a canc er 

predisposition gene.5, 6 Stratification of high-risk individuals would ensure that surveillance is offered 

to those who could benefit the most, while minimizing potential harms of screening. Capturing 

family cancer history offers a simple and cost-effective way to identify individuals at increased 

risk for pancreatic cancer and hereditary cancers in general.7-9 Darabi et al.10 demonstrated that 

in a community setting, involving patients with a personal and/or family history of cancer (n = 

8,239), genetic counseling and subsequent germline mutation testing resulted in identification 

of pathogenic or likely pathogenic variants in 15%. This underlines the significance of genetic 

counseling and testing to identify those who could potentially benefit from pancreatic surveillance.11, 

12 Both the American Society of Clinical Oncology (ASCO) and National Comprehensive Cancer 

Network (NCCN) recommend that patients diagnosed with pancreatic cancer should undergo 

assessment of risk and subsequent genetic testing in case of a suspected hereditary cancer 

syndrome.13, 14 In addition, germline genetic testing may also be offered to pancreatic cancer patients 

(or their first degree relatives) even when family history is unremarkable.13

 	A three-generation pedigree is the gold standard for appraising risk of an autosomal dominant 

cancer syndrome, of which family history of cancer in first- and second-degree relatives is most 

relevant. However, several barriers exist to family history collection in the clinical setting. Self-

reported histories can be limited, inaccurate or static 15. Moreover, providers are often restricted in 

time, are overwhelmed with data and “alert fatigue” 16, 17, and there are gaps in knowledge about 

hereditary cancers and genetic testing 17, 18. These factors make it challenging to reliably quantify 

hereditary risks. In consequence, patients with a genetic predisposition for cancer may be missed 

and thereby not receive counseling on individualized cancer surveillance. 

 	In addition to a genetic predisposition, individuals with new-onset hyperglycemia and diabetes 

(NOD) have an increased likelihood (approximately 8 fold higher risk) of developing pancreatic 

cancer, compared to the general population.19 As such, recognition of NOD as an early sign of a 

pancreatic malignancy could aid in the diagnosis of early stage cancers.20 However, a major challenge 

amidst the epidemic of obesity is to distinguish this pancreatogenic (type 3c) diabetes from type 2 

diabetes. Sharma et al. 21 developed and validated a model based on change in weight, change in 

blood glucose, and age at diagnosis of diabetes. The resulting Enriching New-Onset Diabetes for 

Pancreatic Cancer (ENDPAC) model identified patients who developed pancreatic cancer within 3 

years of diabetes onset (area under receiver operating characteristic curve 0.87). Th  us, identifying 
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134 | Chapter 7

patients with NOD could be an additional potential strategy to further enrich our high-risk cohorts 

with individuals who could benefit from relatively short-term (≤3 years) participation in pancreatic 

cancer surveillance.

	 In this pilot study, we evaluated combining family history and assessment of NOD in a 

gastroenterology and hepatology outpatient clinic to identify individuals at high-risk of pancreatic 

cancer who could benefit from genetic testing, and subsequent enrollment in pancreatic 

surveillance.

METHODS

Setting and Study Population

This project was conducted at the Department of Gastroenterology and Hepatology of Mayo Clinic 

Florida, United States. The study population included patients ≥ 18 years seen at the outpatient 

clinic for any gastroenterology (GI) indication between August 2018 and May 2019.

Pancreatic Cancer Risk Tool Questionnaire

The Pancreatic Cancer Risk Tool (PCRT) questionnaire is an application (app)-based questionnaire 

that was created in collaboration with Input Health (InputHealth, Ontario, Canada: a company 

specializing in patient-input health tools). The PCRT included questions on family history, weight 

change and fasting blood glucose change. This included questions on personal history of cancers 

(e.g. “Have you ever had one of the following cancers?”) and family history of cancers (e.g. “What is your 

biological mother’s cancer history?”; “Was your mother diagnosed with any of the above cancers before 

or at the age of 50?”). The complete questionnaire is provided in the Supplementary Materials.

