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Abstract

In the 1990s, as prevention became a central strategy in the battle against cancer and the molecular genetics revolution
uncovered the genetic basis of numerous hereditary cancer syndromes, there were no options available for patients at
increased risk of developing pancreatic cancer. When surveillance efforts for those at familial and hereditary risk of pan-
creatic cancer emerged in the late 1990s, it was uncertain if early detection was achievable.

In this introduction to the special issue, we offer an overview of the history of surveillance for pancreatic cancer,
including the first reports of familial pancreatic cancer in the medical literature, the initial results of surveillance in the
United States and the initiation of surveillance programs for hereditary pancreatic cancer in the Netherlands.

This special issue features a collection of 18 articles written by prominent experts in the field, focusing specifically on
refining surveillance methodologies with the primary objective of improving care of high-risk individuals. Several reviews
in this collection highlight improved survival rates associated with pancreas surveillance, underlying the potential of early
detection and improved management in the continuing fight against pancreatic cancer.
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Cancer prevention and molecular genetics
revolution in the 1990s

cancer-related mortality rates. The authors advocated for a
paradigm shift towards prevention as the most promising
approach to cancer control. Subsequently, in addition to

The ongoing battle against cancer has been a global health
endeavor for decades. In 1997, Bailar et al. published a
comprehensive analysis of efforts to combat cancer between
1970 and 1994 [1]. Despite the introduction of novel treat-
ments during this period, there were minimal reductions in
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tobacco control efforts, the 1990s saw the launch of popula-
tion-based screening initiatives targeting prevalent cancers
such as breast and colorectal cancer. Screening for pancre-
atic cancer was deemed inappropriate due to its low preva-
lence and the absence of accurate non-invasive screening
tools.

In parallel, the field of cancer research experienced a rev-
olution due to major advances in molecular genetics. The
genetic basis of various hereditary cancer syndromes was
unraveled during this period, including hereditary breast
cancer (BRCAI, BRCA2), Lynch syndrome (mismatch repair
genes), Familial Adenomatous Polyposis (FAP) (4PC),
Familial Atypical Multiple Mole Melanoma (FAMMM)
(CDKN24), and Peutz-Jeghers syndrome (S7K17). Many of
these genetic aberrations were found to be associated with
pancreatic cancer [2]. As delineated by Jacobs et al. in this
issue [3], the highest risks of developing pancreatic cancer
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were observed in individuals with a pathogenic germline
variant in CDKN2A4 (15-20%), STK 11 (11-36%) and PRSS!
(10-70%), while lower risks (less than 10%) were reported
for carriers of a pathogenic germline variant in BRCAI,
BRCA2, ATM, MLH1I, MSH2, APC, and TP53. An important
consequence of these groundbreaking discoveries was that
many more physicians and patients became aware of the sig-
nificance of hereditary cancer syndromes. This awareness
led to the greater recognition of high-risk families, driving
the establishment of clinical genetic centers to address the
increased demand for counseling and genetic testing. Con-
currently, registries were set up to facilitate early detection
and monitor surveillance investigations. While screening
of the general population for pancreatic cancer remained
unfeasible, in the late 1990s targeted surveillance of high-
risk individuals emerged as a potential strategy and the first
surveillance initiatives were launched for families predis-
posed to pancreatic cancer.

Surveillance for pancreatic cancer: a
historical perspective

Familial pancreatic cancer

In 1973, MacDermott and Kramer described a remarkable
family that included four siblings affected by pancreatic
cancer, likely representing the first description of familial
pancreatic cancer in the medical literature [4]. Following
this landmark observation, a series of anecdotal case reports
emerged, further highlighting the role of familial factors in
the etiology of pancreatic cancer [5—12].

