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AAbbssttrraacctt  
  
Background: CDKN2A-p16-Leiden mutation carriers have a high lifetime risk of developing 
pancreatic ductal adenocarcinoma (PDAC), with very poor survival. Surveillance may improve 
prognosis. 

Objective: To assess the cost-effectiveness of surveillance 

Methods: In 2000, a surveillance program was initiated at Leiden University Medical Center 
with annual MRI and optional EUS. Data were collected on the resection rate of screen-
detected tumors and on survival. The Kaplan-Meier method and a parametric cure model 
were used to analyze and compare survival. Based on the surveillance and survival data from 
the screening program, a state-transition model was constructed to estimate lifelong 
outcomes. 

Results: A total of 347 mutation carriers participated in the surveillance program. PDAC was 
detected in 31 patients (8.9%) and the tumor could be resected in 22 patients (71.0%). Long-
term cure among patients with resected PDAC was estimated at 47.1% (p<0.001). The 
surveillance program was estimated to reduce mortality from PDAC by 12.1% and increase 
average life expectancy by 2.10 years. Lifelong costs increased by €13,900 per patient, with a 
cost-utility ratio of 14,000 euro per QALY gained. For annual surveillance to have an 
acceptable cost-effectiveness in other settings, lifetime PDAC risk needs to be 10% or higher. 

Conclusion: The tumor could be resected in most patients with a screen-detected PDAC. 
These patients had considerably better survival and as a result annual surveillance was found 
to be cost-effective. 
  

IInnttrroodduuccttiioonn  
Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes of cancer death. Most 
PDACs in patients who present with symptoms are diagnosed at an advanced stage and, as a 
consequence, only 15% of tumors can be resected. The 5-year survival rate of all PDAC 
patients is approximately 8% (1,2). At the present time, early detection and surgery is the 
only way to potentially cure this disease. 

Hereditary factors play a role in the development of PDAC in 5-10% of all cases, with either a 
positive family history for PDAC or a recognized underlying gene defect associated with PDAC 
(3). During the last two decades, surveillance programs for individuals with an increased risk 
of PDAC have been implemented in many centers worldwide , resulting in higher curative 
resection rates and better survival (4-8). 

Relatively few studies have investigated the cost-effectiveness of surveillance programs for 
individuals at increased risk of pancreatic cancer. The available studies concluded that 
pancreatic cancer screening is generally cost-effective in various high-risk groups (9-12). In 
the present study, we evaluate the cost-effectiveness of a surveillance program in the large 
cohort of CDKN2A-p16-Leiden-mutation carriers. 

  
  
  

 

 

PPaattiieennttss  aanndd  mmeetthhooddss  
Surveillance program and data collection 
The surveillance program was initiated in 2000 at the Department of Gastroenterology & 
Hepatology, Leiden University Medical Center (4). Only patients with a proven CDKN2A-p16-
Leiden founder mutation or other pathogenic variant were selected for the program. The 
surveillance protocol consists of an MRI once a year, with an optional EUS. In case of 
suspicion of a malignant lesion, the MRI is repeated within 3 months. In case of a highly 
suspicious lesion, an additional EUS and CT are performed within 2-3 weeks. If these 
modalities confirm the lesion, a partial pancreatectomy is performed. Most patients with 
PDAC are also offered chemotherapy. 

The study was approved by the IRB of the Leiden University Medical Center (P00.107). All 
authors had access to the study data and reviewed and approved the final manuscript. All 
calculations were performed in Stata/IC 14.2 for Windows (StataCorp LLC, Texas, USA). 

Survival analysis 
Survival data have been reported recently (4). For the current analysis, we performed 
parametric survival analyses on these data to allow for extrapolation beyond the duration of 
follow-up. Survival after surgery among resected and non-resected patients was estimated 
using a cure model, i.e. a mixture of either cure from PDAC or Weibull-distributed survival 
(13). The cure probability was only maintained if the probability had a statistically significant 
non-zero value at p≤0.05. The same parametric model was used to estimate the time until 
detectable PDAC (14). Kaplan-Meier analysis was performed to validate the estimated 
parametric survival curves, with log-rank test to compare resected and non-resected 
patients. 

Cost-effectiveness model 
A state-transition model was constructed for the surveillance program and subsequent 
management of PDAC (Figure 1, Table 1). Patients are at risk for developing detectable PDAC 
(incidence rate ) and dying (mortality rates 0, 1, 2). Patients with detectable PDAC are 
identified and treated surgically after a lead time (rate ). When identified, patients may or 
may not be resectable (with probabilities 1 and 1-1). When resected, patients may or may 
not be cured (with probabilities 2 and 1-2). 
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Figure 1. State-transition model for pancreatic cancer surveillance  
 
 
 
 
Table 1. Parameters in the state-transition model 

Parameter Estimates and assumptions 
 Incidence rate for detectable PDAC 

 Age distribution: 
 

mean = 76.5 yr (SD = 10.8) 
truncated to only values below 75 

 Lead time before PDAC is detectable 
 with surveillance: 
 without surveillance: 

mean = 0.5 yr 
mean = 1.0 yr 

1 Probability that detected PDAC is resectable 
 with surveillance: 
 without surveillance(25)(25)(25)(25)(25)(25)(25)(25)(25)(25)(25)(25)(25)25(25)(25): 