 	The family history questions were backed with a simple scoring algorithm based on the NCCN 

2020 guideline to prompt referral for genetic counselling.22 A significant familial risk score was 

defined as having a score greater than or equal to three; which was an indication for referral to 

genetic counseling. Example 1: Personal or Family history of pancreatic cancer = 3 points. Example 

2: Personal or family history of breast cancer = 1 point, if under the age of 50 add 2 points. Because 

several genes and cancer syndromes are associated with a high pancreatic cancer risk, questions 

were asked about family cancer history in general. Patients who proceeded with genetic testing 

were tested with a multi-gene hereditary cancer panel. Tests varied based on patient’s personal 

history, family history, personal preferences, and insurance.

 	The questionnaire asked patients about recent weight changes and recent fasting blood glucose 

changes in attempt to identify people meeting criteria from the ENDPAC model. Additionally, 

questions were included on other risk factors such as smoking, pancreatitis, obesity, and duration 

of diabetes. 

 	The questionnaire was e-mailed to all patients visiting the outpatient GI clinic in advance. If 

patients had not filled in the questionnaire in advance, the questionnaire was offered on a tablet 

device in the waiting room. Prior to filling in the questionnaire, patients were offered education about 

the purpose of the questionnaire, namely the identification of people with a higher than average risk 

of developing pancreatic cancer or other cancers (as part of hereditary cancer syndromes). Patients 

with significant risk factors identified (high-risk), were contacted by their GI provider and offered 

referral to a clinical geneticist for further evaluation.  
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 	This study complies to Mayo Clinic’s guidelines for protection of human subjects safety and 

privacy. Deployment of the PCRT questionnaire was permitted as part of a quality improvement 

study. Permission to conduct retrospective chart review to capture additional clinical data was given 

by the Mayo Clinic Institutional Review Board (ID: 19-010097). 

Statistical Analysis

For descriptive analyses, continuous variables are reported as a mean with standard deviation (SD) 

or median with interquartile range (IQR). Categorical variables are reported as frequencies with 

percentage of total. All statistical analysis were performed using R version 4.0.2.

RESULTS

The questionnaire was completed by 453 patients who visited the Gastroenterology and Hepatology 

clinic between August 2018 and May 2019 (Figure 1). Since all visiting patients were e-mailed the 

questionnaire in advance and were offered the questionnaire again in case the questionnaire was 

not filled in, we expect the completion rate to be nearly 100%. A little over half of the participants 

were female (251; 55.4%), with a median age of 65 years (IQR 54-72). Six of the 453 patients (1.3%) 

had a pre-existing diagnosis of pancreatic cancer, and 88 out of 453 individuals (19.4%) reported 

having a personal history of one or more different cancers. The median risk score was 1 (IQR 0-3) 

and the highest score was 13. In total, a quarter (117/453; 25.8%) of patients were identified to 

have significant familial risk factors (risk score ≥3). Eighteen patients (18/453; 4.0%) had previously 

undergone genetic testing prior to completing the questionnaire. Three of these 18 patients had 

a risk score lower than three. Demographic data for respectively the low-risk and high-risk group 

are summarized in Table 1. 

453 patients 
Completed questionnaire

117/453 (25.8%)
Risk score ≥3

318/453 (70.2%)
Risk score <3

18/453 (4.0%)
Previous genetic testing†

40/117 (34.2%)
Genetic counseling

77/117 (65.8%)
No genetic counseling

34/40 (85.0%)
Genetic testing

12/34 (35.3%)
VUS

4/34 (11.8%)
Pathogenic variant

16/34 (47.1%)
Negative result

2/18 (11.1%)
VUS

5/18 (27.8%)
Pathogenic variant

11/18 (61.1%)
Negative result

2/34 (5.9%)
Other¥

Figure 1. Overview of outcomes of patients who completed the Pancreatic Cancer Risk Tool questionnaire. 
VUS = variant of uncertain significance. † Three out of 18 individuals who underwent previous genetic testing 
had a risk score < 3. ¥ One patient was found to be a carrier of Bloom syndrome (BLM gene) and one patient 
was found to be a carrier for Gilbert syndrome (UGTA1 gene).
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Table 1. Demographic information for 453 respondents to the Pancreatic Cancer Risk Tool questionnaire (PCRT)

