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Abstract

Screening for pancreatic cancer (PC) in high-risk groups aimed to detect early cancers is currently done only in the research
setting, and data on psychological outcomes of screening in these populations is scarce. To determine the psychological
impact of a national Australian pancreatic screening program, a prospective study was conducted using validated psychologi-
cal measures: impact of events scale (IES), psychological consequences questionnaire (PCQ) and the cancer worry scale.
Measures were administered at baseline, 1-month and at 1-year post-enrolment and correlations with abnormal endoscopic
ultrasound (EUS) results were calculated. Over a 6-year period, 102 participants were recruited to the screening program.
Thirty-nine patients (38.2%) had an abnormal endoscopic ultrasound, and two patients (2.0%) were diagnosed with PC and
two with other malignancies. Those with a personal history of cancer or a positive BRCA2 mutation demonstrated signifi-
cantly increased worry about developing other types of cancer at baseline (p <0.01). Irrespective of EUS result, there was
a significant decrease of total IES score at 1 year (Z=—-2.0, p=0.041). In patients with abnormal EUS results, there was a
decrease in the total IES score at 1 year (Z=-2.5, p=0.011). In participants deemed to be most distressed at baseline based
on their negative PCQ score, there was a significant decrease of the total PCQ (Z=-3.2, p=0.001), emotional (Z=-3.0,
p=0.001), social (Z=3.0, p=0.001) and physical (Z=-2.8, p=0.002) subscale at 1-year post-intervention. This study
provides evidence of the long-term psychological benefits of PC screening in high-risk patients. There was no negative impact
of screening in the short-term and the positive benefits appeared at 1-year post-intervention irrespective of screening result.
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questionnaire

In contrast to declining cancer related deaths for colorectal,
breast and prostate cancer, it is projected that PC will be the

Background

Worldwide, pancreatic cancer (PC) is one of the most com-
mon lethal malignancies, being the third most common
cause of cancer-related death among men and women [1].
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second most common cause of cancer death by 2030 [2].
The median age of diagnosis is 71 years and the 5-year sur-
vival rate is only 8% [1, 3]. The poor prognosis is due to the
asymptomatic nature of early PC, with approximately 70%
of patients presenting with locally advanced of metastatic
disease [4].

About 5-10% of PC results from familial aggregation
and/or genetic susceptibility, referred to as familial PC and
hereditary PC syndromes respectively [5]. Individuals from
these families are considered at high risk of developing PC
and screening programs target these individuals aiming to
detect PC at an early resectable stage.
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Familial pancreatic cancer

Families with familial PC are people with two or more first-
degree relatives (FDR) with PC in the absence of a known
cancer syndrome [6]. Prospective studies have demonstrated
an increased risk of PC in asymptomatic family members
related to the number of affected family members. In one
meta-analysis, having one affected relative increased overall
risk by 1.8 [7]. Having two first-degree relatives with PC
confers a 6.4 greater risk (lifetime risk 8-12%) and 3 FDRs
a 32-times greater risk (lifetime risk 16-32%) [6, 8, 9].

Hereditary syndromes

Hereditary syndromes have a known genetic defect, and the
risk of developing PC depends upon the specific genetic
abnormality. Hereditary syndromes with increased PC risk
include Peutz—Jeghers syndrome (PJS), Hereditary breast
and/or ovarian cancer syndrome (HBOC), familial atypical
multiple mole melanoma (FAMMM), hereditary pancreatitis
and lynch syndrome [10-19].

Role of surveillance

Ideally, a successful screening program would detect small
asymptomatic PC and high-grade dysplastic lesions ame-
nable for curative resection with the aim of reducing pan-
creas-related mortality. Given the low incidence of PC in
the general population (lifetime risk of about 1.3%), it is not
recommended nor feasible to undertake a broad screening
program for PC [11]. The International Cancer of the Pan-
creas Screening (CAPS) Consortium was formed in 2012
to help organise global screening for PC in high-risk indi-
viduals and recommends surveillance in individuals with a
lifetime risk of PC of 5% or more. The rationale of screening
asymptomatic high-risk individuals is to diagnose precursor
lesions or early PC when still resectable and, hence, poten-
tially curable and thus improve survival. A Japanese study
showed a 100% 1-year survival in 79 patients with tumour
sizes less than 1 cm undergoing curative resection [20].

A systematic review showed that screening in familial
high-risk individuals led to a higher diagnostic rate of pan-
creatic tumours than in controls (34% vs 7.2%, p<0.001)
[21]. This review showed that PC screening resulted in a
significantly higher curative resection rate (60% vs. 25%,
p=0.001) and a significantly longer median survival time
(14.5 month vs. 4 months, p<0.001), although the 3-year
survival rate was not significantly longer (20% vs. 15%
p=0.624).
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Screening modalities

Endoscopic ultrasound (EUS) and/or magnetic resonance
imaging (MRI)/magnetic resonance cholangiopancreatog-
raphy (MRCP) are the methods of choice for screening.
EUS has been shown to be superior to MRI in these high
risk groups, the overall yield for detecting premalignant and
malignant lesions using EUS is 20% and using MRI/MRCP
is 14% [22]. EUS performs better for small solid lesions
and MRI for cystic lesions. EUS has been shown to be a
clinically useful modality to diagnose pancreatic adenocar-
cinoma with a sensitivity of 91%, specificity of 86% and
diagnostic accuracy of 89% [23]. EUS fine needle aspiration
(FNA) allows cytological sampling of abnormal areas and
has an accuracy of 92% for PC [24].

Psychological impact of screening

While the evidence is mounting that PC screening programs
detect early lesions and improves at least short-term sur-
vival, there is not enough data yet to show that screening
improves long term survival and thus screening is performed
in a research setting. Given that these patients are undertak-
ing screening while asymptomatic and have had relatives
die from PC, there is a real risk that the process itself may
cause emotional and psychological distress, as demonstrated
by Breitkopf et al., who showed that HRI had a higher per-
ceived risk of PC and high levels of anxiety associated with
PC risk during the screening period [25]. The aim of this
study is to determine the short- and long-term psychologi-
cal impact of screening in participants in a prospective PC
screening study using standardised validated psychological
testing.