In 1991, Ghadirian et al. reported their case/control study
that found having a family history of pancreatic cancer was
significantly more common in subjects with pancreatic can-
cer than in controls [13]. The establishment of the National

Fig. 1 Theresa Brentnall (1) and Marcia Irene Canto (r) whose contri-
butions have been vital to the evolution of familial pancreatic cancer
surveillance
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Familial Pancreas Tumor Registry (NFPTR) in 1994 at
Johns Hopkins, Baltimore, through the pioneering efforts of
Hruban and others, marked a significant step forward [14,
15], eventually leading to the implementation of pancreatic
surveillance programs for at-risk families.

Twenty-five years ago, in 1999, Brentnall at the Univer-
sity of Washington, Seatle [16] (Fig. 1) was the first to report
the outcomes of surveillance of individuals at risk of pan-
creatic cancer. During a meeting of the American Pancreatic
Association (APA), she presented the compelling case of
a 40-year-old asymptomatic Caucasian man whose grand-
father, father, four of five paternal uncles, and three first
cousins had all died from pancreatic cancer. CT-scanning
showed no abnormalities. Opinions on management varied
widely among the APA members [17]. Brentnall opted for an
extensive surveillance regimen as outlined in her report in
this issue encompassing various modalities including EUS,
MRI, CT, ERCP, CEA and CA19.9 [18]. The surveillance
program identified suspected pancreatic lesions in seven
out of 14 high-risk individuals, all of whom underwent total
pancreatectomy revealing benign precursor lesions.

In 2004, Canto, at Johns Hopkins, reported another sig-
nificant milestone: the successful detection of pancreatic
cancer through surveillance (Fig. 1) [19]. This study, which
involved 37 individuals with familial pancreatic cancer and
one patient with Peutz-Jeghers syndrome, demonstrated the
effectiveness of EUS in detecting a spectrum of pancreatic
lesions ranging from invasive ductal adenocarcinoma to
non-neoplastic lesions. Subsequent reports by Canto [20—22]
have further underscored the effectiveness of surveillance.
The latest update of the original series in 2018 documented
14 pancreatic cancers and 10 high-grade dysplastic lesions
in 354 patients. Since 2009, the outcomes of surveillance
for familial pancreatic cancer from countries other than the
United States have been published, as delineated by Over-
beek et al. and Bogdanski et al. in this issue [23, 24]. In
2010, Canto and others established the International Can-
cer of the Pancreas Screening (CAPS) Consortium, a global
initiative aimed at organizing and standardizing pancreatic
cancer screening efforts [25]. This consortium has played
a pivotal role in advancing the understanding and manage-
ment of familial pancreatic cancer through collaborative
research and clinical initiatives [26].

Hereditary pancreatic cancer

In the late 1990s and early 2000s, surveillance programs
were initiated in families with an underlying pathogenic
germline variants. One such program, launched in 2000 at
Leiden University Medical Center (LUMC) in the Neth-
erlands, targeted families with Familial Atypical Multiple
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Mole Melanoma (FAMMM) [27]. Just a few miles from the
LUMC is the coastal village of Katwijk, where, three cen-
turies ago, an individual with a genetic predisposition for
melanoma settled. As a very stable community, over time
the number of carriers of the deleterious gene gradually
increased. The responsible gene defect in these families,
a pathogenic variant in CDKN2A now known as the p16-
Leiden founder variant, was later identified by Gruis et al.
[28].

In the 1980s, the dermatologist Bergman established
a dedicated outpatient department at LUMC to facilitate
the early detection of melanoma in individuals with this
predisposition [29, 30]. Collaborating with Lynch, Wat-
son and others in 1990, she conducted an evaluation of
the tumor spectrum in nine extensive melanoma families
[31]. This study revealed a higher than expected incidence
of pancreatic cancers - an association further documented
in subsequent reports [32, 33]. In 1999, the lifetime risk
of pancreatic cancer in carriers of a CDKN2A pathogenic
variant was calculated to be 17% by age 70 [34]. This sig-
nificant risk, combined with the groundbreaking paper by
Brentnall, prompted Vasen and his team (Fig. 2) to launch
a prospective surveillance program for these high-risk indi-
viduals in Leiden the following year. A decade later, they
reported their experience with surveillance of this cohort; 7
pancreatic cancers detected in 79 carriers in the initial 2011
report [35] and 14 tumors in 178 carriers in a 2016 report
[36]. The latest update in 2022 by Klatte reported 36 cancers
in 347 CDKN2A PGV carriers, currently the largest collec-
tion of this carrier group worldwide [37].