PCRT < 3 (n = 318) PCRT ≥ 3 (n = 117) P

Female, n (%) 170 (53.5) 67 (57.3) 0.48^

Age, median (IQR) 64 (51.2 – 72.0) 66 (60.0 – 73.0) 0.02#

Ethnicity, n (%) 0.39†

White 286 (89.9) 108 (92.3)

African American 23 (7.2) 4 (3.4)

Asian 4 (1.3) 2 (1.7)

Other 5 (1.6) 3 (2.6)

Diabetes or glucose intolerance, n (%) 72 (22.6) 32 (27.4) 0.37^

Currently tobacco smoking, n (%) 23 (7.2) 10 (8.5) 0.80^

Personal history of any cancer, n (%) 46 (14.5) 38 (32.5) <0.01^

Ashkenazi Jewish ancestry*, n (%) 7 (2.2) 16 (13.7) <0.01^

IQR, interquartile range.
*Biological mother, father or both; ^Chi-square test; #Mann-Whitney U test; †Fisher’s exact test.

All patients with familial risk factors (risk score ≥ 3) were informed of the high-risk clinic and 

offered consultation with a genetic counselor. Due to the broad nature of the cancer family history 

questions asked, the questionnaire identified people at risk for hereditary cancer syndromes in 

general. Thirty-four individuals who were flagged by the questionnaire, completed genetic testing 

for the first time. Of those, four individuals (4/34; 11.4%) were found to harbor pathogenic variants 

(Table 2). Five (5/18; 28%) of the 18 individuals who previously underwent genetic testing, harbored 

a pathogenic variant (Figure 1; Supplementary Table 1). Thus, including the previously identified 

patients, nine (18.4%) out of the 49 patients who had a risk score ≥ 3 and underwent genetic testing 

had a pathogenic variant.

 	Of the four patients identified in this pilot with pathogenic variants, one patient was found to 

have a low penetrance APC risk allele for colorectal cancer. One patient was molecularly confirmed 

to have multiple endocrine neoplasia type 2 due to a pathogenic variant in the RET gene, which 

allowed for cascade screening in her sibling who also carried the variant. Another patient was found 

to carry an SDHA variant associated with risk for paraganglioma and pheochromocytomas. Lastly, 

a patient with a recent episode of pancreatitis was diagnosed with pancreatic cancer after she 

filled out the questionnaire and was found to carry a pathogenic ATM variant. The result prompted 

consideration of platinum-based chemotherapy and/or PARP inhibitors in her cancer management. 

Her unaffected sibling also tested positive for the familial variant and has implemented a new cancer 

surveillance regimen. 

 	Sixteen (47.1%) of the 34 patients received negative results, and twelve (34.4%) patients harbored 

one or more variants of uncertain significance (VUS). There were two secondary findings: one patient 

was found to be a carrier of Bloom syndrome (BLM gene), and one patient was found to be a carrier 

for Gilbert syndrome (UGTA1 gene).
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138 | Chapter 7

	Questions assessing NOD criteria adopted from the ENDPAC model were completed by 348 

(76.8%) out of 453 patients. Of those patients, approximately one-third (128/348; 36.8%) did not know 

whether any changes in fasting blood glucose occurred and 16 (4.6%) could not recall their weight 

one year ago. Thus, 220 (63.2%) out of 348 patients were able to provide sufficient information to 

be assessed for the NOD criteria. Four patients (4/220; 1.8%) had self-reported weight-loss and self-

reported higher than normal blood glucose around the age of 50 who were not yet diagnosed with 

pancreatic cancer (GI appointment indications: diarrhea and flushing; pancreatic cyst; pancreatitis; 

pancreatic mass). Other risk factors were reviewed, and these patients were offered to be enrolled 

in the high-risk clinic. One patient is currently being monitored with annual magnetic resonance 

imaging (MRI). Two patients were diagnosed with pancreatic cancer shortly after filling out the 

questionnaire (Table 3). The first patient was a 59 year old female who came for evaluation of a 

small pancreatic cyst (6 mm) with mild pancreatic duct dilation in the tail without any suspicion of a 

pancreatic mass on computed tomography (CT).  Within the last year she lost 14% of her bodyweight, 

which she said was intentional. She had no other (abdominal) complaints. Repeat pancreatic imaging 