Methods
Participants

Eligible participants were enrolled in the Australian PC
Screening study for high-risk individuals performed at St
Vincent’s Hospital in Sydney, Australia which had started
in 2011. The study was approved by St Vincent’s Hospital
Ethics Committee (HREC/10/SVH/33). The participants
were asymptomatic, did not have a personal history of PC
and met criteria for being a high-risk individual (“Appen-
dix”). Participants were referred by Family Cancer Clinics,
the Australian Familial PC Registry, medical practitioners
or participants had self-referred.
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Screening protocol

Once their eligibility was confirmed, at enrolment par-
ticipants were mailed demographic, medical history and
psychological questionnaires including the Cancer Worry
Scale, Impact of Event and Psychological Consequences
Questionnaire. These were returned using reply paid envel-
oped together with the consent form. Then the participants
underwent genetic counselling with a geneticist and/or an
accredited genetic counsellor in Family Cancer Clinics
across Australia. The topics covered by the familial cancer
clinics included verification of family history, assessment of
the individual risk for PC, psychosocial issues related to par-
ticipation and undergoing genetic testing where appropriate.

The screening intervention was an EUS, which was per-
formed by either one of two experienced gastroenterologists
with expertise in EUS. Allocation of appointments was
purely determined on scheduling availability. All procedures
were performed under sedation at St Vincent’s Hospital in
Sydney. To determine the short- and long-term psychologi-
cal impact of screening, two psychological questionnaires,
the Impact of Event Scale (IES) and Psychological Con-
sequences Questionnaire (PCQ), were also administered at
1-month post-EUS and 1-year post EUS by mail. Research
bloods were also collected from each patient. Patients with-
out any pancreatic abnormalities or non-concerning fea-
tures on their EUS, were scheduled for annual surveillance.
Patients who had abnormal EUS findings were scheduled to
have more frequent EUS (either 3 or 6 monthly depending
upon level of clinical concern) and additional imaging with
an MRI, or surgery if deemed appropriate. The abnormal
results were discussed in Multidisciplinary Meeting (MDT).

Measures

Baseline demographics were collected including gender,
age, ethnicity and screening indication. The validated meas-
ures, which were utilised to assess the psychological impact
of screening are described below.

Impact of event scale

This 15-item scale measures anxiety responses in relation to
a specific stressor and has well documented psychometric
properties [26, 27]. In our study, the particular stressor was
concern about being at risk for developing PC. Participants
were asked to rate symptoms of anxiety (for example, ‘I
had strong waves of feelings about being at risk for PC)
on a scale ranging from ‘Not at all’ to ‘Often’. The scale
was included because being at risk for PC may constitute a
traumatic stressor by some individuals, thereby giving rise
to intrusive and avoidant thoughts. The scale consists of the
Intrusion subscale (range O to 35 scores) and Avoidance

subscale (range 0 to 40). A score of 40 or higher on the
Impact of Event scale is considered to be strongly predictive
of a significant stress response syndrome [28].

Psychological consequences questionnaire

The PCQ is a validated questionnaire that specifically meas-
ures the psychological impact of screening. This measure
was selected on the basis that it was designed specifically
to measure the psychological consequences specific to the
cancer screening process [29]. The measure aims to detect
the psychological (positive and negative) consequences and
any long term-changes, which might be the result of attend-
ing screening. This measure looks at the effect on major
life dimensions: physical, emotional and social impact. Each
subscale is divided into quartiles, where the bottom 25%
indicates no or minimal dysfunction. The second, third and
fourth quartile indicate mild, moderate and marked distur-
bance respectively [29].

Cancer worry scale

Cancer worry scale was administered at baseline only to
assess level of PC worry and the worry of developing other
cancers using the questions “How worried are you that you
may develop PC?” and “How worried are you that you may
develop another type of cancer?” [30]. Response options
ranged from 1 =not at all worried to 5 =extremely worried.

Statistical analyses

Data analysis was performed using IBM SPSS Statistics for
Windows (Version 25.0. Armonk, NY).All dichotomous
variables were presented as numbers and percentages,
and continuous variables as either mean (standard devia-
tion) or median (interquartile range). Statistical differences
between patients with a normal and abnormal EUS were
calculated using a Fisher’s exact test for discrete variables
and a Mann—Whitney U Test for continuous variables. Vari-
ables assessed for statistical differences in EUS included
age, gender, BRCA2 status, youngest age of familial PC
diagnosis, personal cancer history and the number of FDRs
and SDRs diagnosed with PC. Sub-analyses on the demo-
graphic data were carried out by splitting the data based on
the variable of interest and statistical analysis was conducted
using the aforementioned approach of Fisher’s exact test and
the Mann—Whitney U test. Wilcoxon signed-rank tests were
conducted to test for changes of avoidance, intrusion, total
IES scores, positive and negative PCQ subscale scores over
time. Sub-analyses by EUS, gender and BRCA?2 status were
conducted by firstly splitting the data using the variable of
interest, then carrying out the Wilcoxon signed-rank test on
the split data.
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A quartile sub-analyses was carried out for the PCQ.
The initial data (pre-intervention for negative consequence
and at 1-month for positive consequences) was binned into
4 quartiles, and then subsequently, each quartile was ana-
lysed separately using a Wilcoxon signed-rank test. For all
analyses, a two-tailed p value less than 0.05 was considered
significant. A Spearman’s rho was used to calculate correla-
tions between age of participants and the negative as well as
positive PCQ scores.

Results
Study cohort demographics

Between 2011 and March 2017, 102 individuals completed
pre-screening assessments. Nighty (88.2%) and 86 (84.3%)
completed the 30 day and 1-year questionnaires respectively.
Eighty-nine (87.3%) participants were Caucasian, 12 Jewish
White/Caucasian and one Asian. The major indications for
screening were familial PC (n=79), BRCA 2 mutations with
a family history (n=22) and PJS (n=1). Seventeen (16.7%)
patients self-reported current or previous depression. Twenty
patients (19.6%) had a personal history of cancer; 14 breast
cancer, two melanoma, one thyroid, prostate, liver and brain.
Table 1 shows demographic and medical characteristics for
the total cohort and separately for those with a normal and
abnormal EUS.

Abnormal EUS results demographics

Thirty-nine participants received abnormal EUS test
results, which required more intensive screening. Of those
who had abnormal findings, two had confirmed pancreatic
malignancy (one pancreatic adenocarcinoma and one pan-
creatic neuroendocrine tumour). They went onto have suc-
cessful resection. Two other extra-pancreatic cancers were
found as part of the screening program (one liver cancer
and one breast cancer). The liver cancer was detected on
EUS and the breast cancer on MRI pancreas. The rest of
the EUS abnormalities included cysts, branch duct IPMN
or diffuse pancreatic abnormalities without a mass that did
not meet criteria to proceed to surgery.

