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Abstract

CDKN2A-p16-Leidenmutation carriers have a 20% to
25% risk of developing pancreatic ductal adenocarci-
noma (PDAC). Better understanding of the natural
course of PDAC might allow the surveillance protocol
to be improved. The aims of the study were to evaluate
the role of cystic precursor lesions in the development of
PDAC and to assess the growth rate. In 2000, a surveil-
lance program was initiated, consisting of annual MRI
in carriers of aCDKN2A-p16-Leidenmutation. The study
cohort included 204 (42% male) patients. Cystic pre-
cursor lesions were found in 52 (25%) of 204mutation
carriers. Five (9.7%) of 52 mutation carriers with cystic
lesions and 8 (7.0%) of 114 mutation carriers without

cystic lesions developed PDAC (P ¼ 0.56). Three of 6
patients with a cystic lesion of �10 mm developed
PDAC. The median size of all incident PDAC detected
between 9 and 12 months since the previous normal
MRI was 15 mm, suggesting an annual growth rate of
about 15 mm/year. In conclusion, our findings show
that patients with and without a cystic lesions have a
similar risk of PDAC. However, cystic precursor lesions
between 10 and 20 mm increase the risk of PDAC
substantially. In view of the large size of the screen-
detected tumors, a shorter interval of screening might
be recommended for all patients. Cancer Prev Res; 11(9);
551–6. �2018 AACR.

Pancreatic ductal adenocarcinoma (PDAC) is a highly
lethal form of cancer, with a 5-year survival rate of only 5%
to 7% (1). Early detection may improve the prognosis of
PDAC. Due to the overall low incidence of the disease and
the lack of easily applicable screening tools, population-
based screening for PDAC is currently not recommended.
However, surveillance of individuals with an increased risk
of PDACmight bemore valuable andhas increasingly been
implemented worldwide over the last 15 years (2–9).

It has been reported that 3% to 10% of patients with
PDAChave apositive family history for this cancer (10). An
estimated 3% to 5% of all PDAC are caused by an under-
lying gene defect (11). CDKN2A mutations together with
BRCA2-,ATM- and PALB2mutations are themost frequent
identified gene defects (12). In the Netherlands, a founder
mutation in the CDKN2A gene, a 19-base pair deletion
called p16-Leiden, is the most common cause of familial
melanoma and PDAC. The lifetime risk of PDAC in
CDKN2A-p16-Leiden mutation carriers is 20% to 25%
(7, 13).
In a recent multicenter study, we demonstrated that

annual surveillance of a large Dutch cohort of CDKN2A-
p16-Leidenmutation carriers usingMRI resulted in a higher
resection rate of screen-detected PDAC compared with
symptomatic PDAC (7). Although this study was the first
to demonstrate success in detecting early cancers in a high-
risk population (14), the surveillance program did not
prevent all cancer deaths. Thorough understanding of the
natural course of PDAC might be helpful to improve the
screening protocol.
Pancreatic intraepithelial neoplasms (PanIN) and intra-

ductal papillary mucinous neoplasms (IPMN) have been
identified as common precursor lesions of PDAC (15–17).
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Recently, we reported a lower frequency of cystic precursor
lesions in CDKN2A-p16-Leiden mutation carriers com-
pared with patients from families with familial pancreatic
cancer (FPC; ref. 18). This observation suggests that the
process of carcinogenesis inCDKN2A-p16-Leidenmutation
carriers might be different from that in FPC. To further
understand this issue, we needed to determine whether
cystic precursor lesions increase in size over time and
develop into PDAC. If cystic lesions indeed play a role in
carcinogenesis in this high-risk group, surveillance would
be better targeted to patients with cystic precursor lesions.
Finally, information on the growth rate of PDACmight be
helpful in decision making regarding appropriate screen-
ing intervals.
The main aims of the present study are, therefore, (1) to

evaluate the role of precursor lesions in the development of
PDAC in CDKN2A-p16-Leidenmutation carriers and (2) to
assess the size of screen-detected PDAC in relation to the
screening interval.

