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Abstract

Individuals with hereditary pancreatic cancer risk include high risk individuals (HRIs) with germline genetic susceptibility
to pancreatic cancer (PC) and/or a strong family history of PC. Previously, studies have shown that PC surveillance in
HRIs can downstage PC diagnosis and extend survival leading to pancreatic surveillance being recommended for certain
HRIs. However, the optimal surveillance strategy remains uncertain, including which modalities should be used for sur-
veillance, how frequently should surveillance be performed, and which sub-groups of HRIs should undergo surveillance.
Additionally, in the ideal world PC surveillance should also be cost-effective. Cost-effectiveness analysis is a valuable tool
that can consider the costs, potential health benefits, and risks among various PC surveillance strategies. In this review,
we summarize the cost-effectiveness of various PC surveillance strategies for HRIs for hereditary pancreatic cancer and
provide potential avenues for future work in this field. Additionally, we include cost-effectiveness studies among individu-
als with new-onset diabetes (NoD), a high-risk group for sporadic PC, as a comparison.
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Research highlight: Most studies found that MRI and EUS could be cost-effective for both index and annual surveillance
between ages 40-75, though the risk thresholds for cost-effectiveness were often higher than the risk reported for moderate
PC risk groups (e.g. BRCA1, BRCA2, ATM, PALB2, Lynch syndrome). Surveillance costs and PC risk influenced the level of cost-
effectiveness.
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Introduction

Pancreatic cancer (PC) is the third leading cause of cancer
death in the United States [1]. The majority of PC is met-
astatic at the time of diagnosis with poor survival (5-year
survival rate: 3.2%) [2]. In contrast, PC diagnosed at local
stages can often be treated surgically, resulting in improved
survival (5-year survival rate: 44.3%) [2]. In fact, the most
localized stage IA PC has a 5-year survival of over 80% [3],
demonstrating how it is crucial to focus efforts on identify-
ing PC at earlier stages to prevent PC-related deaths.
Approximately 10% of PC is hereditary due to either
known germline genetic susceptibility and/or family his-
tory of PC. Genes associated with increased PC risk include
hereditary breast cancer genes (BRCAI, BRCA2, ATM,
and PALB2), CDKN2A (familial atypical multiple mole-
melanoma syndrome - FAMMM), Lynch syndrome genes
(MLHI, MSH2/EPCAM, MSH6), STKI1l (Peutz-Jeghers
syndrome), 7P53 (Li-Fraumeni syndrome), and hereditary
pancreatitis genes such as PRSS/ [4]. Additionally there
is increased risk amongst families with familial pancreatic
cancer (FPC), in which there are at least two relatives with
PC who are directly related to one another, with the proband
being a first-degree relative of one of the affected individu-
als, without a known pathogenic germline variant (PGV) in
a PC risk gene. FPC may confer a lifetime PC risk estimate
of up to 20—40% depending on the number of affected first-
degree relatives [4]. In contrast, 90% of PC is considered
sporadic, arising in the absence of both a known genetic
predisposition and a strong family history of PC. High-risk

Fig. 1 Criteria for optimal cancer
surveillance
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sporadic groups include individuals with new-onset diabe-
tes (NoD) diagnosed after age 50. The NoD in this cohort is
thought to be a subclinical sign of existing PC and this risk
is highest within the first three years after diabetes diagno-
sis, conferring an 8-fold higher risk than that of the general
population [5, 6].

Cost-effectiveness analyses

High-risk individuals (HRIs) with either a PGV or FPC are
at increased risk of PC, and results from the American Can-
cer of the Pancreas Screening (CAPS) study showed that
7% had neoplastic progression (either PC or high-grade
dysplasia) over a 16-year period of surveillance [7]. How-
ever, for HRIs there remains debate about the appropriate
surveillance strategy to employ, with uncertainty about the
optimal imaging modality, age to start and stop surveillance,
and surveillance interval [8—11]. For PC surveillance tests
to be considered optimal, they must satisfy the following
criteria: (i) allow for earlier detection of neoplastic lesions
or detection/removal of pre-cancerous lesions, (ii) improve
survival from cancer, (iii) have high sensitivity and specific-
ity, and (iv) cause minimal harm (Fig. 1). Additionally, an
optimal PC surveillance test should also weigh the benefits,
risks and costs of each strategy compared with the current
status quo and ideally be cost-effective.