Patients who had an abnormal EUS had a median
age of 58 and 23 (59%) were female. Twenty-eight HRI
were screened due to FPC, and eleven (30.0%) because
of BRCA2 mutations with a family history of PC. Ten
(25.6%) of patients with an abnormal EUS had a personal
history of cancer. Patients with an abnormal EUS had a
median age 58.0 (IQR 53.0-64.0 compared to those with
anormal EUS; median age 55.0 (49.0-61.0), this was not
statistically significant, p=0.097). The median age of
familial PC diagnosis was 50.0 (IQR 44.0-66.0) and 60.0
(IQR 44.0-68.0) for those with a normal and abnormal
EUS respectively, p=0.546.

Table 1 Pancreatic screening program baseline demographics and medical characteristics

Total cohort (n=102) Normal EUS (n=63) Abnormal EUS (n=39) p value
Age (years), median (IQR) 55.5 (50.8-62.3) 55.0 (49.0-61.0) 58.0 (53.0-64.0) 0.097
Youngest familial pancreatic cancer diagnosis (years), 53.0 (44.0-66.0) 50.0 (44.0-66.0) 60.0 (44.0-68.0) 0.546
median (IQR)
Gender, n (%) 0.125
Male 32 (31.4) 16 (25.4) 16 (41.0)
Female 70 (68.6) 47 (74.6) 23 (59.0)
BRCA2 positive, n (%) 22 (21.6) 11 (17.5) 11 (28.2) 0.223
Second-degree relatives with pancreatic cancer, n (%) 66 (64.7) 40 (63.4) 26 (66.7) 0.832
0 36 (35.3) 23 (36.5) 13 (33.3)
1 30 (29.4) 14 (22.2) 16 (41.0)
2 20 (19.6) 15 (23.8) 5(12.8)
3 12 (11.8) 7(11.1) 5(12.8)
4 4(3.9) 4(6.3) 0(0.0)
First-degree relative with pancreatic cancer, n (%) 99 (97.1) 56 (95.2) 39 (100.0) 0.285
0 3(2.9) 3(4.8) 0(0.0)
1 58 (56.9) 35 (55.6) 23 (59.0)
2 30 (29.4) 17 (27.0) 13 (33.3)
3 11 (10.8) 8 (12.7) 3(7.7)
Personal cancer history, n (%) 20 (19.6) 10 (15.9) 10 (25.6) 0.305

EUS endoscopic ultrasound
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Baseline cancer worry scores

Cancer worry scores were assessed at baseline. For all
patients, the median baseline cancer worry score for devel-
oping PC was 3 (IQR 3-4) and other cancer types it was 3
(IQR 2-4). Patients with a normal EUS at baseline had a
median PC worry score of 3 (IQR 3—-4), whereas for other
cancer types it was 3 (IQR 2-4). Participants who were
BRCA?2 mutation carriers had a median baseline cancer
worry score for developing PC of 3 (IQR 3—-4) compared to
a median score of 3 (IQR 3—4) for those that did not carry a
mutation, p=0.943. When it came to worry about develop-
ing other cancers, BRCA?2 mutation carriers had a median
score of 4 (IQR 3—-4), compared to those who were not car-
rier (median 3, IQR 2-3). This result was statistically sig-
nificant, Z=-3.0, p=0.003.

Those with a personal history of cancer had a median
worry score for developing PC of 3 (IQR 3-4) juxtaposed
to their counterparts with no personal history of cancer who
had a median worry score of 3 [3, 4], which was not sta-
tistically significant, p=0.385. Interestingly, those with a
personal history of cancer had a higher median worry score
for developing other cancers of 3.5 (IQR 3—4) compared to
their counterparts who had a median score of 3 (IQR 2-3),
p=0.009 (Supplementary Table 1).

Impact of event scale scores
Entire cohort analysis

Pre-intervention to 1-month The avoidance IES scores did
not differ significantly from pre-intervention (Mean=35.3,
SD=5.9) to 1 month (mean=4.6, SD=5.5) (Z=-0.97,
p=0.328). Similarly, the intrusion IES subscale did not
differ significantly from pre-intervention (Mean=4.4,
SD=4.5) to 1 month for the entire cohort (Mean=3.8,
SD=4.2) (Z=-1.3, p=0.20). Analysis of total IES scores
from pre-intervention (Mean=9.7, SD=9.8) to 1-Month
(Mean=38.5, SD=8.9) did not demonstrate a significant
decrease (Z=—-1.2, p=0.22).

Pre-intervention to 1-year The total IES score decreased
significantly at 1 year (Mean="7.7, SD=8.6), compared
to pre-intervention (Mean=9.7, SD=9.8) (Z=-2.0,

p=0.041), as seen in Table 2. Similarly, the intrusion sub-
scale scores decreased significantly at 1 year (Mean=3.3,
SD=3.7), compared to pre-intervention (Mean=4.4,
SD=4.5) (Z=2.1, p=0.038). There were no significant
changes relating to any of the other subscales.

Sub-analysis by EUS status

Pre-intervention to 1-month There was no significant dif-
ference between pre-intervention and 1-month in avoidance-
(Z=-0.5, p=0.621), intrusion-(Z=-0.9, p=0.368) and
total impact scores (Z=—0.7, p=0.473) in those with a nor-
mal EUS. This was similar in those with an abnormal EUS
for the intrusion (Z=-0.9, p=0.400), avoidance (Z=-0.9,
p=0.378) and total impact scores (Z=—-0.8, p=0.410).

Pre-intervention to 1-year In those participants with an
abnormal EUS, intrusion subscale scores were significantly
lower at 1 year (Mean=2.2, SD=2.4) compared to pre-
intervention (Mean=4.6, SD=5.0) (Z=-2.4, p=0.013),
this is demonstrated in Table 3. This was similar for the
avoidance subscale, where IES scores were significantly less
at 1 year (Mean=3.4, SD=4.4), compared to pre-interven-
tion (Mean=5.6, SD=6.3) (Z=-2.2, p=0.025) in those
with an abnormal EUS. The mean IES total scale score at
1 year (Mean=35.7, SD =6.2) was significantly less in those
with an abnormal EUS compared to scores at pre-inter-
vention (Mean=10.3, SD=10.4) (Z=-2.5, p=0.011).
There was no significant difference in intrusion (Z=-0.8,
p=0.442), avoidance (Z=-0.6, p=0.582) or total IES
score (Z=-0.7, p=0.469) between pre-intervention and
1 year in patients within the normal EUS group.