1 = 71.0% (95% CI 54.0% to 87.9%) 
1 = 15% [18] 

2 Probability that resected patient is cured 
 with surveillance: 
 without surveillance(26)(26)(26)(26)(26)(26)(26)(26)(26)(26)(26)(26)(26)26(26)(26): 

2 = 47.1% (95% CI 25.1% to 69.1%) 
2 = 0% [8] 

0 Mortality rate without detected PDAC 
 Female life expectancy: 
 Male life expectancy: 

mean = 84.5 yr (SD = 10.8) 
mean = 81.5 yr (SD = 10.7) 

1 Mortality rate after non-resected PDAC 
 Life expectancy: 

mean = 1.10 yr (SD =0.65) 

2 Mortality rate after resected non-cured PDAC 
 Life expectancy: 

mean = 1.90 yr (SD =0.76) 

 

The model was used to simulate individual patient histories, both with and without a 
surveillance program (15). Each simulated history started at age 45, for either a female or a 

 

 

male individual. First, survival time without PDAC was simulated based on national Dutch 
survival data, assuming a Weibull distribution fitted to the mean and SD as obtained from the 
life tables of Statistics Netherlands (16,17). Secondly, for the annual surveillance policy, the 
time until detection of PDAC and resectability of the tumor were estimated from the 
surveillance data of the surveillance program (14,4). No further surveillance for PDAC was 
assumed beyond 75 years of age and after a first PDAC. The survival time after PDAC was 
simulated from either the estimated cure model for resected patients or the estimated 
Weibull distribution for non-resected patients. Overall lifetime was then estimated as the 
minimum of the survival time without PDAC and the survival after PDAC. Thirdly, the policy 
without surveillance program was modeled to have a longer lead time before PDAC is 
detected. Due to lack of data, we assumed exponentially-distributed lead times between the 
origin and detection of PDAC. Moreover, without a surveillance program, detected PDAC was 
assumed to be resectable with probability 1=15% (18), and curable with probability 2=0 (8). 

QALYs and costs 
For each simulated patient history, we estimated lifetime costs and quality-adjusted life years 
(QALYs). QALYs were estimated using utility values obtained from the literature. For utility 
without PDAC, with undetected PDAC and after cured PDAC we used a utility value of 0.85, 
based on the Dutch EQ-5D valuations above age 40 (19). For utility after non-resected PDAC 
and after non-cured resected PDAC we used a utility value of 0.75, based on a reported range 
from 0.72 to 0.78 for EQ-5D values in representative publications (20-25). 

Costs were assessed from a healthcare perspective (Supplementary Table), including only 
healthcare associated with PDAC surveillance (visits, MRI, EUS, and CT), PDAC treatment 
(surgery and chemotherapy) and follow-up after diagnosis (visits). Prices of healthcare were 
obtained from Dutch national averages as reported by hospitals (n=45 out of 84, 
www.ziektekosten.nl), or otherwise from benchmark costs for Dutch university medical 
centers (n=4 out of 8, www.performation.nl). Costs are reported at 2022 price level. Costs 
and QALYs over time were discounted at 4% and 1.5%, respectively, in accordance with 
Dutch guidelines for economic evaluations in healthcare (26). 

Cost-effectiveness analysis 
Model outcomes were estimated by averaging 10,000,000 simulated patient histories, which 
was sufficient to reduce the half-width of the 95% confidence interval to at most one unit of 
the last reported decimal. 

Sensitivity analyses were performed for lifetime PDAC risk (±50%, by changing the incidence 
rate), cure probability (over the 95% CI), discount rate for costs (0% to 5%), surveillance costs 
(±50%), treatment costs (±50%), lead time without surveillance (range 0.5 to 2 years), utility 
after PDAC (±0.10), and starting age (range 45 to 70). 

We also modeled two surveillance programs with a shorter (i.e., biannual) screening interval. 
In program 1, we assumed that with biannual screening the annual surveillance costs would 
double and resectability would improve to 90%. In program 2, we additionally assumed that 
cure after surgery would improve to 70%. Cost-effectiveness for these programs was 
calculated as compared to annual screening. 

In the Netherlands, a willingness-to-pay threshold of 80,000 euro per QALY is recommended 
by the Dutch Council for Public Health and Health Care for conditions with a high disease 
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burden, like diagnosed PDAC. For low disease burden and prevention, a lower threshold of 
20,000 euro per QALY is used. In the current paper we will consider cost-effectiveness 
acceptable for cost-utility ratios up to an intermediate threshold of 50,000 euro per 
QALY (27). 

 

RReessuullttss  
A total of 347 mutation carriers were included in the study, of whom 201 were female 
(57.9%). The median age at start of surveillance was 49 years (IQR 44 to 55 years), with a 
median follow-up time of 6 years (IQR 2 to 10 years, range 0 to 17 years). A total of 31 (8.9%) 
primary PDAC were detected by the screening program, of which 20 in female patients 
(65%). The median age at diagnosis was 60 years (range 39 to 74 years). The tumour could be 
resected in 22 patients (71.0%). Extensive details have been reported before (4). 