Patients and Methods
Prospective surveillance cohort
In 2000, a surveillance program was initiated in

CDKN2Amutation carriers (n ¼ 204), including 201 with
a CDKN2A-p16-Leiden founder mutation and 3 with a
pathogenic CDKN2A variant. The median follow-up is
5.0 years (0.2–15.6 years). The program consists of annual
MRI and, optionally, endoscopic ultrasound (EUS) at 6
months. In case of a highly suspicious lesion, additional
EUS and CT-scanning is performed within 2 to 3 weeks. If
there is little suspicion of malignancy, the MRI is repeated
within 3 to 6 months. A detailed description of the sur-
veillance protocol has been published previously (7, 8).
The study was approved by the Institutional Review Board
of the LeidenUniversityMedical Centre (P00.107). Oral or
written informed consent was received from all patients.

MRI techniques
MRI examinations were performed on a 1.5-T between

2000 and 2012 and since 2012 a 3T scanner (Philips). The
examinations included T2-weighted images, (3D) MRCP
series, and dynamic series before and after intravenous
administration of contrast (Dotarem).

Data collection
Patients were selected for the study on the basis of a

proven CDKN2A mutation. We re-evaluated the most
recentMRI examination for all study participants. If a cystic
lesion was detected, all previous MRI examinations were
re-evaluated to assess whether the cystic lesion was already
present at any earlier time point. The size of the cyst on all
examinations was recorded. In a few cases with cystic
lesions, the initial MRI examinations could not be re-
evaluated due to insufficient resolution. If these cystic
lesions were stable over many years but could not be

detected on the first "old" suboptimal quality MRI exam-
inations, we considered these lesions as "probably preva-
lent" cystic lesions. Data were collected on the type of
lesions (cysts or IPMN), type of IPMN (side branch, main
branch, ormixed IPMN), size, location, andmultiplicity of
the lesions. Side-branch IPMN was suspected if there was
communication of the cystic lesion with the main duct.
Main duct IPMN was defined as diffuse or segmental
dilatation of the main pancreatic duct of >10 mm
without any significant lesion except for IPMN (19). Pro-
gression of cysts or IPMN was defined as an increase in
diameter of �3 mm or the development of PDAC. All
studies were read on a digital PACS-workstation by a
single abdominal radiologist (M.N. Wasser) with more
than 20 years of MRI-reading experience.

Screen-detected PDAC
The collected data for all screen-detected PDAC included

the size at diagnosis and the interval since the previous
MRI. The size was based onmeasurements of the tumor in
the surgical specimen or measurements of the diameter of
the tumor on imaging. Previous MRI examinations were
evaluated to assess whether cystic lesions were visible in
retrospect, as well as the increase in diameter of these
lesions over time. In addition, we evaluated the relation
between the size of the PDAC at diagnosis and the surveil-
lance interval.

Statistical analysis
The observation time was from the first until the last

MRI performed before January 1, 2017. The Pearson x2

test and Student t test were used to compare variables
between groups. The tests were considered statistically
significant if P < 0.05. Data analysis was carried out in
SPSS v. 22 for MAC.

Results
The study cohort included 204patients (42%male)with

a CDKN2A-mutation (mean age, 52 years; SD 8.0). A total
of 11 patients (5.4%) were lost to follow-up. Of the 204
mutation carriers, 52 (25%)were found tohave at least one
prevalent cystic lesion including 2 patients with a prevalent
PDAC. The total number of prevalent cysts was 98, 71
(72%)ofwhichwere suspected side-branch IPMN.Median
cyst size was 3mm(range, 2–19mm), and 87 (89%) of the
98 cysts were smaller than 10 mm.
A total of 166 of the 204 patients in the study group had