Sub-analysis by gender

Pre-intervention to 1 month There were no signifi-
cant decrease in intrusion (Z=-0.4, p=0.726), avoid-
ance (Z=-0.1, p=0.915) and total IES subscale scores
(Z=-0.2, p=0.850) for males from pre-intervention
to 1 Month. This was similar for females in the intrusion
(Z=-0.9, p=0.400), avoidance (Z=-0.9, p=0.378) and
total IES scores (Z=—-0.8, p=0.410).

Table 2 Change in mean IES

for total EUS cohort Pre-intervention 1 Month 1 Year
Mean (SD) Mean (SD) Z pvalue Mean(SD) Z p value
Intrusion subscale 4.4 (4.5) 3.84.2) -1.3 0.199 3.3(3.7) —-2.1 0.038%
Avoidance subscale 5.3 (5.9) 4.6 (5.5) -1.0 0.328 4.4 (5.4) —-1.8 0.080
Total scale 9.7 (9.8) 8.5(8.9) -12 0216 7.7 (8.6) —-2.0 0.041*

*Denotes statistical significance; IES =Impact of Events Scale; EUS =endoscopic ultrasound
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Table 3 Change in mean IES for normal and abnormal EUS between pre-intervention and 1 year

Normal EUS Abnormal EUS

Pre-intervention 1 Year Pre-intervention 1 Year

Mean (SD) Mean (SD) Z p value Mean (SD) Mean (SD) Z p value
Intrusion subscale 4.3 (4.2) 4.14.2) -0.8 0.442 4.6 (5.0) 2.22.4) -24 0.013*
Avoidance subscale 5.1(5.7) 5.0 (6.0) -0.6 0.582 5.6 (6.3) 3444 -22 0.025*
Total scale 9.4 (9.4) 9.1 (9.8) -0.7 0.469 10.3 (10.4) 5.7(6.2) -25 0.011*

*Denotes statistical significance

IES impact of events scale, EUS endoscopic ultrasound

Pre-intervention to 1 year For the female patient cohort
there was a reduction in intrusion subscale scores from pre-
intervention (Mean=4.5, SD=4.5) to 1 year (Mean=3.3,
SD=3.5) (Z=-2.2, p=0.026) as shown in Table 4. There
was also a significant reduction in the avoidance subscale
from (Mean=5.6, SD=6.0) at pre-intervention to 1 year
(Mean=4.1, SD=5.3) (Z=-2.1, p=0.039). Similarly,
there was a decrease in the total score from pre-intervention
(Mean=10.1, SD=9.9) to 1 year (Mean=7.4, SD=8.1)
(Z=-2.2, p=0.030). There was no significant change
in intrusion (Z=-0.4, p=0.697), avoidance (Z=-0.6,
p=0.965), or total score (Z=-0.2, p=0.882) between pre-
intervention to 1 year for the male cohort.

Sub-analysis by personal history of cancer

Pre-intervention to 1 month There were no signifi-
cant decreases in intrusion (Z=-0.6, p=0.577), avoid-
ance (Z=-1.3, p=0.220) and total IES subscale scores
(Z=-1.0, p=0.349) in those with a personal history of
cancer at 1 month compared to pre-intervention. Those
without a personal history of cancer also demonstrated
no significant decrease in intrusion (Z=-0.6, p=0.577),
avoidance (Z=-1.3, p=0.220) and total IES subscale
scores (Z=-—1.0, p=0.349) at 1 month compared to pre-
intervention.

Pre-intervention to 1 year Participants with a personal his-
tory of cancer demonstrated a decrease in their total IES score
from pre-intervention (Mean=12.6, SD=10.8) to 1-year
post EUS (Mean=6.8, SD=6.0) (Z=-2.4, p=0.012)
(Table 5). Similarly, there was a decrease in intrusion sub-
scale scores from pre-intervention (Mean=5.2, SD=5.1)
to l-year post EUS (Mean=2.4, SD=2.3) (Z=-2.3,
p=0.022). There was no significant decrease in intrusion
(Z=-1.3, p=0.194), avoidance (Z=-0.9, p=0.378) and
total scale IES score (Z=—1.2, p=0.254) in those with no
history of cancer at 1 year compared to pre-intervention.

Psychological consequences scores
Entire cohort analysis

The total negative PCQ (NPCQ) score (Z=-0.2, p=0.987),
and emotional (Z=-0.2, p=0.809), physical (Z=-0.4,
p=0.664) and social (Z=-0.5, p=0.609) subset scores
did not differ significantly at 1 month compared to pre-
intervention. The total NPCQ score (Z=-0.6, p=0.550),
emotional (Z=-0.9, p=0.353), physical (Z=-0.5,
p=0.617) and social (Z=-0.4, p=0.713) subset scores
at 1 year compared to pre-intervention did not differ sig-
nificantly (Supplementary Table 2). The total Positive PCQ
(PPCQ) score (Z=-0.4, p=0.637 as well as emotional
(Z=-1.2, p=0.243), physical (Z=-0.5, p=0.647) and

Table 4 Change in mean IES for males and females between pre-intervention and 1 year

Male Female

Pre-intervention 1 Year Pre-intervention 1 Year

Mean (SD) Mean (SD) Z p value Mean (SD) Mean (SD) Z p value
Intrusion subscale 4.1 (4.4) 344.3) -04 0.697 4.5 (4.5) 3.3(@3.5) -22 0.026*
Avoidance subscale 4.8 (5.5) 5.0(5.9) -0.6 0.965 5.6 (6.0) 4.1 (5.3) -2.1 0.039*
Total scale 8.9 (9.5) 8.4(9.9) -0.2 0.882 10.1 (9.9) 7.4 (8.1) -2.2 0.030*

*Denotes statistical significance

IES impact of events scale, EUS endoscopic ultrasound
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Table 5 Change in mean IES based on personal history of cancer at pre-intervention and 1 year

No personal history of cancer

Personal history of cancer

Pre-intervention 1 Year Pre-intervention 1 Year

Mean (SD) Mean (SD) Z p value Mean (SD) Mean (SD) Z p value
Intrusion subscale 4.2 (4.3) 3.6 (4.0) -13 0.194 5.2(5.1) 2.4 (2.3) -2.3 0.022%
Avoidance SUBSCALE 4.8 (5.6) 4.4(5.7) -0.9 0.378 7.4 (6.6) 4.4 (4.5) -19 0.057
Total scale 9.1 (9.4) 7.9 (9.2) -1.2 0.254 12.6 (10.8) 6.8 (6.0) -2.4 0.012%*

*Denotes statistical significance

IES impact of events scale, EUS endoscopic ultrasound

social (Z=—-0.4, p=0.687) subset scores did not differ sig-
nificantly at 1 year compared to 1 month (Supplementary
Table 3).