Survival analysis 
The Kaplan-Meier survival curve (Figure 2) was significantly better among patients with 
resected PDAC than with non-resected PDAC (p<0.001, median 36 versus 16 months). 

The parametric survival curves provided a close visual fit to the Kaplan-Meier curves. For 
resected patients, the long-term cure probability was estimated at 47.1% (p<0.001, 95%CI 
25.2% to 69.1%). Among the resected but non-cured patients, average survival time was 23 
months. Among patients with non-resected tumor the average survival time was 13 months. 
 
 

Figure 2. Estimated parametric survival distributions (dashed lines) among resected (n=22) and nonresected (n=9) PDAC 
patients, in comparison to Kaplan-Meier curves 
 

 

 

Cost-effectiveness analysis 
Patient outcomes with and without the surveillance program are shown in Table 2. With 
surveillance the lifelong probability of a PDAC diagnosis is slightly higher, because without 
surveillance some patients die before diagnosis. More importantly, with surveillance the 
majority of patients (71.0%) with PDAC are diagnosed at a resectable stage and about one in 
three of diagnosed patients (33.5%) is estimated to have long-term cure after surgery. As a 
result, mortality from PDAC is estimated to decrease by 12.1%, life expectance increases by 
2.10 years, and quality-adjusted life years by 0.97 years. 

Nevertheless, screening does come with additional costs. The lifelong healthcare costs for 
patients undergoing surveillance were estimated at €15,400, compared to only €1,500 
without surveillance. Of the cost difference, 82% is due to surveillance costs. Although 
treatment costs are also substantial, they apply to only part of the population and receive 
less discounted weight because they occur on average more than 20 years in the future. 
Cost-effectiveness ratios are estimated at 115,000 euro per prevented PDAC death or 14,000 
euro per QALY gained. 
 

 
Table 2. Average lifelong outcome with and without MRI surveillance from age 45-75 years, for a 45-year-old person in the 
CDKN2A-p16-Leiden population 

Outcome parameter Surveillance No surveillance Difference 

Lifetime probability of diagnosed PDAC 
of which non-resected 

resected, non-cured 
resected, cured 

Mortality from PDAC 

37.6% 
29.0% 
37.5% 
33.5% 
24.3% 

37.3% 
85.0% 
15.0% 
  0.0% 
36.4% 

   0.3% 
-56.0% 
 22.5% 
 33.5% 
-12.1% 

Age at PDAC diagnosis 
Life years 
QALYs 

66.40 yr 
33.74 yr 
21.76 yr 

66.90 yr 
31.64 yr 
20.79 yr 

-0.49 yr 
 2.10 yr 
 0.97 yr 

Costs of screening (in €) 
Costs of surgery (in €) 
Costs of chemotherapy (in €) 
Costs of follow-up after PDAC (in €) 
Costs in total (in €) 

11,400 
3,100 

700 
200 

15,400 

0 
700 
700 
100 

1,500 

11,400 
2,400 

0 
100 

13,900 

Cost-effectiveness ratio 
Cost-utility ratio 

115,000 euro per prevented PDAC death 
14,000 euro per QALY gained 
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Figure 3. Tornado diagram, showing the impact of model parameters on the estimated cost-effectiveness of annual 
surveillance 
 

Sensitivity analyses 
In all sensitivity analyses cost-effectiveness remained below 30,000 euro per QALY (Figure 3), 
which is well below the acceptability threshold of 50,000 euro per QALY. The most influential 
variables were the lifetime risk of PDAC and the probability that surgery results in long-term 
cure. Figure 4 shows how lower PDAC risk results in worse cost-effectiveness. For annual 
surveillance to have an acceptable cost-effectiveness below 50,000 euro per QALY, lifetime 
PDAC risk needs to be 10% or higher. 
The figure also shows the estimated cost-effectiveness of more expensive bi-annual 
surveillance. The first program is bi-annual surveillance with improved 90% resectability 
(instead of the 71.0% for annual screening), but without improved cure among resected 
patients. This program 1 will only be cost-effective for a lifetime PDAC risk of at least 32%. 
The second program, in addition, improves cure to 70% (instead of 47.1%). The cost-
effectiveness of this program 2 will be very similar to annual surveillance, with about double 
the costs but also about double the QALY gain. 
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mutations associated with PDAC development), the screening strategies (once in a lifetime, 
annual or bi-annual screening) and screening methods (EUS or MRI/MRCP) varied widely 
between the studies. One study also constructed a decision tree model for a hypothetical 
familial pancreatic cancer (FPC) population that underwent one-time screening using EUS (9). 
The investigators concluded that for screening to be cost-effective the probability of 
dysplasia needs to be sufficiently high and the screening method must be sufficiently 
sensitive. Another study developed a screening protocol that consisted of a bi-yearly MRI (10) 
using data that were based on a literature search for various high-risk individuals (e.g. Peutz-
Jeghers syndrome, hereditary pancreatitis, FPC, CDKN2A-p16-Leiden and new-onset diabetes 
> age 50 with weight loss or smoking) (10). MRI screening was affordable for HRI individuals, 
although the authors also stated that the substantial costs of screening for asymptomatic 
individuals influence compliance because some or all of the costs of screening are not 
covered by healthcare systems in the United States (in contrast to the Dutch healthcare 
system). A third study from Denmark reported the outcome of surveillance in a cohort of 
individuals with FPC and hereditary pancreatitis (HP) and calculated the related costs of 
surveillance (11). They concluded that surveillance was most cost-effective in patients with 
FPC. The most recent study used a Markov model and compared various strategies including 
no surveillance, surveillance using MRI and surveillance using EUS (12). This study found that 
MRI surveillance was most cost-effective for individuals with a moderately increased risk of 
PDAC and surveillance based on EUS was the most cost-effective strategy for individuals with 
a more than 20-fold increased risk. 