at least 2 MRIs. Fifty-two patients (31%) were found to
have at least 1 prevalent or incident cystic lesion. The
median follow-up of all patients with >2 MRIs from the
first to the most recent MRI was 5.0 years (range, 0.2–15.6
years). Growth (3 mm or more) of a cystic lesion was
observed in 7 (13.4%) of the 52 patients with prevalent or
incident cysts. Six of the 52 patients had at least 1 cystic
lesion of 10 mm or more, 3 of which developed PDAC.
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Five of all 52 (9.6%) patients with an incident or prev-
alent cystic lesion developed a PDAC after a mean follow-
upof 6.5 years (SD4.2). Threeof these cancers developed at
the site of the cyst (Table 1). Eight (7.0%) of the 114
patients with at least 2 MRIs and without a prevalent or
incident cystic lesion developed PDAC (P ¼ 0.56) after a
median follow-up of 5.4 years (range, 0.5–15.6 years). The
characteristics of the patients with and without cystic
precursor lesions are shown in Table 2.
A total of 18 PDACs (7 males) were detected by the

surveillance program in the 204 mutation carriers. One
patient was excluded because the diameter of the tumor
could not be determined. The mean age at diagnosis was
57.8 years (SD 8.9). Five (29%) of the cancers were
detected at first screening and 12 (71%) during follow-up.
The median follow-up of the 12 incident PDAC since the
previous normal MRI was 12 months (range, 5–28
months). The size of the screen-detected PDAC in relation
to the interval since the previous normal MRI is shown
in Fig. 1. The median size of all screen-detected incident
PDAC was 17 mm (range, 9–39 mm). The median size of
the PDACsdetectedbetween9 and12months since the last
normal MRI was 15 mm (range, 9–39 mm).

Discussion
To investigate the role of cystic precursor lesions in the

development of PDAC in high-risk individuals, we evalu-
ated the outcome of MRI-based surveillance in a large
cohort of CDKN2A-p16-Leiden mutation carriers. Cystic
lesions were found in a quarter of all mutation carriers.

Although most cystic lesions remained stable over time,
3 of 6 patients with at least 1 cystic lesion between 10 and
20 mm developed PDAC. Considering the entire group of
mutation carriers, 5 patients with a cystic lesion (9.6%)
developed PDAC and a similar proportion (7.0%) devel-
oped PDAC in the absence of cysts. The median size
of all incident screen-detected PDAC was 17 mm (range,
9–39 mm).
It is generally accepted that PDAC originates from neo-

plastic epithelial proliferation, including PanIN lesions
and IPMNs. The cystic lesions detected by imaging may
represent such lesions (7, 18, 20). The prevalence of cystic
lesions in our cohort appears to be comparable with
frequencies reported in the general population (0.7%
to 44.7%; refs. 21–26).
In the present study, 5 (9.6%) of the 52 CDKN2A-P16-

Leiden mutation carriers with cystic lesions developed
PDAC. This is higher than reported in population studies
that examined the malignancy rate of cystic lesions
(27, 28). However, we also found that the malignancy
rate (7.0%) inmutation carriers without a cystic lesionwas
similar to the rate in the mutation carriers with cystic
lesions. Moreover, two out of five mutation carriers with
cystic lesions developedPDACat a site other than the site of
the cysts. On the other hand, 3 of 6 patients with a cystic
lesion between 10 and 20 mm developed PDAC at the site
of the cyst.
In order to investigate further possibilities for improve-

ment of the surveillance program, we evaluated the size of
screen-detected PDACs in relation to the screening interval.
Themedian size of PDACdetected 9 to 12months since the

Table 1. Characteristics of patients with incident PDAC detected in the patients with cystic lesions

Patient number/sex
(M/F)

Age at diagnosis
(years)

Interval since previous
MRI (months)

Size of cystic lesions
at previous MRI Site and size of PDAC TNM staging

1. F 72 11 Head 13 mm Head T4N1M0
Body 7, 8 mm 22 mm
Tail 2,2,3 mm

2. F 67 21 Head 6 mm Head TxNxM0
Uncinate 13 mm Diameter unknown Irresectable tumor
Body 19 mm
Tail 14 mm

3. F 64 2 Head 17 mma Head/uncinate process T2N3M1
29 mm

4. F 67 11 Tail 8 mm Head T1N1M0
13 mm

5. F 51 4.5 Head 3,3,3,3 mm Body T1N0M0
Tail 3 mm 18 mm

a12months after the normal previousMRI, a new cystic lesion of 17mmwas found; subsequent imaging 2months later showed a tumorwhichwas retrospectively also
present at the previous MRI.

