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A B S T R A C T

Background: Surveillance of individuals with a familial predisposition to pancreatic ductal adenocarcinoma 
(PDAC) is likely to increase overall survival. Our objective was to determine the impact of EUROPAC risk- 
stratification (Family Risk, FR), in such predisposed individuals.
Methods: Observational study of registered asymptomatic individuals undergoing surveillance for PDAC. In
dividuals without a known pathogenic variant (PV-), ineligible for genetic assessment in the NHS, in whom 
significant pancreatic lesions were found, were subjected to additional germline testing.
Results: Between January 2000 and April 2025, 893 individuals started surveillance, median age of 52 years. 508 
individuals (404 PV- and 104 with a pathogenic variant (PV+)) in the 20 years prior to 2020 without stratifi
cation were compared to 385 (269 PV- and 116 PV+) in the five years from 2020 who had FR risk-stratification 
applied. Four (0⋅8 %) individuals had actionable pancreatic findings prior to risk stratification vs. 14 (3⋅6 %), 
who underwent risk-stratified surveillance (p = 0⋅001). Pancreatic lesions deemed operable were found in three 
(0⋅6 %) and 11 (3 %), p = 0⋅007, with two (0⋅4 %) and nine (2 %) undergoing resection, p = 0⋅009, respectively. 
PV- individuals with significant findings were subsequently found to contain mutations, many not in the UK 
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genetics test directory, provided the FR was > 30. The median (IQR) time in surveillance prior to a lesion being 
detected was four (2 – 7) years. Overall, 78 % of EUROPAC detected precursor lesions or pancreatic cancers were 
stage II or lower.
Conclusion: The risk-stratified group (FR) identifies neoplastic pancreatic lesion in individuals, regardless of PV 
status suggesting the key usefulness of this approach.

1. Introduction

A diagnosis of pancreatic ductal adenocarcinoma (PDAC) is devas
tating. Incidence of PDAC is increasing and, with 5-year survival below 
10 % worldwide, is one of the most lethal forms of malignancy [1]. In
dividuals either with a significant family history of PDAC without an 
identified germline mutation (FPC PV-), or a family history of PDAC 
with a corresponding identified a germline pathogenic variant (FPC 
PV+), or with hereditary pancreatitis (HP) due to a pathogenic PRSS1 
variant all have an increased lifetime risk of PDAC (here on in termed 
high-risk individuals, HRIs). Targeted surveillance is recommended for 
these individuals, to detect PDAC or its precursor lesions earlier, so 
potentially curative treatment can be offered [2–5]. In the absence of 
adequate biomarkers to detect early PDAC, the UK’s National Institute 
for Health and Care Excellence (NICE) recommends that PDAC surveil
lance, in HRI’s, should involve annual assessment of the pancreas with 
imaging [6], performed as part of a research programme which monitors 
outcomes from surveillance and allows for concurrent scientific research 
within these cohorts [7].

Those individuals from familial pancreatic cancer kindreds where no 
germline genetic variant has been identified (PV-) are the most difficult 
to target surveillance towards, as determining whether such an indi
vidual will benefit from PDAC surveillance relies entirely upon family 
history. Significant family history is defined as two first-degree relatives 
with PDAC (one of whom is the first degree relative of the proband) on 
the same side of the family or a family with three or more relatives with 
PDAC on the same side of the family. Other groups have reported 
diminishing returns when PDAC surveillance is applied to such in
dividuals [8–10], but family size, kindred relationship and anticipation 
of disease are not taken into consideration in these surveillance pro
grammes [11]. This risks excluding individuals who should be in sur
veillance whose affected relatives were unable to access, or who were 
ineligible for, genetic testing, as well as those whose family history re
flects a clustering of sporadic PDAC cases. Although targeted surveil
lance is most accurate when a pathogenic variant can be traced through 
the family, genetic testing in the UK is only available to individuals who 
meet criteria set out by the National Genomics Service, so is not applied 
to all individuals affected by PDAC [12]. Consequently, guidelines for 
PDAC surveillance that are based on ubiquitous genetic testing are not 
easily applicable to countries whose healthcare systems have a selective 
approach to genetic testing. Reporting of surveillance outcomes in in
dividuals with hereditary pancreatitis, who have one of the highest 
lifetime risks for PDAC, is also lacking.

In the UK, individuals being considered for PDAC surveillance are 
assessed by registering with the European Registry of Hereditary 
Pancreatic Diseases (EUROPAC). Established in 1996, EUROPAC aims to 
enable early detection of PDAC and improve treatment for pancreatic 
diseases through prediction of disease progression [13]. EUROPAC re
mains the oldest and largest registry of its kind, with over 2900 families 
and 4000 registered individuals with FPC or HP. Since 2020, we have 
implemented a method of risk stratifying HRIs, as described by our 
group in Sheel et al (2019) [14]. The Family Risk score (FR) is based on 
their family history and likelihood of carrying a pathogenic variant or 
conditional risk beyond coincidence and determines whether they 
should be offered pancreatic cancer surveillance.