Cost-effectiveness analyses (CEAs) for cancer surveil-
lance consider the trade-off between the potential health
benefits and the costs of surveillance to another strategy,

Be cost-effective

Detect and
remove pre-
cancerous lesions

Criteria for
Optimal Cancer
Surveillance
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earlier

Discriminate with
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such as no surveillance. Health benefits of surveillance are
typically measured in either (i) life-years gained, the added
years of life from an intervention or (ii) quality-adjusted life
years (QALY's), which integrate the quality of life over time
[12]. We quantify the quality of life based on utility val-
ues, which assign a number between 0 (death) to 1 (perfect
health), with values in between representing various health
conditions [13]. For example, compared to a perfect health
state, receiving a total pancreatectomy would lower the util-
ity value due to factors such as operative risks, impaired
physical functioning, and postoperative diabetes [14].

Most CEAs are measured from a healthcare perspective,
which considers the monetary costs of healthcare, such as
costs of PC surveillance and treatment. In contrast, a soci-
etal perspective incorporates non-healthcare costs such as
the loss of job productivity [15, 16] or the cost of prema-
ture death [17]. Various decision strategies can be compared
using an incremental cost-effectiveness ratio (ICER), which
is a ratio of the difference in costs versus the difference in
QALYs (or life-years) between surveillance (e.g. endo-
scopic ultrasound (EUS) or magnetic resonance imaging
(MRI)) and no surveillance. An intervention is typically
deemed cost-effective when the ICER is below the willing-
ness-to-pay (WTP) threshold, which ranges from $50,000
to $150,000 per QALY gained using World Health Organi-
zation recommendations based on per capita country levels
[18, 19].

Current guidelines and modalities of PC surveillance

In HRIs, PC surveillance has been shown to downstage PC
and substantially prolong survival after PC diagnosis. Spe-
cifically, in the multicenter Cancer of Pancreas Screening
(CAPS)-5 study, the majority of PC diagnosed through the
surveillance program from 2014 to 2021 was downstaged
compared to those not undergoing active surveillance, with
the majority of patients with surveillance detected PCs
being stage 1 (78%) with resectable (89%) cancers [20].
Amongst the full CAPS1-5 cohorts, median survival was
9.8 years for surveillance detected PCs, whereas in contrast,
85% of PC detected outside surveillance were stage IV, with
a median overall survival of 1.5 years [20]. Klatte et al. sim-
ilarly found substantial improvements in resectability, ear-
lier detection, and survival in a surveillance program in the
Netherlands among a cohort of CDKN2A4 PGV carriers [21].

Currently, MRI and EUS are favored imaging modalities
for HRIs undergoing PC surveillance, often as complemen-
tary, interchangeable approaches. MRI is more sensitive for
evaluation of cystic lesions, and EUS is better for detection
of solid lesions [8]. Computerized tomography (CT) scans
are not recommended for surveillance in HRIs given their
lower sensitivity for detection of pancreatic lesions [22]. In

addition to imaging tests, consideration can also be made of
screening HRIs for diabetes annually with either a hemo-
globin Alc or fasting blood glucose given the association
between subclinical PC and NoD [6, 11]. While there has
been extensive research on other blood-based biomarkers
for PC surveillance in HRIs, at this time no such tests are
regularly utilized in clinical practice. In fact, data from the
first commercially available blood test specifically designed
for PC early detection showed unfavorable positive predic-
tive value [23].

Despite the benefits of surveillance, guidelines for sur-
veillance vary depending on the lifetime risk of PC. For
individuals at the highest risk, such as those with FAMMM
or Peutz-Jeghers syndrome, consensus guidelines [8—11,
24] vary some, but typically recommend starting surveil-
lance between ages 30—40. For individuals at moderate
risk, there is more variation in guidelines. For example,
the ASGE recommends that appropriately-aged individuals
with a PALB2, BRCAI, or BRCA2 PGV undergo PC surveil-
lance regardless of family history, while other guidelines
recommend surveillance of these individuals only if they
also have a family history of PC in either a first- or second-
degree relative [9, 10, 25]. In addition to questions about
risk thresholds for surveillance, many of the other inputs to
determine cost-effectiveness, including surveillance inter-
val, age to start surveillance, and costs, are not standardized.