In the current study, the cost-effectiveness of annual surveillance was estimated at 14,000 
euro per QALY, an estimate that is likely to be acceptable in most countries. We observed 
that several variables in particular influenced our study results. One important factor was the 
elevated genetic risk of our patient cohort, as CDKN2A-p16-Leiden-mutation carriers show a 
model-estimated lifetime PDAC risk of 37.6%. We estimated that surveillance could be cost-
effective for populations with a lifetime risk of at least 10%. This figure matches earlier 
studies using hypothetical simulation models which suggested that pancreas screening is 
ineffective in the general population but effective in patients with a substantial risk 
(26,30,31). Screening of low-risk individuals was associated with a reduced life expectancy, 
an outcome attributed to the increased discovery of insignificant lesions and subsequent 
unnecessary surgical intervention. As an international consortium of experts currently 
recommends pancreatic surveillance for HRIs with an estimated lifetime risk of PDAC of >5% 
(32), more studies are needed to assess the cost-effectiveness of surveillance of individuals 
with a relatively low risk (i.e., <10%). 

The other key factor in cost-effectiveness was the ability of the surveillance program to 
detect PDAC at an earlier stage, which resulted in a considerable increase in patients with 
resected PDAC (from 15% to 71.0%). Furthermore, a substantial proportion (47.1%, p<0.001) 
of these patients show long-term cure. Without this observed cure, it would be difficult to 
exclude the possibility that improved survival due to surveillance was simply due to lead time 
bias (whereby improved survival after diagnosis is due to earlier diagnosis rather than longer 
survival). Under the current surveillance program an estimated 33.5% of diagnosed patients 
are considered cured, which is enough for the program to be cost-effective. Nevertheless, a 
few patients developed an advanced cancer within the recommended annual surveillance 
interval of the current program (4). Shorter intervals might therefore be considered in 

 

 

individuals with additional risk factors for development of PDAC (e.g., smoking, strong family 
history for PDAC). The sensitivity analysis indicated that bi-annual surveillance could be cost-
effective, if it further improved the probability of cure after surgery. 

Our study had both strengths and limitations. All previous cost-effectiveness studies, except 
the study from Denmark, were based on hypothetical models. An advantage of the current 
study is that we used real data from our 347 participants with a CDKN2A-p16-Leiden-
mutation collected over two decades. A limitation of our study is that the conclusions may 
not be representative for patients at risk for PDAC in other contexts (e.g. chronic 
pancreatitis). Similarly, we used costs specific to the Dutch healthcare system, which may not 
be representative of other countries. A second limitation is that for ethical reasons there was 
no control group of patients not under surveillance. Data on natural history were therefore 
derived from historical controls with symptomatic PDAC known at the Dutch FAMMM 
registry (18). And thirdly, several simplifying assumptions needed to be made for which 
limited or no evidence was available, including assumptions on utilities, lead times and other 
risks in this population. In particular, we assumed that neither surveillance nor a new PDAC 
occurs beyond the age of 75, as we have not observed a case in our cohort. However, we 
note that the incidence rate increases with age and therefore suggests that longer follow-up 
is needed to assess the cost-effectiveness of surveillance at older ages. 

In conclusion, this study demonstrated that screening for PDAC is cost-effective for CDKN2A-
p16-Leiden-mutation carriers. In most patients a screen-detected PDAC could be resected 
and these patients subsequently benefited from considerably better survival. 

  



5

Cost-effectiveness of pancreas surveillance: the CDKN2A-p16-Leiden cohort   |   61    

 

mutations associated with PDAC development), the screening strategies (once in a lifetime, 
annual or bi-annual screening) and screening methods (EUS or MRI/MRCP) varied widely 
between the studies. One study also constructed a decision tree model for a hypothetical 
familial pancreatic cancer (FPC) population that underwent one-time screening using EUS (9). 
The investigators concluded that for screening to be cost-effective the probability of 
dysplasia needs to be sufficiently high and the screening method must be sufficiently 
sensitive. Another study developed a screening protocol that consisted of a bi-yearly MRI (10) 
using data that were based on a literature search for various high-risk individuals (e.g. Peutz-
Jeghers syndrome, hereditary pancreatitis, FPC, CDKN2A-p16-Leiden and new-onset diabetes 
> age 50 with weight loss or smoking) (10). MRI screening was affordable for HRI individuals, 
although the authors also stated that the substantial costs of screening for asymptomatic 
individuals influence compliance because some or all of the costs of screening are not 
covered by healthcare systems in the United States (in contrast to the Dutch healthcare 
system). A third study from Denmark reported the outcome of surveillance in a cohort of 
individuals with FPC and hereditary pancreatitis (HP) and calculated the related costs of 
surveillance (11). They concluded that surveillance was most cost-effective in patients with 
FPC. The most recent study used a Markov model and compared various strategies including 
no surveillance, surveillance using MRI and surveillance using EUS (12). This study found that 
MRI surveillance was most cost-effective for individuals with a moderately increased risk of 
PDAC and surveillance based on EUS was the most cost-effective strategy for individuals with 
a more than 20-fold increased risk. 