Sub-analysis by gender

There was no significant difference between pre-intervention
to 1-month for the negative emotional (Z=-0.3, p=0.779),
physical (Z=-0.2, p=0.938), social (Z=-0.6, p=0.592)
subscales scores, and total NPCQ score (Z=-0.4,
p=0.719) for males. This was similar for females, where
there was no significant change in emotional (Z=-0.4,
p=0.674), physical (Z=-0.7, p=0.536), social (Z=-0.2,
p=0.845) and total NPCQ score (Z=-0.1, p=0.896) from
pre-intervention to 1 month post screening EUS. Analysis of
males NPCQ at 1 year compared to preintervention demon-
strated no significant difference in the emotional (Z=—0.6,
p=0.552), physical (Z=-0.9, p=0.516), social (Z=-1.2,
p=0.273) and total NPCQ scores (Z=-1.0, p=0.349).
This was also demonstrated in the female population, where
there was no significant change at 1 year compared to pre-
intervention in the emotional (Z=— 1.5, p=0.146), physi-
cal (Z=-1.0, p=0.349), social (Z=-1.3, p=0.204) and
total NPCQ score (Z=-1.3, p=0.190) (Supplementary
Table 4-5).

Similarly, there was no difference between 1-month and
1 year for total (Z=-0.5 p=0.659) emotional (Z=-0.3
p=0.800), physical (Z=-0.9, p=0.389) and social
(Z=-0.5, p=0.672) positive PCQ subscales in the males.
In females, there was no significant change in total PPCQ
score at 1 year compared to 1 month (Z=-0.3, p=0.764),
emotional (Z=-1.1, p=0.267), physical (Z=-1.2,
p=0.226) and social (Z=-0.7, p=0.487) subscales (Sup-
plementary Table 6).

Sub-analysis by BRCA2 status
There was no significant difference in emotional (Z=-0.9,

p=0.359), physical (Z=-0.3, p=0.770), social (Z=-0.2,
p=0.874) and total NPCQ (Z=-0.4, p=0.686) scores at

1 month compared to pre-intervention in those with a nega-
tive BRCA2 genetic screen. This was similar for 1 year com-
pared to pre-intervention, where there was no significant
difference in the emotional (Z=-0.9, p=0.385), physical
(Z=-0.8,p=0.412), social (Z=-0.6, p=0.575) and total
NPCQ scores (Z=-0.6, p=0.527).

In those with a positive BRCA?2 genetic screen, there was
no significant difference in emotional (Z=—1.0, p=0.346),
physical (Z=-0.4, p=0.875), social (Z=-1.7, p=0.133)
and total NPCQ scores (Z=-0.8, p=0.425) at 1 month
compared to pre-intervention. This was similar at 1 year
compared to pre-intervention, where there was no signifi-
cant change in emotional (Z=-0.4, p=0.773), physical
(Z=-0.4, p=0.750), social (Z=-0.3, p=0.844) and total
NPCQ scores (Z=-0.2, p=0.867). In those with a nega-
tive BRCAZ2 genetic screen, there was no significant change
in emotional (Z=-1.2, p=0.240), physical (Z=-0.4,
p=0.673), social (Z=-0.1, p=0.890) and total PPCQ
scores (Z=—0.6, p=0.555) at 1 year compared to 1 month.
This was similar for those with a positive BRCA2 genetic
screen, where there was no significant change in emotional
(Z=-0.4, p=0.750), physical (Z=-0.4, p=0.734), social
(Z=-0.6, p=0.625), and total PPCQ score (Z=-0.1,
p=0.924) at 1 year compared to 1 month (Supplementary
Table 7-9).

Sub-analysis by EUS status

There was no significant difference in emotional (Z=-1.1,
p=0.284), physical (Z=-0.5, p=0.652), social (Z=-0.4,
p=0.717) and total NPCQ score (Z=-0.4, p=0.715) at
1 month compared to pre-intervention in those with a normal
EUS. This was similar for those with an abnormal EUS with
there being no significant change in emotional (Z=-10.6,
p=0.556), physical (Z=-0.1, p=0.994), social (Z=-0.3,
p=0.758) and total NPCQ score (Z=-0.3, p=0.756) at
1 month compared to pre-intervention. Furthermore, at
1 year compared to pre-intervention, there was no signifi-
cant different in emotional (Z=-0.9, p=0.367), physical
(Z=-0.5,p=0.666), social (Z=-0.1, p=0.899) and total
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NPCQ score (Z=-0.7, p=0.491) in those with a normal
EUS. In those with an abnormal EUS, at 1 year there was
no significant difference in emotional (Z=-0.4, p=0.702),
physical (Z=-0.2, p=0.858, social (Z=-0.3, p=0.775)
and total NPCQ scores (Z=-0.3, p=0.774) compared to
pre-intervention (Supplementary Table 10—11).

There was no significant difference in emotional
(Z=-1.6, p=0.110), physical (Z=-0.4, p=0.720), social
(Z=-1.0, p=0.318) and total PPCQ score (Z=-0.6,
p=0.546) at 1 year compared to 1 month in those with a nor-
mal EUS. This was similar for those with an abnormal EUS,
where no significant difference was detected in the emo-
tional (Z=-0.2, p=0.817), physical (Z=-0.2, p=0.859),
social (Z=-0.6, p=0.560) and total PPCQ scores (Z=0,
p=0.976) at 1 year compared to 1 month (Supplementary
Table 12).