with MRI was performed nine months later, which showed an increase of duct dilation and suggestion 

of a pancreatic mass, which was confirmed on endoscopic ultrasound (EUS). Patient underwent a 

distal pancreatectomy and was diagnosed with pT1cN0M0 pancreatic cancer. The second patient was 

a 81 year old female who came for evaluation of a pancreatic mass, which was found as an incidental 

finding on CT to rule out kidney stones. She reported a 4% loss of bodyweight. Imaging showed a 16 

mm pancreatic mass with upstream dilation of the pancreatic duct and atrophy. Patient underwent 

neoadjuvant chemoradiotherapy because of arterial and venous encasement. Seven months later, 

a distal pancreatectomy was performed an patient was diagnosed with ypT1apN0M0 pancreatic 

cancer with positive resection margins, and underwent subsequent adjuvant chemotherapy.

Table 3. Characteristics of patients who met Enriching New-Onset Diabetes for Pancreatic Cancer (ENDPAC) 
criteria and were later diagnosed with pancreatic cancer

Age/sex, 

reason of 

visit

Self-reported current and 

previous weight

Timeline from questionnaire completion to 

diagnosis and treatment

Familial risk 

referral score

59/F

Pancreatic 

cyst

Current weight 209 lbs

Previous weight 242 lbs 

(-14%)

January 2019 – CT: 6mm pancreatic cyst with mild 

pancreatic duct dilation; no suspicion of mass

March 2019 – Questionnaire completed

October 2019 – MRI: increase of duct dilation with 

suggestion of a mass

November 2019 – Distal pancreatectomy. Pathology: 

16mm well differentiated adenocarcinoma arising from 

intraductal papillary mucinous neoplasm (pT1cN0M0), 

with negative resection margins

January 2020 – Adjuvant chemotherapy

Score 1: father 

with colorectal 

cancer)

81/F

Pancreatic 

mass

Current weight 175 lbs

Previous weight 183 lbs 

(-4%)

January 2019 – Questionnaire completed

January 2019 – Diagnosis of pancreatic cancer and start 

of neoadjuvant chemoradiotherapy

October 2019 – Distal pancreatectomy: ypT1aN0M0 

pancreatic cancer, with positive resection margins

November 2019 – Adjuvant chemotherapy

Score 3: sibling 

with pancreatic 

cancer

Previous genetic 

testing negative
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DISCUSSION

Our study found that a simple, low-cost, non-invasive application-based questionnaire was effective 

at identifying a relevant number of individuals at elevated risk for hereditary cancer and met 

guidelines for further genetic evaluation and/or referral for pancreatic cancer surveillance. Four 

individuals identified through our questionnaire harbored a pathogenic variant, of which two (ATM 

and APC) are considered relevant pancreatic cancer susceptibility genes.4, 23 This renders the eventual 

yield of the family history questionnaire in this population relatively modest. An additional four 

patients met ENDPAC criteria, of which two were subsequently diagnosed with pancreatic cancer. 

This study supports that patient-reported family cancer histories are a critical component of cancer 

risk assessment, which allows for subsequent genomic evaluation and potential enrollment into 

surveillance programs.24-27

 	By offering the questionnaire to patients we were able to achieve an incremental gain for uptake 

of genetic testing. Only 18 (4%) out of the 453 patients who completed the questionnaire had 

previously undergone genetic testing. Following completion of the questionnaire and subsequent 

genetic counseling, this proportion almost doubled. An additional way to identify patients at 

risk of pathogenic variants is through cascade screening for asymptomatic family members.28, 29 

Consequently, this pilot identified two siblings who also carried pathogenic variants. In future 

studies, a more concentrated effort to offer cascade screening to family members would maximize 

the value of similar risk identification tools. 