In the current study, the cost-effectiveness of annual surveillance was estimated at 14,000 
euro per QALY, an estimate that is likely to be acceptable in most countries. We observed 
that several variables in particular influenced our study results. One important factor was the 
elevated genetic risk of our patient cohort, as CDKN2A-p16-Leiden-mutation carriers show a 
model-estimated lifetime PDAC risk of 37.6%. We estimated that surveillance could be cost-
effective for populations with a lifetime risk of at least 10%. This figure matches earlier 
studies using hypothetical simulation models which suggested that pancreas screening is 
ineffective in the general population but effective in patients with a substantial risk 
(26,30,31). Screening of low-risk individuals was associated with a reduced life expectancy, 
an outcome attributed to the increased discovery of insignificant lesions and subsequent 
unnecessary surgical intervention. As an international consortium of experts currently 
recommends pancreatic surveillance for HRIs with an estimated lifetime risk of PDAC of >5% 
(32), more studies are needed to assess the cost-effectiveness of surveillance of individuals 
with a relatively low risk (i.e., <10%). 

The other key factor in cost-effectiveness was the ability of the surveillance program to 
detect PDAC at an earlier stage, which resulted in a considerable increase in patients with 
resected PDAC (from 15% to 71.0%). Furthermore, a substantial proportion (47.1%, p<0.001) 
of these patients show long-term cure. Without this observed cure, it would be difficult to 
exclude the possibility that improved survival due to surveillance was simply due to lead time 
bias (whereby improved survival after diagnosis is due to earlier diagnosis rather than longer 
survival). Under the current surveillance program an estimated 33.5% of diagnosed patients 
are considered cured, which is enough for the program to be cost-effective. Nevertheless, a 
few patients developed an advanced cancer within the recommended annual surveillance 
interval of the current program (4). Shorter intervals might therefore be considered in 

 

 

individuals with additional risk factors for development of PDAC (e.g., smoking, strong family 
history for PDAC). The sensitivity analysis indicated that bi-annual surveillance could be cost-
effective, if it further improved the probability of cure after surgery. 

Our study had both strengths and limitations. All previous cost-effectiveness studies, except 
the study from Denmark, were based on hypothetical models. An advantage of the current 
study is that we used real data from our 347 participants with a CDKN2A-p16-Leiden-
mutation collected over two decades. A limitation of our study is that the conclusions may 
not be representative for patients at risk for PDAC in other contexts (e.g. chronic 
pancreatitis). Similarly, we used costs specific to the Dutch healthcare system, which may not 
be representative of other countries. A second limitation is that for ethical reasons there was 
no control group of patients not under surveillance. Data on natural history were therefore 
derived from historical controls with symptomatic PDAC known at the Dutch FAMMM 
registry (18). And thirdly, several simplifying assumptions needed to be made for which 
limited or no evidence was available, including assumptions on utilities, lead times and other 
risks in this population. In particular, we assumed that neither surveillance nor a new PDAC 
occurs beyond the age of 75, as we have not observed a case in our cohort. However, we 
note that the incidence rate increases with age and therefore suggests that longer follow-up 
is needed to assess the cost-effectiveness of surveillance at older ages. 

In conclusion, this study demonstrated that screening for PDAC is cost-effective for CDKN2A-
p16-Leiden-mutation carriers. In most patients a screen-detected PDAC could be resected 
and these patients subsequently benefited from considerably better survival. 

  



62   |   Chapter 5 

 

RReeffeerreenncceess  
  
1. Howlader N NA, Krapcho M, et al. . SEER Cancer Statistics Review (CSR) 1975-2014 Bethesda: 

National Cancer Institute; Updated April 2, 2018 [2016. Available from: 
https://seer.cancer.gov/csr/1975_2014/. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68(1):7-30. 
3. Shindo K, Yu J, Suenaga M, Fesharakizadeh S, Cho C, Macgregor-Das A, et al. Deleterious 

Germline Mutations in Patients With Apparently Sporadic Pancreatic Adenocarcinoma. J Clin 
Oncol. 2017:JCO2017723502. 

4.  Klatte DCF, Boekestijn B, Wasser MNJM, Feshtali Shahbazi S, Ibrahim IS, Mieog JSD, et al. 
Pancreatic Cancer Surveillance in Carriers of a Germline CDKN2A Pathogenic Variant: Yield and 
Outcomes of a 20-Year Prospective Follow-Up. J Clin Oncol. 2022;40(28):3267-77. 