Literature review on cost-effectiveness of PC
surveillance

We conducted a comprehensive literature search in PubMed
to find relevant articles published from database inception
to February 16, 2024. Search terms for HRIs included key-
words related to pancreatic cancer, pancreatic screening,
pancreatic surveillance, and cost-effectiveness analyses.
Search terms for individuals with NoD included additional
keywords related to diabetes. A full list of keywords and
search strategy are provided in Supplementary Table SI.
Additional articles were searched based on relevant cited
and similar articles from the initial search query. Stud-
ies included in this review met the following criteria: (i)
included a study population of individuals at high-risk for
PC (risk associated with familial pancreatic cancer, genetic
predisposition, or NoD) (ii) investigated imaging modalities
for PC surveillance, and (iii) conducted a cost-effectiveness
analysis evaluating both costs and benefits of surveillance.

Cost-effectiveness of PC surveillance in individuals
with familial or genetic risk

We identified eight cost-effectiveness studies of heredi-
tary PC, published between 2002 and 2023 (Table 1). The
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majority were based on data from the United States, and the
rest of the studies came from Japan, Denmark, and the Neth-
erlands. Six out of the eight studies found that surveillance
with either EUS or MRI was cost-effective compared to no
surveillance at WTP of $50,000-$100,000/QALY [26-31].
Two of these studies [26, 32] did not specify their WTP
threshold and surveillance strategies were either completely
dominated (e.g. not cost-effective at any baseline input) or
of minimal cost (e.g. <$50,000/QALY). Most studies [27—
33] (n="7) showed a third party payer perspective compared
to total costs from a societal perspective, and four [27, 28,
30, 32] focused on an annual surveillance exam versus a
one-time exam.

Four studies [26, 27, 29, 32] compared EUS to no surveil-
lance. Joergensen et al. [27] found that from 2006 to 2014,
annual surveillance with EUS was cost-effective at a WTP
0f $50,000/QALY among a real-world cohort with FPC kin-
dreds (baseline age > 50) but not in individuals with a PRSS1
PGV or hereditary pancreatitis kindreds (baseline age > 30),
noting that for the latter group, the analysis would influence
their future prospective cohorts to begin at a baseline age
of 40. These individuals also had higher rates of smoking
than the general population, a known risk factor for PC.
Additionally, two studies that evaluated a one-time surveil-
lance exam with EUS (with possible endoscopic retrograde
cholangiopancreatography (ERCP)) were cost-effective
compared with no surveillance, but base inputs included
high dysplasia rates [26], high lifetime PDAC probabilities
[29], or long survival post-pancreatic resection. In contrast,
Rubenstein et al. [32] concluded that annual surveillance
with EUS or EUS with fine-needle aspiration (FNA) was
not cost-effective in individuals with chronic pancreatitis
and first-degree relatives with PC (20% lifetime PC risk).
Their findings were largely because the annual mortality
rates were similar between PC cases discovered at local
and distant stages, and only at an EUS specificity of 100%
and mortality from local cancer less than 71% would EUS/
FNA be cost-effective [32]. However, given the study was
published in 2007 and the increased survival and improved
stage shifts discovered under surveillance programs recently
[7], it would be reasonable to repeat this analysis with cur-
rent resection and survival rates.

Two studies [30, 31] evaluated MRI surveillance with
optional EUS compared to no surveillance. Peters et al.
[31] evaluated surveillance strategies of MRI (one time,
every 5 years, every 2 years, and annually) with follow-
up EUS for eight separate high risk groups (BRCAI and
BRCA2, PALB2, ATM, Lynch syndrome, TP53, CDKN2A,
and STK 1) and varied their starting ages (40—70 years old).
Overall, one-time MRI or MRI every 2 or 5 years was domi-
nated. For men, at a WTP of $100,000/QALY, annual MRI
surveillance was cost-effective for the high-risk cohorts (RR

@ Springer

12, CDKN2A) starting at age 55 and highest-risk cohorts
(RR 28, STK11) starting at age 40. In contrast for women,
annual MRI surveillance was cost-effective for only the
highest-risk cohort (RR 28, STK/1) starting at age 45. No
surveillance strategies were cost-effective for moderate risk
and low risk individuals (PALB2, BRCAI, BRCA2, Lynch
syndrome, and TP53) and ICERs ranged from $330,000 —
$48.5 million/QALY. Among CDKN2A carriers, Ibrahim et
al. [30] found that MRI surveillance (with optional EUS)
was cost-effective compared to no surveillance at a WTP
of €50,000/QALY among patients with a lifetime risk of
PC>10%.