Sub-analysis by quartile (negative psychological
consequences)

All patients were divided into 4-quartiles based on their
pre-intervention NPCQ score. Those with the lowest score
were in the 1st quartile, whereas those with the highest score
were in the 4th quartile. In quartile 4 participants, there
was a significant reduction in total NPCQ score from pre-
intervention (Mean=13.5, SD=4.8) compared to 1 month
(Mean=7.3, SD=5.5) (Z=-2.4, p=0.013), and 1 year
(Mean=4.4, SD=4.9) (Z=-3.2 p=0.001). At 1 month,
a reduction in the emotional subscale from pre-intervention
(Mean=7.0, SD=2.4) to 1 month (Mean=3.7, SD=2.7)

was noted (Z=-2.8, p=0.002). At 1 year the reduction
in scores within the quartile 4 group was reflected across
all 3 subscales. The emotional subscale reduced from pre-
intervention (Mean="7.0, SD=2.4) to 1 year (Mean=2.7,
SD=2.8) (Z=-3.0, p=0.001). Similarly, the physical sub-
scale reduced from pre-intervention (Mean=3.0, SD=1.8)
to 1 year Mean=1.0, SD=1.8) (Z=-2.8, p=0.002).
The social subscale too reduced from pre-intervention
(Mean=3.6, SD=2.3) to 1 year Mean=0.7, SD=1.0)
(Z=3.0, p=0.001). These results are depicted in Table 6.

In those participants that were deemed to be quartile
1, there was an increase in their total NPCQ score at pre-
intervention (Mean=0.0, SD=0.0) to 1 month (Mean=1.6,
SD=3.4) (Z=-2.9, p=0.001), and pre-intervention to
1 year (Mean=1.4, SD=2.9) (Z=2.7, p=0.004). This
change was reflected in the increase in the emotional sub-
scale from pre-intervention (Mean=0, SD=0) to 1 month
(Mean=1.1, SD=2.3) (Z=-3.0, p=0.001) to 1 year
Mean=0.9, SD=1.9) (Z=-2.7, p=0.004).

Sub-analysis by quartile (positive psychological
consequences)

All patients were divided into 4-quartiles based on their
I-month PPCQ score (Table 7). Those with the lowest
score were in the 1st quartile. Patients in quartile 1 demon-
strated an increase in the emotional subscale from 1 month
(Mean=2.1, SD=1.7) to 1 year (Mean=6.3, SD=5.4)
(Z=-2.0, p=0.040). In patients within the 4th quartile,
total PPCQ score was significantly reduced from 1-month

Table 6 NPCQ from pre-

. . Pre-intervention 1 Month 1 Year

intervention to 1 month, and

pre-intervention 1 year divided Mean (SD) Mean (SD) Z pvalue Mean (SD) Z p value

by quartile
Q1 emotional subscale 0 (0) 1.1 (2.3) —-3.0 0.001* 0.9(1.9) —-2.7 0.004*
QI physical subscale 0(0) 0.2 (0.7) —-1.6 0.250 0.2 (0.8) -1.6 0.250
QI social subscale 0(0) 0.3 (0.9) —-1.8 0.125 0.3 (0.8) —-1.8 0.125
Q1 total score 0(0) 1.6 (3.4) —-29 0.001* 1.4(2.9) —-2.7 0.004*
Q2 emotional subscale 0.8 (0.5) 1.8 (1.9) —-1.1 0.500 0.3 (0.5) —-1.4 0.500
Q2 physical subscale 0.1 (0.4) 1.0 (1.7) —-1.0 1.000 0.0 (0.0) —-1.0 1.000
Q2 social subscale 0.1 (0.4) 1.0 (1.4) —-1.3 0500 0.0(0.0) —-0.0 1.000
Q2 total score 1(0) 3.8(5.0) —-1.1 0500 0.3(0.5) -1.7 0.250
Q3 emotional subscale 3 (1.3) 2.8 (2.7) —-0.2 0.847 3.0(1.4) —-0.3 0.749
Q3 physical subscale 0.5 (0.9) 0.8 (1.5) -02 0910 1.4 1.7 —-1.7 0.096
Q3 social subscale 0.6 (1.2) 0.9 (1.4) -1.5 0.137 1.4 1.7 —-1.6 0.125
Q3 total score 4.0 (1.9) 4.6 (4.8) —-0.1 0.925 5.8 (4.9) —-13 0.185
Q4 emotional subscale 7.0 (2.4) 3.7@2.7) —-2.8 0.002*% 2.7(2.8) -3.0 0.001*
Q4 physical subscale 3.0(1.8) 1.7 (1.9) -1.8 0.074 1.0 (1.8) —-2.8 0.002*
Q4 social subscale 3.6(2.3) 1.9 (2.0 —-1.7 0.087 0.7 (1.0) -3.0 0.001*
Q4 total score 13.5 (4.8) 7.3 (5.5) —-24 0.013*% 4.44.9) -32 0.001*

*Denotes statistical significance

PCQ psychological consequences questionnaire, EUS endoscopic ultrasound
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Table 7 PPCQ from 1 month to 1 year divided by quartile

1 month 1 Year Z p value

Mean (SD) Mean (SD)
QI emotional subscale 2.1 (1.7) 6.3(5.4) —-2.0 0.040%
Q1 physical subscale 0.1 (0.4) 0.5(1.5) -0.8 0.750
QI social subscale 0.3 (0.8) 0.4 (1.1) -0.5 0.750
QI total score 2.4(1.9) 7.1 (6.8) —-1.8 0.071
Q2 emotional subscale 9.0 (2.7) 10.2 (4.2) —1.1 0.288
Q2 physical subscale 0.6 (1.5) 2.0@3.2) -1.9 0.063
Q2 social subscale 0.5(1.1) 1.2 (1.8) —-1.7 0.125
Q2 total score 10.1 (2.9) 13.3 (7.0) -1.9 0.052
Q3 emotional subscale 12.1 (2.0) 10.9 (4.0) —-0.8 0432
Q3 physical subscale 4.7 (2.4) 42 (3.4) —-0.4 0.985
Q3 social subscale 2.7 (1.6) 2.6 (2.3) —-0.6 0.587
Q3 total score 19.4 (2.9) 17.7 (8.3) -0.4 0.706
Q4 emotional subscale 14.4 (0.9) 13.8 (2.7) -0.9 0422
Q4 physical subscale 8.4 (0.9) 6.0 (3.4) —-2.8 0.004*
Q4 social subscale 5.1(1.1) 4.0 (2.6) -1.9 0.070
Q4 total score 27.8(1.8) 238(7.2) -24 0.016*

EUS endoscopic ultrasound, PCQ psychological consequences ques-
tionnaire

*Denotes statistical significance

(Mean=27.8, SD=1.8) to 1-year (Mean=23.7, SD=7.2)
(Z=-2.4, p=0.016). Similarly, the physical subscale score
in quartile 4 patients reduced from 1 month (Mean=38.4,
SD=0.9) to 1 year (Mean=6.0, SD=3.4) (Z=-2.8,
p=0.004).