5. Lu C, Xu CF, Wan XY, Zhu HT, Yu CH, Li YM. Screening for pancreatic cancer in familial high-risk 
individuals: A systematic review. World J Gastroenterol. 2015;21(28):8678-86. 

6. Paiella S, Salvia R, De Pastena M, Pollini T, Casetti L, Landoni L, et al. Screening/surveillance 
programs for pancreatic cancer in familial high-risk individuals: A systematic review and 
proportion meta-analysis of screening results. Pancreatology. 2018;18(4):420-8. 

7. Corral JE, Mareth KF, Riegert-Johnson DL, Das A, Wallace MB. Diagnostic Yield From Screening 
Asymptomatic Individuals at High Risk for Pancreatic Cancer: A Meta-analysis of Cohort Studies. 
Clin Gastroenterol Hepatol. 2019;17(1):41-53. 

8. Canto MI, Almario JA, Schulick RD, Yeo CJ, Klein A, Blackford A, et al. Risk of Neoplastic 
Progression in Individuals at High Risk for Pancreatic Cancer Undergoing Long-term Surveillance. 
Gastroenterology. 2018;155(3):740-51 e2. 

9. Rulyak SJ, Kimmey MB, Veenstra DL, Brentnall TA. Cost-effectiveness of pancreatic cancer 
screening in familial pancreatic cancer kindreds. Gastrointest Endosc. 2003;57(1):23-9. 

10. Bruenderman E, Martin RC, 2nd. A cost analysis of a pancreatic cancer screening protocol in 
high-risk populations. Am J Surg. 2015;210(3):409-16. 

11. Joergensen MT, Gerdes AM, Sorensen J, Schaffalitzky de Muckadell O, Mortensen MB. Is 
screening for pancreatic cancer in high-risk groups cost-effective? - Experience from a Danish 
national screening program. Pancreatology. 2016;16(4):584-92. 

12. Corral JE, Das A, Bruno MJ, Wallace MB. Cost-effectiveness of Pancreatic Cancer Surveillance in 
High-Risk Individuals: An Economic Analysis. Pancreas. 2019. 

13. Lambert PC. Modeling of the cure fraction in survival studies. The Stata Journal. 2007;7(3):351-
75. 

14. Vasen H, Ibrahim I, Ponce CG, Slater EP, Matthai E, Carrato A, et al. Benefit of Surveillance for 
Pancreatic Cancer in High-Risk Individuals: Outcome of Long-Term Prospective Follow-Up Studies 
From Three European Expert Centers. J Clin Oncol. 2016;34(17):2010-9. 

15. Law AM, Kelton WD. Simulation Modeling and Analysis. New York: McGraw-Hill; 2000. 
16. van den Hout WB. The GAME estimate of reduced life expectancy. Med Decis Making. 

2004;24(1):80-8. 
17. Netherlands S. Life expectancy at birth and mortality Statline [Available from: 

https://opendata.cbs.nl/statline/#/CBS/en/. 
18. Vasen HF, Wasser M, van Mil A, Tollenaar RA, Konstantinovski M, Gruis NA, et al. Magnetic 

resonance imaging surveillance detects early-stage pancreatic cancer in carriers of a p16-Leiden 
mutation. Gastroenterology. 2011;140(3):850-6. 

19. Versteegh MM VK, Evers SMAA, de Wit GA, Prenger R, Stolk EA. Dutch Tariff for the Five-Level 
Version of EQ-5D. Value Health. 2016;19(4):343-52. 

 

 

20. Hagiwara Y, Ohashi Y, Okusaka T, Ueno H, Ioka T, Boku N, et al. Health-related quality of life in a 
randomised phase III study of gemcitabine plus S-1, S-1 alone and gemcitabine alone for locally 
advanced or metastatic pancreatic cancer: GEST study. ESMO Open. 2017;2(1):e000151. 

21. Picozzi V, Narayanan S, Henry Hu X, Vacirca J. Health-Related Quality of Life in Patients with 
Metastatic Pancreatic Cancer. J Gastrointest Cancer. 2017;48(1):103-9. 

22. Naik H, Howell D, Su S, Qiu X, Brown MC, Vennettilli A, et al. EQ-5D Health Utility Scores: Data 
from a Comprehensive Canadian Cancer Centre. Patient. 2017;10(1):105-15. 

23. Pavel M, Unger N, Borbath I, Ricci S, Hwang TL, Brechenmacher T, et al. Safety and QOL in 
Patients with Advanced NET in a Phase 3b Expanded Access Study of Everolimus. Target Oncol. 
2016;11(5):667-75. 

24. Pickard AS, Jiang R, Lin HW, Rosenbloom S, Cella D. Using Patient-reported Outcomes to 
Compare Relative Burden of Cancer: EQ-5D and Functional Assessment of Cancer Therapy-
General in Eleven Types of Cancer. Clin Ther. 2016;38(4):769-77. 

25. Tam VC, Ko YJ, Mittmann N, Cheung MC, Kumar K, Hassan S, et al. Cost-effectiveness of systemic 
therapies for metastatic pancreatic cancer. Curr Oncol. 2013;20(2):e90-e106. 