We propose that stratification by FR of those individuals from fa
milial pancreatic cancer (FPC) kindreds better targets PDAC surveillance 
towards those individuals most at risk than just number of affected 

individuals and identification of established pathogenic mutations.

2. Methods

2.1. Study design

This study (EUROPAC PRIME) is an internal UK-wide project within 
the overarching EUROPAC programme - an observational, multicentre 
cohort study across all 13 certified EUROPAC UK surveillance sites. 
These sites are supra-regional pancreatic centres serving geographic 
catchments of 2–4 million people per centre. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) guide
lines were used in reporting this study [15]. The EUROPAC patient and 
public involvement (PPI) group were involved in the protocol devel
opment and dissemination plans of this study. Ethical approval was 
granted by the Yorkshire and Humber Research Ethics Committee (Ref: 
19/YH/0250). The EUROPAC study protocol, including eligibility 
criteria, registration and surveillance protocols, is described fully in 
Boughey et al (2025) [7]. Trial Registration: ISRCTN62546421.

2.2. Risk score calculation

The risk score (RS) was calculated as below [14]: 

RS =
Number of affected individuals

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(number of individuals aged ≥ 40) + 1

√ × PC 

where RS = risk score; PC = Mendelian probability of being a carrier 
of a pathogenic variant. Family Risk (FR) = RSx100. Off kindred in
dividuals not included.

2.3. EUROPAC participants and surveillance

Prior to 2020, individuals were considered eligible for surveillance 
by consensus decision following review by the study clinical and sci
entific leads. After 2020, when Family Risk (FR) was introduced, in
dividuals with a score of 30 or more or who carried a germline mutation 
previously identified in an affected or on kindred relative were eligible 
for surveillance. FR scores were retrospectively applied to individuals 
already in surveillance, only those individuals with surveillance FR> 30 
continued surveillance. All HP and (PJS) individuals were offered sur
veillance irrespective of a family history of PDAC. Individuals usually 
begin surveillance at age 40 (10 years earlier if anticipation in the 
pedigree is present [16]), with the exception of individuals with 
Peutz-Jeghers Syndrome, who start at 20 years old [17]. Potential un
affected high-risk individuals were referred from cancer alliances, pri
mary and secondary care, clinical geneticists or self-referred via the trial 
website or the Pancreatic Cancer UK (PCUK) Family History Checker 
following its launch in 2024 [18,19].

All participants were grouped based on whether they were from fa
milial pancreatic cancer kindred with a known germline pathogenic 
variant (FPC PV+), familial pancreatic cancer kindred without a known 
germline pathogenic variant (FPC PV-), or individuals with hereditary 
pancreatitis (HP). Specifically, the FPC PV- group contains 100/673 
(15 %) who were eligible for genetic testing and in whom no PV was 
found. The remaining 573/673 (85 %) were not eligible for genetic 
testing, by UK criteria, at the time of their registration. The FPC and HP 
cohorts have been reported separately to allow for HP surveillance 
outcomes to be reported and to avoid confounding the outcomes of the 
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PV+ cohort should they have been grouped together.
For individuals with familial pancreatic cancer (FPC), irrespective of 

mutational status, baseline contrast-enhanced dual-phase computed 
tomography (CT) was performed to exclude pre-existing, undiagnosed 
PDAC. Thereafter, participants underwent annual endoscopic ultra
sound (EUS), with contrast-enhanced magnetic resonance imaging 
(MRI) performed every third year.

For individuals with hereditary pancreatitis (HP), baseline dual- 
phase contrast-enhanced CT of the pancreas was undertaken, if not 
already completed, to exclude undiagnosed PDAC. Subsequent surveil
lance was performed biennially using dual-phase contrast-enhanced CT. 
For participants who smoked, consumed alcohol, or had diabetes mel
litus, surveillance was intensified and organised into alternating “dou
blets” of contrast-enhanced MRI and CT every two years. EUS was not 
included in the HP surveillance protocol because parenchymal calcifi
cation reduces its diagnostic sensitivity.

Annual blood tests were performed in all patient groups to monitor 
HbA1c and CA19–9, and participants attended yearly clinic reviews to 
assess any changes in personal or family history.