Correlation analysis

There was a significant negative correlation between age
of participants and total NPCQ score at 1 month (correla-
tion coefficient=—10.247, p=0.041). Similarly, there was
also a significant negative correlation between age of par-
ticipants and emotional score at 1 month (correlation coef-
ficient=—0.257, p=0.033) as well as social score (correla-
tion coefficient=—10.343, p=0.004).

Discussion

In this prospective analysis of questionnaires designed to
assess the psychological impact of a PC screening program
in high-risk individuals, the screening program did not show
any negative short- or long-term psychological effects on
participants, irrespective of the EUS result. Furthermore,
at 1-year post-EUS, analysis of the cohort demonstrated a
decrease in the total IES score, with those with an abnormal
EUS reporting less avoidant and intrusive behaviour, high-
lighting a positive impact of the screening program. The

lack of negative psychological impact of the screening pro-
gram on quality of life was demonstrated by nil significant
increase in the NPCQ total score from pre intervention to
1 month and 1 year. Furthermore, there was no increase in
any of the NPCQ subscales that measure the effect of screen-
ing on an individual’s functioning on emotional, social and
physical life domains, in either the normal or the abnormal
EUS group. In addition to these results, implementation of
this screening program in those who were deemed to have
the greatest level of distress as determined by those who
scored in the top 25% of NPCQ total score, was significantly
effective in reducing their overall level of distress at both 1
month and 1-year post intervention.

Although not a direct aim of this psychological study, two
participants (2.0%) were found to have pancreatic malignan-
cies on EUS, which is similar to the findings published by
the Italian Association for the Study of the Pancreas (AISP)
Registry [31]. Two other malignancies were found as part
of the screening program, one primary liver cancer and one
early breast cancer detected on MRI of the pancreas, which
brings the malignancy detection rate of the screening pro-
gram to 3.9%, which is consistent with the results of other
screening programs. A recent meta-analysis of PC screening
programs showed a pooled prevalence of 3.3% of lesions
considered a successful target of surveillance [32]. Their
subgroup analysis showed a lesion detection rate of 3.0%
in FPC, 4.0% in hereditary pancreatitis, 5.0% in familial
melanoma, 6.3% in HBOC, and 12.2% in Peutz—Jeghers
syndrome. Thirty-four percent of our participants had some
pancreatic abnormalities (mainly cystic), which is similar
to the pooled prevalence of cystic lesions of 33.6% found in
studies with a high-quality score as described by Signoretti
et al. [32].

This study shows that those with a personal history of
cancer reported higher worry scores in regard to develop-
ing cancers other than PC. This underscores the findings
of Douma et al., however it is in contrast to the findings of
Konings et al, who demonstrated that a personal history of
cancer was not associated with high cancer worries [33, 34].
Furthermore, the current study identified that individuals
with a positive BRCA2 genetic mutation also demonstrated
higher median worry scores in relation to developing other
cancers compared to those without a mutation.

There are only a small number of studies that have
investigated the psychological effect of screening for PC in
high-risk individuals. Franke et al. assessed communication
with the physician, reassurance, nervous anticipation and
specific perceived disadvantages and were able to establish
that in those at increased risk of PC, regular screening had
minimal psychological impact [35]. This study was limited,
however, with only a reported 50% of individuals at risk
regularly participating in the proposed screening program,
and only 67% having completed the questionnaire compared
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to 84.3% in the current study. Other studies have shown that
cancer worries and psychological stress appear acceptable to
patients participating in pancreatic screening programs, and
that there is significant increase in risk perceptions, cancer
worries and/or general distress in patients with FPC com-
pared to those with a BRCA2 mutation and controls [35, 36].
Konings et al. were able to show that from pre-intervention
to 3-years post-surveillance initiation, participants reported
decreased anxiety in relation to their next screening EUS,
and that respondents’ cancer worries decreased significantly
over time. Both anxiety and depression scores remained sta-
ble or low over the 3-year period, and having a family his-
tory of PC under the age of 50 was a predictor of cancer
worries experienced after 2 years of surveillance [33, 37].
A recent systematic review [38] that also included our pre-
liminary results presented in abstract form [39], encompass-
ing six cohort studies and one cross-sectional study came to
the conclusion that, although screening may not always be
reassuring, in high-risk individuals screening does result in
positive psychological outcomes.

This study shows that in those high-risk individuals who
reported the greatest level of psychological distress as indi-
cated by the NPCQ score at baseline, implementation of this
screening program had significant positive effects short term
(1 month) as well as long term (1 year). This supports the
findings of Hart et al. who demonstrated, through using the
IES to measure psychological distress, that those individu-
als with the greater baseline distress showed a significant
decrease in cancer-related intrusive thoughts over time [40].
They showed age was an important factor in determining
psychological response to screening. Our study identified
a significant negative correlation between increasing age
and total NPCQ score and emotional and social subscale
scores at 1-month post-intervention. This demonstrates
that older participants have lower psychological distress
post-screening.

The results of this study show that there was a significant
decrease in total IES score, as well as both avoidance and
intrusion subsets at 1 year compared to baseline in those
with an abnormal EUS. To the authors’ knowledge this is
the first time this phenomenon has been documented in the
literature. Konings et al. were able to identify no signifi-
cant difference in cancer worry scores in post-detection of
a pancreatic cystic lesion on EUS [33]. The results of this
study take this further, by demonstrating that there is a posi-
tive psychological effect of lesion detection on EUS during
screening as demonstrated by the significant decrease in IES
at 1 year compared to pre-intervention.