26. Hakkaart-van Roijen L vdLN, Bouwmans CAM, et al. Costing manual: Methodology of costing 
research and reference prices for economic evaluations in healthcare. Diemen, the Netherlands: 
Zorginstituut Nederland; 2015. 

27. Zwaap J, Knies S, Van der Meijden C, Staal P, van der Heiden L. Cost-effectiveness in practice 
Diemen: Zorginstituut Nederland; 2015. 

28. Vasen HF, Gruis NA, Frants RR, van Der Velden PA, Hille ET, Bergman W. Risk of developing 
pancreatic cancer in families with familial atypical multiple mole melanoma associated with a 
specific 19 deletion of p16 (p16-Leiden). Int J Cancer. 2000;87(6):809-11. 

29. de Snoo FA, Bishop DT, Bergman W, van Leeuwen I, van der Drift C, van Nieuwpoort FA, et al. 
Increased risk of cancer other than melanoma in CDKN2A founder mutation (p16-Leiden)-
positive melanoma families. Clin Cancer Res. 2008;14(21):7151-7. 

30. Pandharipande PV, Heberle C, Dowling EC, Kong CY, Tramontano A, Perzan KE, et al. Targeted 
screening of individuals at high risk for pancreatic cancer: results of a simulation model. 
Radiology. 2015;275(1):177-87. 

31.  Pandharipande PV, Jeon A, Heberle CR, Dowling EC, Kong CY, Chung DC, et al. Screening for 
Pancreatic Adenocarcinoma in BRCA2 Mutation Carriers: Results of a Disease Simulation Model. 
EBioMedicine. 2015;2(12):1980-6. 

32.  Canto MI, Harinck F, Hruban RH, Offerhaus GJ, Poley JW, Kamel I, et al. International Cancer of 
the Pancreas Screening (CAPS) Consortium summit on the management of patients with 
increased risk for familial pancreatic cancer. Gut. 2013;62(3):339-47. 

 

 

 

 

 

 

 

 
 
 



5

Cost-effectiveness of pancreas surveillance: the CDKN2A-p16-Leiden cohort   |   63    

 

RReeffeerreenncceess  
  
1. Howlader N NA, Krapcho M, et al. . SEER Cancer Statistics Review (CSR) 1975-2014 Bethesda: 

National Cancer Institute; Updated April 2, 2018 [2016. Available from: 
https://seer.cancer.gov/csr/1975_2014/. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68(1):7-30. 
3. Shindo K, Yu J, Suenaga M, Fesharakizadeh S, Cho C, Macgregor-Das A, et al. Deleterious 

Germline Mutations in Patients With Apparently Sporadic Pancreatic Adenocarcinoma. J Clin 
Oncol. 2017:JCO2017723502. 

4.  Klatte DCF, Boekestijn B, Wasser MNJM, Feshtali Shahbazi S, Ibrahim IS, Mieog JSD, et al. 
Pancreatic Cancer Surveillance in Carriers of a Germline CDKN2A Pathogenic Variant: Yield and 
Outcomes of a 20-Year Prospective Follow-Up. J Clin Oncol. 2022;40(28):3267-77. 

5. Lu C, Xu CF, Wan XY, Zhu HT, Yu CH, Li YM. Screening for pancreatic cancer in familial high-risk 
individuals: A systematic review. World J Gastroenterol. 2015;21(28):8678-86. 

6. Paiella S, Salvia R, De Pastena M, Pollini T, Casetti L, Landoni L, et al. Screening/surveillance 
programs for pancreatic cancer in familial high-risk individuals: A systematic review and 
proportion meta-analysis of screening results. Pancreatology. 2018;18(4):420-8. 

7. Corral JE, Mareth KF, Riegert-Johnson DL, Das A, Wallace MB. Diagnostic Yield From Screening 
Asymptomatic Individuals at High Risk for Pancreatic Cancer: A Meta-analysis of Cohort Studies. 
Clin Gastroenterol Hepatol. 2019;17(1):41-53. 

8. Canto MI, Almario JA, Schulick RD, Yeo CJ, Klein A, Blackford A, et al. Risk of Neoplastic 
Progression in Individuals at High Risk for Pancreatic Cancer Undergoing Long-term Surveillance. 
Gastroenterology. 2018;155(3):740-51 e2. 

9. Rulyak SJ, Kimmey MB, Veenstra DL, Brentnall TA. Cost-effectiveness of pancreatic cancer 
screening in familial pancreatic cancer kindreds. Gastrointest Endosc. 2003;57(1):23-9. 

10. Bruenderman E, Martin RC, 2nd. A cost analysis of a pancreatic cancer screening protocol in 
high-risk populations. Am J Surg. 2015;210(3):409-16. 

11. Joergensen MT, Gerdes AM, Sorensen J, Schaffalitzky de Muckadell O, Mortensen MB. Is 
screening for pancreatic cancer in high-risk groups cost-effective? - Experience from a Danish 
national screening program. Pancreatology. 2016;16(4):584-92. 