 	Of relevance is that approximately one-third of the patients who underwent genetic testing were 

diagnosed with a VUS. Due to sensitive sequencing technologies, gene variants can be detected 

for which the functional impact and clinical consequence is uncertain.30 This can be a challenging 

concept to comprehend and may cause anxiety, worry and uncertainty in counselees.31-33 As genetic 

testing will likely continue to increase, it is essential to improve education for patients and providers 

to ensure correct understanding and management.34, 35 Concurrently, further research is required to 

reclassify a proportion of VUS into clinically actionable variants.36, 37

 	One of the limitations of this study include the known limitations of relying on patient-reported 

data. Although literature shows that cancer family-history questionnaires are in general reliable,38 

we observed that regarding the ENDPAC model, many patients could not recall or did not know 

if they’ve had a rise in blood glucose levels. Because this study relied on patient input data, we 

identified a low number of patients meeting the ENDPAC model criteria. Factors to identify NOD and 

weight change are mostly readily available in the electronic medical record, which could be used 

to automatically assess risk and identify individuals who are at increased risk of pancreatic cancer. 

 	Family history should be reviewed with patients frequently. Unfortunately, family history is often 

overlooked because of competing demands in current practices and data overload. A potential 

solution is to incorporate the referral algorithm in the electronic medical record to automate 

identification of patients who should be referred to genetic counseling. To subsequently further 

improve uptake of genetic testing, efforts should focus on mitigating some of the associated 

barriers. In this study, less than one third (34/117; 29.1%) of the individuals with significant familial 

risk factors engaged with genetic testing. These findings are in line with a previous study, which 

showed comparable numbers for referral rates and testing engagement from using a patient-

7
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140 | Chapter 7

entered method for gathering family history.39 Some of the reasons noted by patients who did not 

move forward with genetic testing were lack of interest, concerns about costs, insurance coverage, 

and timing. These factors could be alleviated in the future with upfront information about actual 

costs and insurance coverage, information about The Genetic Information Non-Discrimination Act 

(GINA, 2008), timely coordination and communication of results and referral for genetic counseling. 

 	In conclusion, identification of high-risk individuals for pancreatic cancer can be achieved in a 

low-risk and low-cost way by combining family history screening and the ENDPAC model criteria in 

a questionnaire to facilitate referral to genetic counseling and enrollment in high-risk surveillance 

programs.  
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SUPPLEMENTARY MATERIALS

 Content of the Pancreatic Cancer Risk Tool questionnaire

1.	 What is your ethnicity?

�	American Indian or Alaska Native

�	Asian (including Indian subcontinent and Philippines)

�	Black or African American (including Africa and Caribbean)

�	 Native Hawaiian or Other Pacific Islander

�	 White

�	 Other, please specify	

2.	 Do you currently smoke cigarettes?

�	Yes

�	Age started smoking

�	Average number of cigarettes per day

�	o – Never smoked

�	o - Quit

�	Age started smoking

�	Average number of cigarettes per day

�	Age quit smoking	

3.	 Do you consume any other tobacco products?

�	 Yes

�	 No	

4.	 Have you ever had pancreatitis?

�	 Yes

�	 No

�	 I don’t know	

ENDPAC MODEL QUESTIONS

5.	 Have you ever been told you had diabetes or a problem with high blood sugar?

�	 No

�	 Yes

�	  Type 1 Diabetes

�	  Type 2 Diabetes

�	  Type 3 Diabetes

�	  Unsure	

7
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6.	  Have you had diabetes for more than 5 years?

�	 Yes

�	 No	

7.	� Do you know if there has been a change in your fasting blood glucose recently?

�	 Yes, it was higher than normal

�	 Yes

�	 No

�	 I don’t know	

8.	 What is your height? [enter height]	

9.	 What is your weight? [enter weight]	

10.	 Do you recall your weight 1 year ago?

�	 No, but I had weight gain

�	 No, but I had weight loss

�	 No, but there was no change

�	 No, not at all

�	 Yes {enter weight]	

11.	 If you lost weight in the last year, was your weight loss intentional?

�	 Yes

�	 No

�	 Unsure

�	 I did not lose weight	

FAMILY HISTORY QUESTIONS

12.	� Have you previously been diagnosed with a hereditary cancer syndrome either 

through a positive genetic test or clinical history? For examples: hereditary breast 