Data on demographics, medical and family history, and results of 
surveillance investigations were obtained from electronic health records 
and from the EUROPAC registry database (Progeny pedigree database, 
version 10.6.3.0; Progeny Genetics LLC, Delray Beach, FL, USA). Gender 
and ethnicity data were self-reported. Malignant lesions were graded 
using the Union for International Cancer Control (UICC) TNM classifi
cation, with the edition used depending on the one most recent at the 
time of diagnosis. Suspected precursor lesions or PDAC for which sur
gical resection or oncological treatment was recommended after 
assessment at MDT, are collectively termed actionable findings and 
categorised depending on whether lesions were considered resectable at 
MDT but not resected, resectable and resected or not resectable. Out
comes are reported in line with the NHS Long Term Plan for cancer, 
notably the proportion of lesions diagnosed at stage II or below and 
includes all pre-malignant lesions irrespective of dysplasia grade. For 
those who have undergone neo-adjuvant chemotherapy, both the stage 
at the time of diagnosis and pathological stage have been stated.

2.4. Outcomes

In this study, we report longitudinal outcomes of PDAC surveillance 
in HRIs, comparing a non-stratified risk assessment with the novel 
EUROPAC risk stratification (FR) in a cohort of asymptomatic partici
pants under surveillance for PDAC. We also determine whether a 
germline pathogenic variant exists in a PDAC susceptibility gene in in
dividuals who develop PDAC in surveillance where one has not previ
ously been identified in the family. This is undertaken through a 
separate, but parallel research project, EUROPAC-PLUS. Next genera
tion sequencing (NGS) was undertaken using a custom panel selected 
based on known associations with germline cancer predisposition or 
overlapping gene ontology with cancer predisposition genes. We also 
report PDAC surveillance outcomes of HP participants.

2.5. Statistical analysis

Continuous variables are presented as median with IQR, comparison 
of continuous data is by Mann-Whitney U test. Nominal data are 
expressed as frequencies of counts with percentages and compared using 
Pearson χ2 or Fisher’s exact testing as appropriate. Survival analysis was 
performed using Kaplan-Meier curves. Statistical analyses were per
formed using R (version 4⋅4⋅2, R Foundation for Statistical Computing, 
Vienna, Austria) and a significance level of 5 % is used throughout.

3. Results

900 participants were considered eligible for PDAC surveillance 
following registration. Seven did not continue into surveillance due to a 

non-pancreatic malignancy found after registration, one prior to 2020 
and six post 2020 (Fig. 1), leaving 893 participants who underwent 
surveillance between 3rd Jan 2000 and 30th April 2025. 508 partici
pants, consisting of 77 FPC PV+, 404 FPC PV-, and 27 HP, started sur
veillance prior to 1st January 2020. 385 were risk stratified, consisting 
of 105 FPC PV+ , 269 FPC PV-, and 11 HP, and started surveillance on or 
after 1st January 2020 (Fig. 1). Demographics are presented in Table 1
and Figure S2.

During the COVID pandemic participants could not access EUS for 
around 12 months so underwent contrast enhanced MRI of the pancreas 
as a proxy. No unforeseen problems, delays in diagnosis or missed 
cancers were detected in this period. The prevalence of FPC detected 
cancer at baseline did not statistically change before or after risk-scoring 
(three vs one case). There was no prevalence of PDAC in the HP group. 
Prevalence cases are excluded from this study.

There were four pancreas specific findings from 508 participants 
(0⋅8 %) in the pre-2020 group compared to 14 pancreas specific findings 
from 385 participants (3⋅6 %) in the post-2020 group (p = 0⋅001) 
(Table 2). One HP patient (ID 1) in the pre-2020 group (PRSS1 p.R122H) 
was deemed unresectable due to development of portal hypertension 
and was referred for chemotherapy. For pancreatic lesions considered 
resectable, there were three (0⋅6 %) compared to 11 (3 %) respectively 
(p = 0⋅007). However, one (ID 2) from the pre-2020 group (radiologi
cally staged T1N0M0 PDAC; CDKN2A) encountered a duodenal perfo
ration at EUS and was treated conservatively, and two from the post- 
2020 group (both radiologically staged T1N0M0 PDAC, one (ID 8) 
who was unfit for surgery with a PRSS1 p.N29I PV) and one (ID 13) with 
a rib metastasis from prostate carcinoma (CDKN2A)) were not resected, 
leaving two vs. nine respectively who underwent resection (p = 0⋅009). 
Two liver metastases (one FPC PV+ (BRCA2); ID 9. and one FPC PV-; ID 
14.) were found in the risk-scored post 2020 group (Table 2).