Fig. 2 Multidisciplinary Team Surveillance CDKN2A-p16-Leiden
variant carriers at Leiden University Medical Center, Leiden, The
Netherlands (2003); Upper row: Hans Vasen (internist), Bert Bons-
ing (surgeon), Anneke van Mil (genetic counselor), Wouter de Vos tot
Nederveen Cappel (gastroenterologist); Lower row: Martin Wasser
(radiologist), Hans Morreau (pathologist)

Improved outcomes through surveillance

After 25 years of surveillance of high-risk individuals using
established protocols, improved outcomes have finally been
demonstrated. Surveillance-detected pancreatic cancers
are more likely to be smaller, resectable, and lower stage.
Moreover, analyses of long-term overall survival and dis-
ease-specific mortality in the CDKN2A4/pl16-Leiden and
American CAPS cohorts [38—40] have also recently demon-
strated a survival benefit, even after accounting for potential
lead-time bias.

Content and aim of special issue

This Special Issue of Familial Cancer presents a collection
of 18 articles authored by leading experts in the field. Under
guidance of guest editors Mimi Canto and Michael Goggins,
a diverse range of topics related to inherited pancreatic can-
cer was selected, extending from genetics and pathology to
surveillance, surgical intervention, patient perspectives and
registries. The primary objective of this issue is to improve
the quality of care for high-risk individuals, with a specific
focus on refining surveillance methodology to ensure early
detection and intervention.

Prior to initiating pancreatic cancer surveillance, it is
essential to delineate the high-risk groups eligible for tar-
geted preventive measures. In this issue, Jacobs et al. [3]
provide a comprehensive review of hereditary cancer syn-
dromes associated with an increased susceptibility to pan-
creatic cancer. Additionally, the authors explore potential
etiologies of unexplained familial pancreatic cancer and the
significance of polygenic risk scores. The authors conclude
with a concise overview of environmental and lifestyle fac-
tors contributing to pancreatic cancer risk.

Cristina-Marianini-Rios et al. [41] consider a genetic
tool to evaluate the clustering of familial pancreatic cancer
(FPC) when no pathogenic variant is identified, which is the
case in most families. In a large cohort of 125 Spanish FPC
families, the authors employed the Best Linear Unbiased
Prediction (BLUP) methodology, which estimates an indi-
vidual’s predicted risk of developing cancer. Their findings
could have important implications for general practice.

At present, genetic testing is advised for all patients with
pancreatic cancer, as identifying a pathogenic variant has
significant implications for genetic counseling, targeted
therapies, cascade testing, and appropriate cancer screen-
ing approaches for family members found to have a patho-
genic variant. Despite the potential clinical value of such
gene testing, in most centers only a minority of patients
with pancreatic cancer undergo genetic testing. To address
this disparity, Rodriguez et al. [42] examined the diverse
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barriers to genetic testing and discussed alternative health-
care delivery modalities to surmount these hurdles. These
modalities include, for example, automated workflows,
video-based education, telemedicine genetics care with tele-
phone- or video-consultations and direct-to-consumer test-
ing. Additionally, the authors present insights from several
trials assessing the efficacy of these innovative approaches
in enhancing the uptake of genetic testing among pancreatic
cancer patients.