Two studies compared EUS versus MRI versus no sur-
veillance. Corral et al. [28] found that annual MRI would
be more cost-effective at a WTP of $100,000/QALY when
the relative risk of PC is between 5 and 20 fold higher than
the general population (annual incidence of 0.04% in the
general US population), while EUS would be more cost-
effective at a relative risk of more than 20 or if MRI costs
exceeded $1,600. Kowada et al. [33] evaluated a one-time
surveillance comparing abdominal ultrasound, EUS, CT,
MR, or positron emission tomography (PET) surveillance
for a Japanese population and found that at the base-case
scenario, abdominal ultrasound would be the most cost-
effective approach at a WTP of $50,000/QALY. However,
higher annual PC incidence would alter the choice of sur-
veillance modality, with moderate incidence (0.8—1.6%)
favoring EUS and high incidence (> 1.6%) favoring MRI.
These two studies reached different conclusions favoring
EUS or MRI, in part because the costs of surveillance strat-
egies differed between the two countries. In the US study,
EUS was more expensive, making it more cost-effective
only for the highest-risk groups. In contrast, MRI was more
costly in the Japanese study and cost-effective only in popu-
lations with the highest PC incidence.

Cost-effectiveness of PC surveillance in individuals
with new-onset diabetes

As a comparator we also examined cost-effectiveness analy-
ses of PC surveillance among individuals with NoD, who
are also at increased PC risk [34, 35] (Table 2). Both stud-
ies assumed a stage shift to detection of 30-40% of cancers
in the local, resectable stages after surveillance, similar to
results reported in prospective cohorts of genetically HRIs
who had undergone surveillance [7]. Schwartz et al. [34]
found that a one-time CT scan was cost-effective at a WTP
of $100,000/QALY with a 0.82% probability of PDAC
within the first three years of diabetes diagnosis. Wang et
al. [35] varied risk thresholds of the individuals with NoD
and found that a one-time screen with MRI (and follow-
up EUS/FNA if a positive screen) was cost-effective at
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Table 2 Study characteristics for high-risk individuals with new-onset diabetes undergoing pancreatic cancer surveillance

Threshold analyses

Conclusion (base-case

analysis)

WTP

Surveillance ICER

strategy

Follow-up

Popula- 3-year risk

Population
tion

Country

Study

of PC

source

Minimum threshold
of >25% screen-

$100,000 One-time CT surveillance is

Lifetime No No surveillance: reference
surveillance One-time CT:

>0.5%

Simu-
lated

Age>50,

Us

Schwartz

cost-effective in HRIs with

NoD

HRIs?* with
NoD

etal., 2021

[33]

detected PC cases

$65,076/QALY

One-time
CT

cohort

need to be resectable
for one-time CT scan
to be cost-effective
If>47.6% of PC
cases are local at

One-time surveillance with

$100,000
to

No surveillance: reference

surveillance One-time MRI: Between

One-time

No
MRI

Lifetime

0.5%-5.0%

Age 66, HRIs®  Simu-

US, UK
with NoD

Wang et al.,

MRI (+ EUS/FNA if abnor-

$150,000 mal) for HRIs with NoD is

lated

2022 [34]

time of diagnosis,

$5,407/QALY (5% risk)

cohort

cost-effective at > 1% 3-year one-time MRI for

to $290,132/QALY (0.5%

risk)

risk if WTP is $150,000 and > 0.5% 3-year risk is
at >2% 3-year risk if WTP is  cost-effective

$100,000
new-onset diabetes; QALY

fine-needle aspiration

quality-adjusted life year;

=willingness to pay threshold; HRIs=high-risk individuals; NoD =

Abbreviations: ICER =incremental cost-effectiveness ratio; WTP

=endoscopic ultrasound; FNA

magnetic resonance imaging; EUS

*Enriching New-Onset Diabetes for Pancreatic Cancer (END-PAC) score >0

"Based on The Health Improvement Network (THIN) and END-PAC scores

=pancreatic cancer; MRI

computerized tomography; PC

CT=

1% (WTP $150,000/QALY) and 2% risk thresholds (WTP
$100,000/QALY). Of note, the reported risk necessary for a
one-time surveillance exam to be cost-effective among the
NoD cohort was lower compared to the risk threshold nec-
essary for surveillance to be cost-effective among genetic
or familial HRIs, likely reflecting the concentrated risk of
PC within the first three years of a diabetes diagnosis rather
than a lifetime risk among individuals in the latter group.