Cystic lesions were identified throughout surveillance, however, 
apart from the three requiring resection (ID 4, 5 and 10, Table 2), all 
other cystic lesions did not demonstrate or develop worrisome or high- 
risk features and were simply monitored as part of surveillance. Of the 
surveillance detected precursor lesions/PDAC, 78 % (14/18) were stage 
II or less. The overall median survival (IQR) following diagnosis 
(accepting that five years of follow up has not yet been reached in some 
of cases) is 2⋅5 (1⋅1 – 4⋅6) years (figure S1).

Application of risk scoring enriched the post 2020 population for 
PVs, 116/385 (30 %) vs, 104/508 (20 %, p < 0⋅001). These were made 
up of 77 FPC PV+ and 27 HP before 2020 compared to 105 FPC 
PV+ and 11 HP after 2020. However, there was no difference in 
pancreas specific findings or resections between the FPC PV- and the FPC 
PV+ cohorts either before or after 2020. There was a significant dif
ference in HP patients with pancreas specific actionable findings 1/27 vs 
4/11 findings (p = 0⋅008) and pancreas resections 0/27 vs 3/11 resec
ted (p = 0⋅005) before and after 2020 respectively. The FPC PV- cohort 
had five non-pancreatic actionable findings compared to two in the FPC 
PV+ cohort. No such findings were found in the HP group.

The five FPC PV- cases with actionable and significant pancreatic 
findings post-2020 were further subjected to genetic analysis (EURO
PAC-PLUS). All were found to have variants. Patient IDs 14, 16, and 17 
were all subsequently found to have pathogenic mutations in PALB2 (FR 
42⋅9) and ATM (FR 56⋅7) and FANCA (FR 30⋅2) respectively. IDs 15 and 
18 and were found to have variants of unknown significance (but very 
likely to be implicated in their carcinogenesis), notably a FANCB (FR 
35⋅4) and a PALLD (FR 70⋅7) respectively (Fig. 2).

Figure 2 demonstrates the timelines, mutations and FR relevant to 
the individuals who were found with significant pancreatic findings; 
notably considered resectable but not resected, resectable and resected 
or not resectable. The overall median (IQR) for time in surveillance prior 
to a lesion being detected was 4 (2 – 7) years. There was no significant 
difference between the before and after 2020 groups. Although time to 
event was slightly longer at median (IQR) 7 (3 – 8) years for the FPC 
PV+ it was non-significant compared to FPC PV- and HP cohorts, at 4 (3 
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– 6) years vs 5 (2 – 5) years respectively.
The individual with liver metastases (ID 2, CDKN2A), had a retro

spective FR of 31⋅6. For the individual who had a pNET resected (ID 3), 
pre-operative cytology suggested it to be a PDAC and was retained on an 
intention to treat basis. Immunohistochemistry on the resection spec
imen revealed a pancreatic neuroendocrine tumour, for which resection 
would not have been recommended if the diagnosis was reached on 
initial cytology. The individual with the ampullary adenoma (ID 15) had 
significant comorbidities which would have precluded surgery and his 
father had been diagnosed with ampullary carcinoma. The individual 
with the duodenal polyp (ID 11, BRCA2), which was not present on his 

previous EUS, elected for endoscopic resection rather than pan
creatoduodenectomy, which was offered after MDT review and patient 
counselling in clinic. This individual has been included as his BRCA2 
mutation and family history of PDAC were taken into consideration 
when planning management.

4. Discussion

We have demonstrated that neoplastic pancreatic lesions can be 
effectively detected in individuals, when using our risk score (FR), 
regardless of whether PV status is known. We have shown that most 

Fig. 1. Cohorts and composition of individuals in surveillance before risk-stratification (pre-2020) and with risk-stratification (following 2020).

Table 1 
Demographics.

Pre-2020 Post-2020

FPC PVþ FPC PV- HP FPC PVþ FPC PV– HP
n = 77 n = 404 n = 27 n = 105 n = 269 n = 11

Male, n (%)$ 24 (31 %) 138 (34 %) 9 (33 %) 31 (30 %) 98 (36 %) 6 (55 %)
Age, median (IQR)^ 51 (43− 58) 52 (44− 60) 63 (56− 71) 51 (44− 60) 52 (45− 60) 59 (51− 63)
BMI, median (IQR)^ 25⋅2 (23⋅2–28⋅7) 25 (22⋅8– 28⋅2) 24⋅6 (21⋅3– 26⋅2) 25⋅5 (22⋅3–29⋅0) 24⋅4 (22⋅0– 27⋅8) 21⋅3 (21⋅1–22⋅3)
Age youngest relative with PDAC 42 27 - 44 27 -
Number individuals screened before 40,n (%)$ 8 (10 %) 12 (3 %) - 11 (10 %) 9 (3 %) -
History of non-pancreas cancer, n (%)$ 38 (49 %) 43 (11 %) 2 (7 %) 35 (33 %)* 19 (7 %) 1 (9 %)
History of pancreatitis, n (%)$ 6 (8%) 11 (3%) - 1 (1%)* 3 (1%) -
History of malabsorption, n (%) - - 21 (78%) - - 2 (18%)***
History of diabetes, n (%) ​ ​ ​ ​ ​ ​
Total 4 (5%) 19 (5%) 18 (67%) 3 (3%) 12 (4%) 2 (18)*
New onset (<6 months) 0 0 0 0 2 0
Pre-existing 2 17 11 3 9 2
After baseline scan 2 2 6 0 1 0
Unknown 0 0 1 0 0 0
Smoking, n (%)$