Table 2. Characteristics of patients with and without cystic lesions

With cystic lesions Without cystic lesions P value

Number of patients 52 114
Sex distribution (M/F; male %) 18/34 (M 35%) 45/69 (M 39%) 0.55
Mean age first MRI (years) 52.6 (SD 7.2) 51.5 (SD 7.8) 0.36
Mean/median follow-up time since first MRI (years) 6.5 (SD 4.2) 5.4 (0.5–15.6) 0.08
Median follow-up time since diagnosis of cystic lesion (years) 4.3 (0.2–13) n.a. n.a.
Number of PDAC 5 (9.6%) 8 (7%) 0.56

Abbreviation: n.a., not applicable.

The Outcome of a 17-Year Cohort Study
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previous normal MRI was 15mm, indicating a growth rate
of about 15 mm per year.
What are the explanations for our findings? In previous

studies, we reported that cystic precursor lesions were less
common in carriers of a CDKN2A-p16-Leiden mutation
compared with individuals with FPC (7, 18). In contrast,
the risk of PDACwasmuch higher inCDKN2A-p16-Leiden
mutation carriers compared with FPC individuals. These
findings suggest that cystic precursor lesions play a minor
role in the development of PDAC in CDKN2A-p16-Leiden
mutation carriers. The similar risk of PDAC observed in
patients with and without cystic precursor lesions in the
current study is in agreement with this hypothesis.
The development from PanIN grade 1 into PanIN grades

2 and 3, and ultimately PDAC is characterized by accu-
mulation of mutations in genes associated with the devel-
opment of PDAC including alterations of K-RAS,
CDKN2A/P16, TP53, and DPC4 genes. Because the
patients in our cohort have already such a (germline)
mutation at birth, carcinogenesis and development of
PDAC may be accelerated. Such accelerated development
of PDAC arising from early (invisible) PanIN lesions may
explain the similar risk of PDAC observed in the current
study in patients with andwithout cystic precursor lesions.
It may also explain the early age of diagnosis of screen-
detected PDAC (56 years vs. 66 years reported for sporadic
PDAC) and the high growth rate. More studies are needed
to confirm this hypothesis.
The current study has several strengths. Firstly, two

particularly robust aspects of the studywere theprospective
design and the long duration of follow-up. Secondly, the
study group is the largest homogeneous group of carriers
under surveillance, with almost all carrying aDutch found-
er mutation. A limitation of the study is that the quality of
theMRI technique changedover timewith the replacement
of a 1.5 T system by a 3.0 T system in 2012. A second
limitation is that as the current study predominantly
included individualswith a singleDutch foundermutation
in CDKN2A, it may not be generalizable to other indivi-
duals with hereditary pancreatic cancer.

What are the consequences of our findings for clinical
practice? In average risk subjects with cystic lesions
suspected for BD-IPMNs, resection is considered if the
patient has symptoms attributable to the cyst(s), if the
cysts are >3 cm in size, or if the cysts contain mural
nodules (17). At the meeting of the International Cancer
of the Pancreas Screening Consortium (29), there was
no consensus on the size criterion for resection of cystic
lesions in high-risk individuals, but the majority agreed
that surgery should be considered for suspected
BD-IPMNs which were �2 cm. Although larger studies
are needed to confirm our findings, a more aggressive
approach in this specific group of mutation carriers
appears to be justified by our results. In patients with
a CDKN2A-p16-Leiden mutation with cystic lesions
between 10 and 20 mm, the screening interval might
be shortened to 6 to 9 months or additional EUS
might be performed. If cystic lesions show worrisome
features, surgery is recommended. In view of the
substantial size of PDACs detected at 1-year intervals,
shorter screening intervals might be recommended for
all patients, if further studies show this approach to be
cost-effective. Future studies should also address
whether the known risk factors for PDAC such as smok-
ing, body mass index, and a positive family history for
PDAC are associated with an increased risk in high-risk
groups. In a recent analysis of risk factors in our cohort
of CDKN2A-p16 mutation carriers, we found that
smoking and a positive family history for PDAC were
associated with an increased risk of PDAC, although the
association was not statistically significant due to a lack
of power.
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