Areas of uncertainty and future directions

While most studies found that PC surveillance could be cost-
effective, the risk thresholds identified for the surveillance
to be cost-effective were often higher (e.g. >16% preva-
lence of dysplasia on an EUS in the surveillance population
or > 10% lifetime risk of PC) than some of the reported life-
time risks for various moderate PC risk PGVs (e.g. BRCAI,
BRCA2, ATM, PALB2, Lynch syndrome). This suggests that
surveillance would only be appropriate and cost-effective
for select high-risk groups and not all PGV/familial groups
at risk for hereditary PC. Additionally, one study [31] firmly
concluded that surveillance was not cost-effective in mod-
erate risk groups. Given the heterogeneity of risk among
HRIs, cost—effectiveness analyses offer a way to personal-
ize surveillance: at the highest risk such as individuals with
FAMMM (CDKN2A4) or Peutz-Jeghers syndrome (STK/1),
it would be conceivable to conduct surveillance more fre-
quently using more costly methods, while individuals at
lower risk could potentially have longer surveillance inter-
vals or utilize less costly, but also less sensitive surveillance
methods, depending on their level of PC risk. For individu-
als with NoD, it is conceivable for a one-time surveillance
for PC to be sufficient given the concentrated risk within 3
years of the diabetes diagnosis.

Furthermore, the optimal modality and frequency of sur-
veillance remains to be determined. In the future, there need
to be more direct comparisons between EUS and MRI to
nuance surveillance decisions more appropriately given the
decreasing costs and increasing performance of imaging. Of
note, the studies did not uniformly explore the consequences
of increased surveillance that could result in increased false
positives and the potential resulting downstream procedures
such as pancreatectomy or a Whipple procedure, which
have their own disutility and associated mortality. Similarly,
surveillance could also trigger the detection and subsequent
removal of precancerous lesions such as cysts with high
grade dysplasia, decreasing risk of PC rather than stage
shifting to earlier cancer stages.

To build the most current cost-effectiveness analyses, we
also need to update the models with ongoing surveillance
data from prospective surveillance cohorts such as CAPS-5
[20] and European cohorts [21], to provide real-world data
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regarding the incident cancers detected, stage shift, and
survival. We also need to stratify these results by HRI syn-
drome given the heterogeneity of PC risk.

To our knowledge, this is the first review of cost-effec-
tiveness studies on hereditary pancreatic cancer. Given the
scarcity of studies, we chose to report all published manu-
scripts on this topic. Nevertheless, we acknowledge that
there was heterogeneity in the inputs such as differences in
WTP thresholds, surveillance techniques, costs, probabili-
ties, and utilities among the studies. As more of these cost-
effectiveness analyses are published, future reviews can
choose to be more discriminatory based on the quality and
standardization of the inputs.

Historically, countries such as the United Kingdom and
Germany have routinely used cost thresholds to help guide
coverage of services and reimbursements. However, cost-
effectiveness analyses are not routinely part of the deci-
sion-making process for medical goods and services in the
United States, in part because of the negative societal views
about the distribution of resources, multi-payer system with
many stakeholders, and abstract nature of these analyses.
However, given the rising costs of healthcare, it may be
reasonable to consider using cost-effectiveness analyses to
best focus the implementation of our surveillance strategies
on the greatest good for the greatest number of individuals
[36].

Conclusion

In this literature review, we highlight existing published
manuscripts that evaluate the cost-effectiveness of PC sur-
veillance among genetic or familial HRIs and compared
these studies with the existing literature on CEAs for indi-
viduals with NoD. Most of the studies that evaluated sur-
veillance in HRIs found either EUS, MRI, or both had the
potential to be cost-effective compared to no surveillance.
However, some of the risk thresholds chosen suggest sur-
veillance might only be cost-effective in select PGV/famil-
ial groups with high lifetime risk (e.g. >10% or RR>12).
The most important inputs included a high lifetime risk of
PC or pancreatic dysplasia, high life expectancy post-pan-
creatic resection, or performance characteristics of the sur-
veillance test. When directly comparing EUS and MRI and
other surveillance modalities, no surveillance strategy was
dominant and the imaging strategy of choice depended on
the risk of PC and cost of the surveillance strategy, which
varied globally. Future cost-effectiveness studies are needed
to compare the cost-effectiveness of EUS and MRI as sur-
veillance strategies in prospective cohorts with stratified PC
risk, incorporating dynamic changes to the costs and test
performance over time.
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