Yes 4 (5%) 24 (6%) 3 (11%) 10 (10%)** 11 (4%) 1 (9%)
No 41 (53%) 223 (55%) 13 (48%) 68 (65%)** 158 (59%) 5 (46%)
Ex 23 (30%) 134 (33%) 11 (41%) 26 (24%)** 85 (31%) 4 (36%)
Unknown 9 (12%) 23 (6%) 0 (0%) 1 (1%)** 15 (6%) 1 (9%)
Alcohol, n (%)$

Yes 62 (80%) 327 (81%) 13 (48%) 82 (78%)* 232 (86%) 7 (64%)
No 2 (3%) 32 (8%) 4 (5%) 13 (12%)* 15 (6%) 0 (0%)
Ex 3 (4%) 19 (5%) 10 (37%) 9 (9%)* 10 (4%) 3 (27%)
Unknown 10 (13%) 26 (6%) 0 (0%) 1 (1%)* 12 (4%) 1 (9%)

$ Chi-Squared test, Fisher’s Exact test used for HP cohort; ^ Mann-Whitney U test; * p < 0⋅05; ** p < 0⋅01; *** p < 0⋅001; BMI: body mass index; FPC: familial 
pancreatic cancer; HP: hereditary pancreatitis; IQR: interquartile range; PDAC: pancreatic ductal adenocarcinoma; PV: pathogenic variant.
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(78 %) lesions are identified at stage II or below, exceeding the ambi
tions of the NHS cancer plan. We have also reported outcomes of PDAC 
surveillance in those with HP. The overall finding of actionable 
pancreatic lesions from EUROPAC is 2 %, (which excludes prevalence 
lesions and non-pancreatic neoplasms) and is comparable to the out
comes of the UK national bowel and lung cancer screening programmes 
[20,21].

Other well-established groups conclude that the outcomes of PDAC 
surveillance in the FPC PV- cohort does not justify surveillance [8,9]. 
This may be correct providing that comprehensive genomic analysis is 
offered and available to all individuals at risk and is sufficiently 

thorough to identify all variants rather than just those commonly 
available. However, it is recognised that genetic testing is underutilised 
for those who are eligible for it and individuals who do carry pathogenic 
variants in cancer susceptibility genes can sometimes not meet criteria 
for genetic testing [22,23]. We have shown that using a sophisticated 
risk score acts as a marker for mutations in a naïve population, especially 
when they are rare. In healthcare systems that have economic re
strictions such that widespread genomic testing is not available, we 
further highlight the need for a change in the way FPC PV- individuals 
are assessed for PDAC surveillance. Our future research will include 
robust surveillance tools including polygenic risk evaluation using 

Table 2 
Outcomes of surveillance by stage and treatment prior to 2020 and following 2020.

2000–2019

Individual Group Date of 
Finding

Age (sex) at 
diagnosis

Time in 
surveillance 

(months)

Histology Stage [TNM] Treatment Complications Outcome Survival 
(months)aCD ISGPS

1.b HP 2013 70 (F) 13 PDAC IIa [cT3N0M0] FOLFIRINOX NA NA Died 10
2.c FPC PV+

(CDKN2A)
2016 59 (F) 38 PDAC Ia [cT1N0M0] Nil NA NA Died 14

3. FPC PV- 2015 60 (F) 88 6 mm 
pNET

Ia 
[pT1N0M0R0]

Rad LP IIIb POPF C Died 
(CVA)

113

4. FPC PV- 2019 67 (F) 18 HGD in 
MD-IPMN

0 [pTisN0M0] SP - TP 0 NA Alive 79

2020–2025

Individual Group Date of 
Finding

Age (sex) 
at 

diagnosis

Time in 
surveillance 

(months)