Over the past two decades, an increasing number of fami-
lies with a CDKN2A pathogenic variant have been identified
at the LUMC, Leiden, The Netherlands. Individuals carry-
ing a CDKN2A pathogenic variant have an increased risk of
developing melanoma (~70% lifetime), usually starting in
their second decade of life, and pancreatic cancer (~20%
lifetime) from the age of 40 years onwards. Understanding
the pathogenic variant carriers perspectives of genetic test-
ing and family planning is essential to ensuring they receive
optimal care. Onnekink et al. [43] examined the motiva-
tions of CDKN2A pathogenic variant carriers and their
relatives to seek genetic testing, their reasons for delay-
ing it, and the preferred timing of testing. The authors also
explored whether knowledge of carrier status influenced an
individual’s family planning decisions. Additionally, they
investigated whether confirmed carriers would consider
preimplantation genetic testing, an assisted reproductive
technique that enables the selection of embryos lacking a
particular genetic predisposition.

Precursor lesions of pancreatic cancer are important
as they represent potential targets for cancer prevention.
Pfliiger, Brosens and Hruban [44] provide comprehensive
insights into the characteristics of various precursor lesions
associated with pancreatic cancer development. They also
present current data on the prevalence and features of these
lesions in individuals at risk for familial pancreatic cancer,
as well as in carriers of various pathogenic germline vari-
ants linked to pancreatic cancer. Additionally, they explore
the clinical implications of these lesions, addressing ques-
tions such as whether precursor lesion morphology can indi-
cate an underlying pathogenic variant, the significance of
identifying a second hit in a precursor lesion in patients with
a germline variant, and the screening and treatment implica-
tions of finding precursor lesions in such patients.

Currently, recommended methods of surveillance include
MRI/MRCP and endoscopic ultrasound (EUS). Overbeek et
al. explore the role of EUS within surveillance programs,
evaluating its strength, limitations, yield, and impact on
patients [23] and compare EUS to MRI/MRCP, discussing
the pros and cons of each test. Additionally, they provide a
list of published studies that have described prospective sur-
veillance programs that utilize EUS, along with their detec-
tion rates for neoplastic progressors. The authors emphasize
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that there is only limited evidence that pancreatic cancer
surveillance results in a true survival benefit.

Bockestijn et al. [45] discuss state-of-the-art MRI tech-
niques and sequences for early pancreatic cancer detection.
They present the surveillance protocol used in Leiden since
2000 for CDKN2A pathogenic variant carriers, along with
results before and after protocol improvement in 2020.
Finally, they challenge the prevailing notion that EUS is
superior in detecting solid lesions.

To further improve the early detection of pancreatic can-
cer, there is an urgent need for accurate and inexpensive
biomarkers. In this issue, Goggins [46] offers a thorough
review of the currently available biomarkers including
imaging biomarkers, circulating biomarkers, and those
found in cyst fluid, pancreatic juice and urine. The ultimate
goal of such biomarkers is to detect cancer early enough to
improve survival rates. Goggins stresses the importance of
testing biomarkers in the study population where their use
is intended, specifically patients with stage I pancreatic can-
cer. Moreover, given the low disease incidence in high-risk
groups, he emphasizes the importance of a high-specificity
to minimize the risk of false positives.

Bogdanski et al. [24] present a comprehensive review
of pancreatic cancer surveillance in high-risk individuals.
They discuss the objectives, targets and methods of surveil-
lance. The authors also provide insights regarding the model
used in Leiden to determine if surgery is warranted for a
suspected pancreatic lesion or, alternatively, if shortening
the surveillance interval (3 or 6 months) is more appropri-
ate. Moreover, they offer a summary of the latest meta-anal-
yses and major studies evaluating surveillance outcomes.

Following the detection of a suspected pancreatic lesion,
the question arises regarding the necessity of surgery and
whether partial resection or total pancreatectomy is war-
ranted. Maurer et al. [47] discuss the absolute and rela-
tive indications for surgery based on current guidelines for
managing solid and cystic lesions. In the decision-making,
especially concerning relative indications for surgery, they
stress the importance of considering the individual’s risk for
pancreatic cancer, age, comorbidities, life expectancy, com-
pliance and the risk associated with any surgical procedure.
Other topics addressed include indications for prophylactic
pancreatectomy, the potential benefits of autologous islet
transplantation after total pancreatectomy, and pancreas
transplantation. Finally, the authors summarize the overall
success rate of current screening programs in achieving sur-
veillance goals in high-risk individuals, specifically, detect-
ing stage I pancreatic cancer or high-risk precursor lesions.