and ovarian cancer syndrome (BRCA 1/2, Lynch syndrome (EPCAM, MLH1, MSH2, 

MSH6, MLH1, PMS2), Li- Fraumeni (TP53), familial adenomatous polyposis (APC), 

Muir-Torre syndrome, Peutz-Jeghers syndrome (STK11), familial atypical multiple 

mole melanoma syndrome (FAMMM) (CDKN2A), or other hereditary cancer risk

�	 Yes, I have had genetic testing	 3

�	 Yes, but I have not yet had genetic testing	 3

�	 No	 0

�	 Unknown	 0

�	 I have a family member that has been diagnosed with a hereditary cancer 

 syndrome	 3

13.	 Have you ever had one of the following cancers?

�	 Breast	 1
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�	 Colon	 1

�	 Malignant melanoma	 1

�	 Ovarian	 3

�	 Prostate	 1

�	 Uterine	 1

�	 Pancreatic	 3

�	 None of the above	 0

14.	� Were you diagnosed with any of the above cancers before or at the  

age of 50?

�	 Yes	 2

�	 No	 0

15.	 What is your biological mother’s cancer history?

�	 Pancreatic	 3

�	 Breast	 1

�	 Ovarian	 3

�	 Uterine	 1

�	 Colon	 1

�	 Melanoma	 1

�	 Other cancer	 0

�	 None of the above	 0

16.	 Was your mother diagnosed with any of the above cancers before or at the  

	 age of 50?

�	 Yes	 2

�	 No	 0

�	 Unsure	 0

17.	 What is your biological father’s cancer history?

�	 Pancreatic	 3

�	 Breast	 3

�	 Prostate	 1

�	 Colon	 1

�	 Melanoma	 1

�	 Other cancer	 0

�	 None of the above	 0

7
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18.	 Was your father diagnosed with any of the above cancers before or at the 

	 age of 50?

�	 Yes	 2

�	 No	 0

�	 Unsure	 0

19.	� Do either of your biological parents have any Ashkenazi (Eastern European) Jewish 

ancestors that you are aware of?

�	 Yes, my mother	 1

�	 Yes, my father	 1

�	 Yes, both my biological parents	 2

�	 I do not know my biological parents	 0

�	 No	 0

�	 Unknown	 0

20.	� Do you have any biological siblings who have been diagnosed with the following 

cancers?

�	 Pancreatic	 3

�	 Breast	 1

�	 Prostate	 1

�	 Ovarian	 3

�	 Colon	 1

�	 Melanoma	 1

�	 Uterine	 1

�	 I have no siblings	 1

�	 None of the above	 0

�	 I have no siblings	 0

21.	� Were any of your siblings diagnosed with any of the above cancers before or  

at the age of 50?

�	 Yes	 2

�	 No	 0

�	 Unknown	 0
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22.	� Do you have any biological children who have been diagnosed with cancer? 

(Please select all that apply)

�	 Pancreatic	 3

�	 Breast	 1

�	 Prostate	 1

�	 Ovarian	 3

�	 Colon	 1

�	 Melanoma	 1

�	 Uterine	 1

�	 Other cancer	 0

�	 None of the above	 0

�	 I have no children	 0

23.	� Were any of your children diagnosed with any of the above cancers before or at the 

age of 50?

�	 Yes	 2

�	 No	 0

�	 Unknown	 0

24.	� Do you have any second-degree relatives (aunt/uncle, niece/nephew, grandparent) 

who have been diagnosed with the following cancer(s) or other diseases? (Please 

select all that apply)

�	 Pancreatic	 3

�	 Breast	 1

�	 Prostate	 1

�	 Ovarian	 3

�	 Colon	 1

�	 Melanoma	 1

�	 Uterine	 1

�	 None of the above	 0

�	 Other	 0

25.	� Were any of your second-degree relatives diagnosed with any of the above cancers 

before or at the age of 50?

�	 Yes	 2

�	 No	 0

�	 Unknown	 0

7
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Supplementary Table 1. Details of five individuals who underwent previous genetic testing in which a 
pathogenic variant was identified

Characteristics, reason of visit Gene Risk 
score

60/F,
Genetic susceptibility

BRCA1 and BRCA2 11

82/M,
Recurrence of renal cell carcinoma in gastric wall

Prothrombin G20210A (non-cancer associated) 4

32/M,
Evaluation recurrent pancreatitis

COL6A1 (non-cancer associated) 3

52/F,
Candida esophagitis

CHEK2 3

61/F,
Surveillance for endocrine neoplasia

MEN1 2
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