Histology Stage [TNM] Treatment Complications Outcome Survival 
(months)CD ISGPS

5. HP 2020 46 (M) 41 MD-IPMN, 
HGD

0 [pTisN0M0] SP - TP 0 NA Alive 60

6. HP 2022 38 (F) 59 CP, PD 
disruption, 

splenic lesion

- Rad LP 0 NA Alive 39

7. HP 2024 63 (M) 16 CP, PanIN-2 - SP - TP 0 NA Alive 11
8.d HP 2024 81 (F) 250 PDAC Ia [cT1N0M0] Gem/Cap NA NA Alive 14
9. FPC PV+

(BRCA2)
2022 61 (F) 87 PDAC (Liver) IV [cT2N2M1] Nil NA NA Died 0

10.e FPC PV+
(STK11)

2023 55 (F) 34 BD-IPMN, 
HGD

0 [pTisN0M0] PPPD V POPF C Died 10

11. FPC PV+
(BRCA2)

2023 50 (M) 78 Duodenal 
adenoma 
with LGD

- EMR 0 NA Alive 19

12. FPC PV+
(CDKN2A)

2024 64 (M) 128 PanIN − 3 0 [pTisN0M0] SP - TP 0 NA Alive 12

13.f FPC PV+
(CDKN2A)

2024 67 (M) 63 PDAC Ia [cT1N0M0] FOLFIRINOX 
and XRT

NA NA Alive 13

14. FPC PV- 2023 68 (M) 125 PDAC (Liver) IV [cT2N0M1] FOLFIRINOX 0 NA Died 16
15. FPC PV- 2023 43 (M) 57 Ampullary 

adenoma 
with LGD

- EMR 0 NA Alive 19

16. FPC PV- 2025 53 (M) 9 PDAC Ia 
[pT1N0M0R0]

PPPD 0 NA Alive 2

17. FPC PV- 2025 61 (F) 11 PDAC III [cT3N2M0, 
ypT2N1M0R0]

FOLFIRINOX 
then PPPD

0 NA Alive 9

18.g FPC PV- 2025 52 (M) 10 PDAC III [cT2N2M0] Neo-adjuvant 
FOLFIRINOX

NA NA Alive 0

BD-IPMN: branch duct intraductal pancreatic mucinous neoplasm; CD: Clavien-Dindo; CP: chronic pancreatitis; D-MPD: dilated main pancreatic duct; EMR: endo
scopic mucosal resection; FOLFIRINOX: folinic acid, fluorouracil, irinotecan and oxaliplatin; Gem/Cap: gemcitabine and capecitabine; HGD: high grade dysplasia; 
ISGPS: International Study Group for Pancreatic Surgery; LGD: low grade dysplasia; LP: left pancreatectomy [SP=spleen preserving, radical=spleen excised]; MD- 
IPMN: main duct intraductal pancreatic mucinous neoplasm; NA: not applicable; PanIN: pancreatic intraepithelial neoplasia; PDAC: pancreatic ductal adenocarci
noma; pNET: pancreatic neuroendocrine tumour; POPF C: post operative pancreatic fistula grade C; PPPD: pylorus preserving pancreatoduodenectomy; TP: total 
pancreatectomy;

a survival is from date of diagnosis to date of death or last follow up
b stage IIa lesion but deemed inoperable due to portal hypertension
c stage Ia lesion but suffered duodenal perforation at time of EUS with consequent retroperitoneal collection, never became fit for treatment
d unfit for resection due to comorbidities
e in hospital mortality due to post operative pancreatic fistula
f incidental single bony metastasis from prostate adenocarcinoma diagnosed on staging imaging, commenced FOLFIRINOX but PDAC spread to involve superior 

mesenteric artery
g undergoing neo-adjuvant treatment at the time of writing
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muti-gene panels, family history and environmental risk factors.
This work represents EUROPAC’s long term outcomes of PDAC sur

veillance in the UK and as such reports outcomes relevant to the NHS 
Long Term Plan for cancer. As outlined above, criteria for genomic tests 
commissioned by the NHS are set out by the National Genomic Test 
Directory (NGTD), first published in 2018. [24] In September 2020, the 
UK Government published Genome UK: The Future of Healthcare, a 
policy paper which sets out how genomic medicine is to be integrated 
into NHS practice [25]. Although the PV+ group are enriched following 
risk-stratification (p < 0⋅001), this does not have an overall bearing on 
outcomes before or after 2020 and is likely a result of post 2020 UK 
genetics policy change. However, the post-2020 risk stratified group was 
25 % smaller than the pre-2020 group but showed significant enrich
ment for important findings, 0⋅8 % vs 4 % (p = 0⋅001).