12. Corral JE, Das A, Bruno MJ, Wallace MB. Cost-effectiveness of Pancreatic Cancer Surveillance in 
High-Risk Individuals: An Economic Analysis. Pancreas. 2019. 

13. Lambert PC. Modeling of the cure fraction in survival studies. The Stata Journal. 2007;7(3):351-
75. 

14. Vasen H, Ibrahim I, Ponce CG, Slater EP, Matthai E, Carrato A, et al. Benefit of Surveillance for 
Pancreatic Cancer in High-Risk Individuals: Outcome of Long-Term Prospective Follow-Up Studies 
From Three European Expert Centers. J Clin Oncol. 2016;34(17):2010-9. 

15. Law AM, Kelton WD. Simulation Modeling and Analysis. New York: McGraw-Hill; 2000. 
16. van den Hout WB. The GAME estimate of reduced life expectancy. Med Decis Making. 

2004;24(1):80-8. 
17. Netherlands S. Life expectancy at birth and mortality Statline [Available from: 

https://opendata.cbs.nl/statline/#/CBS/en/. 
18. Vasen HF, Wasser M, van Mil A, Tollenaar RA, Konstantinovski M, Gruis NA, et al. Magnetic 

resonance imaging surveillance detects early-stage pancreatic cancer in carriers of a p16-Leiden 
mutation. Gastroenterology. 2011;140(3):850-6. 

19. Versteegh MM VK, Evers SMAA, de Wit GA, Prenger R, Stolk EA. Dutch Tariff for the Five-Level 
Version of EQ-5D. Value Health. 2016;19(4):343-52. 

 

 

20. Hagiwara Y, Ohashi Y, Okusaka T, Ueno H, Ioka T, Boku N, et al. Health-related quality of life in a 
randomised phase III study of gemcitabine plus S-1, S-1 alone and gemcitabine alone for locally 
advanced or metastatic pancreatic cancer: GEST study. ESMO Open. 2017;2(1):e000151. 

21. Picozzi V, Narayanan S, Henry Hu X, Vacirca J. Health-Related Quality of Life in Patients with 
Metastatic Pancreatic Cancer. J Gastrointest Cancer. 2017;48(1):103-9. 

22. Naik H, Howell D, Su S, Qiu X, Brown MC, Vennettilli A, et al. EQ-5D Health Utility Scores: Data 
from a Comprehensive Canadian Cancer Centre. Patient. 2017;10(1):105-15. 

23. Pavel M, Unger N, Borbath I, Ricci S, Hwang TL, Brechenmacher T, et al. Safety and QOL in 
Patients with Advanced NET in a Phase 3b Expanded Access Study of Everolimus. Target Oncol. 
2016;11(5):667-75. 

24. Pickard AS, Jiang R, Lin HW, Rosenbloom S, Cella D. Using Patient-reported Outcomes to 
Compare Relative Burden of Cancer: EQ-5D and Functional Assessment of Cancer Therapy-
General in Eleven Types of Cancer. Clin Ther. 2016;38(4):769-77. 

25. Tam VC, Ko YJ, Mittmann N, Cheung MC, Kumar K, Hassan S, et al. Cost-effectiveness of systemic 
therapies for metastatic pancreatic cancer. Curr Oncol. 2013;20(2):e90-e106. 

26. Hakkaart-van Roijen L vdLN, Bouwmans CAM, et al. Costing manual: Methodology of costing 
research and reference prices for economic evaluations in healthcare. Diemen, the Netherlands: 
Zorginstituut Nederland; 2015. 

27. Zwaap J, Knies S, Van der Meijden C, Staal P, van der Heiden L. Cost-effectiveness in practice 
Diemen: Zorginstituut Nederland; 2015. 

28. Vasen HF, Gruis NA, Frants RR, van Der Velden PA, Hille ET, Bergman W. Risk of developing 
pancreatic cancer in families with familial atypical multiple mole melanoma associated with a 
specific 19 deletion of p16 (p16-Leiden). Int J Cancer. 2000;87(6):809-11. 

29. de Snoo FA, Bishop DT, Bergman W, van Leeuwen I, van der Drift C, van Nieuwpoort FA, et al. 
Increased risk of cancer other than melanoma in CDKN2A founder mutation (p16-Leiden)-
positive melanoma families. Clin Cancer Res. 2008;14(21):7151-7. 

30. Pandharipande PV, Heberle C, Dowling EC, Kong CY, Tramontano A, Perzan KE, et al. Targeted 
screening of individuals at high risk for pancreatic cancer: results of a simulation model. 
Radiology. 2015;275(1):177-87. 

31.  Pandharipande PV, Jeon A, Heberle CR, Dowling EC, Kong CY, Chung DC, et al. Screening for 
Pancreatic Adenocarcinoma in BRCA2 Mutation Carriers: Results of a Disease Simulation Model. 
EBioMedicine. 2015;2(12):1980-6. 

32.  Canto MI, Harinck F, Hruban RH, Offerhaus GJ, Poley JW, Kamel I, et al. International Cancer of 
the Pancreas Screening (CAPS) Consortium summit on the management of patients with 
increased risk for familial pancreatic cancer. Gut. 2013;62(3):339-47. 

 

 

 

 

 

 

 

 
 
 