Recent studies demonstrated that surveillance of high-
risk individuals leads to higher resection rates and improved
survival compared to no surveillance. An additional impera-
tive of an optimal surveillance program is cost-effectiveness.



Twenty-five years of surveillance for familial and hereditary pancreatic ductal adenocarcinoma: Historical... 213

Wang et al. [48] conducted a comprehensive review of avail-
able studies that evaluated the cost-effectiveness of various
surveillance strategies for familial and hereditary pancreatic
cancer in high-risk individuals. The authors identified eight
studies with six based on a hypothetical cohort and two
based on real data from prospective surveillance cohorts.
They summarize detailed results as well as the most influen-
tial variables on outcomes such as lifetime risk of pancreatic
cancer and surveillance strategies.

Among all the medical reviews featured in this issue,
there is a particular touching report from a patient, Ama-
rensia Spruitenburg, a carrier of a pathogenic germline p16-
Leiden variant [49]. This report is based on a presentation
she delivered a few years ago during a patient meeting. It
beautifully captures the array of emotions, ranging from
fear to happiness, experienced by patients throughout the
process of pancreas surveillance. The positive attitude dis-
played in her presentation could be a source of inspiration
for other patients. Although she successfully overcame her
pancreatic tumor, she tragically passed away from an unre-
lated illness at the end of 2022, nearly six years after under-
going pancreas resection.

As awareness of familial and hereditary cancer grows,
new registries are regularly established in various countries.
The primary aim of these registries is to promote surveil-
lance in families with a genetic predisposition for cancer.
In this issue, the registries for families with familial and
hereditary pancreatic cancer established in Japan (2014)
[50], Italy (2015) [51] and Spain (2009) [52] are described.
The authors outline the criteria for registration, criteria for
offering surveillance, surveillance protocols, the coverage
of genetic testing and surveillance, registry organization
and, if available, the outcome of surveillance.

Matsubayashi et al. present an interesting case of a
73-year-old male [53] who was diagnosed with distal bili-
ary cancer at the age of 56 and more recently with a pancre-
atic acinar cell carcinoma (PACC) who was found to have a
BRCA2-pathogenic variant. The patient underwent surgery
and received chemotherapy. The authors discuss tumor
responses to various treatment regimens, including chemo-
therapy and olaparib.

As stated in the introduction, screening the general popu-
lation for pancreatic cancer was not deemed appropriate due
to its low prevalence and the lack of accurate surveillance
tools. However, with 25 years of experience in the surveil-
lance of high-risk groups, the question inevitably arises: Is
this knowledge applicable to the potential screening of the
general population? This question will be addressed by Mat-
thias Lohr [54].

In 2023, Gloria Petersen, an pioneering investigator in
familial pancreatic cancer passed away. In this issue, Vasen
commemorates her significant contributions to the field.

Conclusion

We extend our sincere gratitude to all authors for their out-
standing contributions to this special issue. We believe that
this overview of the latest knowledge in the field of inher-
ited pancreatic cancer will assist physicians worldwide in
caring for individuals at high-risk. Several reviews in this
issue have demonstrated improved survival rates attributed
to pancreas surveillance, particularly among families with
an underlying pathogenic variant associated with pancreatic
cancer. Additionally, over the past decades, the five-year
survival rate of patients with sporadic pancreatic cancer has
reportedly increased from less than 5% in the 1990s to 12%
today (SEER Cancer Statistics: Pancreatic cancer) largely
owing to advances in surgery and chemotherapy. The inte-
gration of early detection and enhanced management offers
hope in the ongoing battle against pancreatic cancer. This
is particularly important considering the fact that pancre-
atic cancer is now the third most common cause of cancer-
related deaths in the United States.
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