Notably, among the five FPC PV– participants who developed sig
nificant pancreatic findings after 2020, none would have been eligible 
for genetic testing at the time of their registration. All were subsequently 
found to carry pathogenic variants on the EUROPAC-PLUS custom 
sequencing panel. Importantly, three of these genes (PALLD, FANCA, 
and FANCB) are not included in the current Genomic Test Directory and 
therefore would not have been identified through standard clinical 
testing. ATM was only added to the directory in 2025, so the same 
limitation applied prior to that date. These individuals had Family Risk 
(FR) scores ranging from 30 to 70.

All PV+ individuals who developed comparable lesions had high FR 
scores, reflecting their known germline mutations. Thus, an elevated FR 
(>30) appears to act as a marker for an underlying pathogenic variant in 
individuals who are ineligible for testing but remain at sufficient risk to 
justify surveillance—individuals who might otherwise have been 
excluded [8–10]. In practice, an elevated FR (>30) could be used to 
better define the population eligible for surveillance and, importantly, 
as a criterion to formally refer to clinical genetics services in healthcare 
systems that cannot implement universal germline genetic testing due to 
limitation of resources. Moreover, given the obvious implications, 
consideration towards generating more extensive genetic panels re
quires urgent discussion.

This observation has several important implications. First, the 
identification of a pathogenic variant automatically at least doubles an 
individual’s risk score, with potential consequences for the eligibility of 

other family members for surveillance. Second, discovery of specific 
mutations such as those in BRCA or the Fanconi Anaemia genes may 
open new therapeutic avenues, including treatment with poly(ADP- 
ribose) polymerase (PARP) inhibitors. Together, these findings high
light the importance of integrating clinical surveillance with trans
lational research, an approach that has long been central to the 
EUROPAC programme and its associated sub-projects.

We have not expanded on cystic lesions found in surveillance as it is 
beyond the scope of this study and, except for the three we have reported 
in this paper, no others demonstrated worrisome or high-risk features. 
When participants at the Cancer of the Pancreas Screening study (CAPS) 
symposium were asked whether PanIN-2 or IPMN with intermediate or 
low-grade dysplasia should be considered a success of surveillance, there 
was a tendency towards agreement with these statements [3]. We agree 
that these lesions should be reported. This is something we would 
conditionally agree with given the difficulties of distinguishing PanIN 3 
or high-grade dysplasia from lower grades of these lesions. However, 
there must be other concerning features present, consensus at MDT and 
patients must be counselled appropriately. Additionally, we have not 
included prevalence cases as we do not believe these are truthfully found 
during surveillance. Testing for molecular signatures of high grade 
dysplasia in pancreatic juice collected at the time of surveillance EUS 
has generated promising results in more accurately diagnosing PanIN-3 
or high grade IPMN [26,27], but this would not apply to those who 
undergo MRI surveillance, is contraindicated in those with HP and is not 
currently possible as secretin is not available in the UK. A further 
consideration, given the surgical mortality in individual (ID 10), is 
whether all surveillance detected lesions suitable for resection should be 
further supra-centralised in very high-volume units to drive down 
complications.

HP causes continued chronic pancreatitis which leads to somatic 
KRAS mutations, ultimately leading to acinar-to-duct metaplasia and 
PanIN progression to PDAC. Although HP is rarely included in outcomes 
of surveillance for PDAC, because of its different pathogenesis, and 
because of the relatively low numbers of affected individuals, it is none 
the less important to include this group because of the very high risk of 
developing PDAC (approximately 40 % life-time risk) and the gap in 
care for these individuals. The International consensus guidelines on 
surveillance for PDAC in chronic pancreatitis specifically advise that 
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Fig. 2. Timeline showing time from starting surveillance to an actionable pancreatic finding and Family Risk Scores.
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patients with inherited PRSS1 mutations should undergo surveillance 
[2].

Participants with HP will present with symptoms due to chronic 
pancreatitis, with individuals needing surgery for symptoms as often as 
for actionable lesions seen during surveillance. It is vital to consider 
surgical options appropriate for the age, extent of disease and future risk 
of developing PDAC. We have included such patients in this study. Of 
interest, the participants with the PRSS1 p.N29I variant were all from 
the same family; the proband’s son underwent total pancreatectomy for 
HGD within a MD-IPMN (ID 5) and the proband’s sister had a surveil
lance detected T1N0M0 PDAC but was too frail to undergo surgery (ID 
8). Those HP individuals who underwent surgery in this study, all had 
symptomatic chronic pancreatitis and developed features on surveil
lance other than those consistent with chronic pancreatitis, suggestive of 
an underlying neoplastic process. The implication from Paiella et al. 
[28], which quantifies the rate of low-yield surgery during PDAC sur
veillance, citing CAPS guidelines, also surmises this is a valid group to 
intervene upon.

This study spans 25 years, during which international guidelines for 
managing these patient cohorts have evolved considerably. The findings 
are relevant to PDAC surveillance programmes worldwide and to clini
cians managing patients with PDAC, demonstrating the value of risk 
stratification in FPC PV– individuals by targeting surveillance to those 
most likely to benefit. The overall median survival following resection 
(2.5 years, IQR 1.1–4.6) is likely underestimated, as many participants 
have not yet reached five years post-surgery. We could not determine 
PDAC incidence among EUROPAC-registered individuals who did not 
meet surveillance criteria; although they are asked to report any changes 
in personal or family history, none have been recorded. Our cohort lacks 
racial and socioeconomic diversity, being predominantly white, female, 
and from less deprived areas - similar to other PDAC screening 
programmes.

5. Conclusion

A properly executed surveillance system for at risk individuals, with 
tight definitions of kinship and risk stratification, will identify PDAC and 
precursor lesions in both mutation positive and negative individuals, at 
an earlier stage and will improve outcomes. Ultimately, policy makers 
and government need to update guidelines and mandate risk stratified, 
standardised, targeted nationwide PDAC surveillance for high-risk 
individuals.
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BD-IPMN: Branch duct intraductal papillary mucinous neoplasm
BMI: Body mass index
CAPS: Cancer of the Pancreas Screening Group
CD: Clavien-Dindo
CP: Chronic pancreatitis
CT: Computed tomography
D-MPD: Dilated main pancreatic duct
EMR: Endoscopic mucosal resection
EUROPAC: European Registry of Hereditary Pancreatic Diseases
EUS: Endoscopic ultrasound
FOLFIRINOX: Folinic acid, fluorouracil, irinotecan and oxaliplatin
FPC: Familial pancreatic cancer
FR: Family risk score
Gem/Cap: Gemcitabine and capecitabine
HGD: High grade dysplasia
HP: Hereditary pancreatitis
HRI: High risk individual
IPMN: Intraductal papillary mucinous neoplasm
IQR: Interquartile range
ISGPS: International Study Group for Pancreatic Surgery
LGD: Low grade dysplasia
LP: Left pancreatectomy
MD-IPMN: main duct intraductal papillary mucinous neoplasm
MDT: Multi-disciplinary team meeting
MRI: Magnetic resonance imaging
NG85: NICE guideline 85
NGS: Next generation sequencing
NGTD: National Genomics Test Directory
NHS: National Health Service
NICE: National Institute of Health and Care Excellence
PanIN: Pancreatic intraepithelial neoplasia
PARP: Poly(ADP-ribose) polymerase inhibitor
PCUK: Pancreatic Cancer UK
PDAC: Pancreatic ductal adenocarcinoma
PJS: Peutz-Jeghers syndrome
pNET: Pancreatic neuroendocrine tumour
POPF: Post-operative pancreatic fistula
PPPD: Pylorus preserving pancreatoduodenectomy
PV: Pathogenic variant
TP: Total pancreatectomy
UICC: Union for International Cancer Control

P.J. Hopley et al.                                                                                                                                                                                                                                European Journal of Cancer 237 (2026) 116592 

8 

https://doi.org/10.1002/ueg2.12631
https://doi.org/10.1136/gutjnl-2020-323611
https://doi.org/10.1136/gutjnl-2020-323611
https://doi.org/10.1002/ueg2.12662
https://doi.org/10.1136/gut.2005.065045
https://doi.org/10.4251/wjgo.v11.i2.102
https://doi.org/10.4251/wjgo.v11.i2.102
https://doi.org/10.1159/000201502
https://doi.org/10.1038/s41395-018-0395-y
https://doi.org/10.1038/s41395-018-0395-y
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1136/gut.2005.065045
https://doi.org/10.1002/bjs.5609
https://doi.org/10.1136/thoraxjnl-2015-207140
https://doi.org/10.1136/thoraxjnl-2015-207140
https://doi.org/10.1038/s41598-022-06376-4
https://doi.org/10.1038/s41598-022-06376-4
https://doi.org/10.1200/OP.23.00447
https://doi.org/10.1136/gutjnl-2012-302823
https://doi.org/10.1136/gutjnl-2012-302823
https://doi.org/10.1158/1078-0432.CCR-17-2463
https://doi.org/10.1158/1078-0432.CCR-17-2463
https://doi.org/10.1097/SLA.0000000000006094
https://doi.org/10.1097/SLA.0000000000006094

	Risk-stratified surveillance for individuals in the UK at high risk of developing pancreatic cancer: Outcomes from the Euro ...
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Risk score calculation
	2.3 EUROPAC participants and surveillance
	2.4 Outcomes
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Ethics approval
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