The results of this study, although assessing PC, can be
compared to previous studies that have assessed the effect
of screening programs for other types of cancers. A recent
review assessing the psychological burden associated with
lung cancer screening demonstrated that although there
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may be a short-term adverse psychological burden associ-
ated with screening, particularly in those participants who
receive a false positive result, these adverse outcomes dimin-
ish over time [41]. This is similar in HBOC syndrome, where
screening is not reported to create anxiety in participants
if the result is normal; however significant anxiety in the
short-term has been reported in those requiring further
investigation [42, 43]. Furthermore, in the case of prostate
cancer, 96.8% of screening participants with no history of
prostate cancer were reassured, while a large Norwegian
study assessing the psychological impact of colorectal can-
cer screening demonstrated no significant psychological dis-
tress associated with participating in the screening program
or receiving a positive result [44, 45]. Although the general
consensus favours a positive psychological outcome associ-
ated with cancer screening programs, individuals at high
risk of developing multiple tumours have been identified as
a target subgroup demonstrating increased distress and lower
quality of life [46].

In regards to the screening methodology, a recent study
has highlighted that in those deemed to be at highest risk of
developing PC, EUS is favoured compared to MRI from a
personal and cost-analysis perspective [47, 48]. EUS is not
without its risks, and although it is an invasive procedure,
Harinck et al. and Franke et al, showed that in 88% and 93%
of participants respectively, the advantages of participating
in an endoscopic screening outweighed the disadvantages,
while Breitkopf et al. highlighted a high level of receptivity
to screening in high-risk individuals [25, 35, 49]. This is
further supported by the findings of Canto et al, who showed
that in those high- risk patients in whom PC is detected, the
survival rate at 3 years is 85% [50]. Recently, a meta-analy-
sis assessing the diagnostic yield of PC screening programs
showed that 135 high risk patients needing to be screened to
identify one patient with a high-risk lesion [51]. The results
of our study highlight an increased frequency of PC high-
risk lesions detected (1 lesion in 51 patients screened) and
supports current international screening implementation.

To overcome some of the limitations imposed by meth-
ods used by previous studies we used a measurement tool
(PCQ) designed specifically to measure the psychological
consequences of screening and to determine the long-term
effect of screening. Although this study provides evidence
for a positive psychological outcome in those undergoing
screening for PC, the size of the cohort included for assess-
ment is a recognised limitation. Only 10% of PC cases are
deemed to have a hereditary origin, and therefore this figure
in itself provides a basis for a limited cohort size [52]. This
limitation is not novel, with previous non-controlled studies
on pancreatic screening in high-risk individuals enrolling
similar if not smaller cohorts for analysis [38, 53, 54].The
authors acknowledge the absence of a control group in this
study as a limitation; however the absence of a control group
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in previous studies is well documented limitation of PC
screening in high-risk individuals [38, 53, 54]. Interobserver
reliability has been previously identified as a limitation of
screening utilising EUS; however through the involvement
of a multidisciplinary team in the review of the enrolled
participants this limitation was deemed to be negligible by
the study authors and was not directly assessed by this study
[55].

Conclusion

This is the first study to investigate the impact of PC screen-
ing on the quality of life of the participants assessing the
emotional, social and physical wellbeing. In addition, this
study builds on the findings of Konings et al, who found
that those individuals in whom an abnormality was detected
during PC screening, there was no increase in psychologi-
cal distress [33]. Furthermore, it is the first of its kind to
demonstrate that in high-risk patients participating in a
pancreatic screening program, those with an abnormal EUS
show positive long-term psychological outcomes, demon-
strated by decreased total and subgroup IES scores at 1 year.
In addition to this, those with a previous cancer history
demonstrated decreased total and subgroup IES scores at
1 year. For the rest of the cohort, screening did not cause
any psychological harm. This study shows that in those par-
ticipants with the greatest psychological distress at baseline
as determined by the NPCQ score, screening was deemed
to be the most efficacious producing significantly positive
results in emotional, social and physical domain at 1 year
post-intervention.

The implementation and continuation of a screening
program in high-risk individuals is further justified by the
findings of Canto et al., who reported that 90% of tumours
identified during routine PC surveillance were resectable,
and an increased 3-year survival rate (85% vs. 25%) for indi-
viduals with resectable disease, compared to those without
surveillance [50].

Future studies should focus on the enrolment of a larger
cohort for analysis as this will improve the accuracy and
reliability of the results, and potentially validate the results
of this study. It is intended that the results of this study will
form the basis of a future study investigating the psycho-
logical impact 5-years post-enrolment. Australian screening
program has expanded to the Austin Hospital, Melbourne,
in 2014, and it is intended that this program will continue to
expand to all Australian states to improve access to screen-
ing. This will improve barriers to screening due to travel-
ling requirement and the generalisability of the results and
potentially eliminate any selection bias attributable to a sin-
gle screening location. In conclusion, this study provides
evidence for the beneficial long-term psychological efficacy

of PC screening in high-risk patients and justifies the con-
tinuation of the current study.

Acknowledgements We would like to thank the participants for their
involvement and the medical practitioners who referred their patients
to the screening program. We would like to acknowledge Prof Kathy
Tucker, Prof Alan Spiegelman and Dr Lesley Andrews for their expert
advice on genetic counselling and testing and Dr Marcia Canto for her
contribution to the initial screening program development. A special
thanks is given to Prof Andrew Biankin, Prof Anthony Gill, Ms Amber
Jones and Australian Pancreatic Cancer Genome Initiative network for
their support and ongoing collaboration: http://pancreaticcancer.net.
au/about-collaborators. We also acknowledge Ms Skye Mackay, who
was the trial coordinator until 2017 and Ms Tanya Dwarte who is the
current trial coordinator. Bettina Meiser is supported through a Senior
Research Fellowship Level B from the National Health and Medical
Research Council.

Author contributions Dr O’Neill was involved in writing the man-
uscript and data analysis. Professor Bettina Meiser was involved in
designing the psychological questionnaire and reviewing the manu-
script. Dr David Williams contributed to the research design, pro-
vided revisions to ethics documents, performed screening and revised
the final manuscript. Dr Sam Emmanuel was involved in statistical
analysis. Dr Alina Stoita developed the screening program; prepared
documents for ethics submission, assisted in participant recruitment,
performed screening and provided revisions to the manuscript.

Funding The Clinical Research Coordinator positions were supported
by PanCare Foundation.

Compliance with ethical standards

Conflict of interest Robert O’Neill, Sam Emmanuel, David Williams
and Alina Stoita declare they have no conflict of interest.

Ethical approval All procedures performed were in accordance with
the ethical standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki Declaration
of 1975, as revised in 2000 [5]. Informed consent was obtained from all
patients for being included in the study. Bettina Meiser had a remuner-
ated consultant role with the company Astrazeneca with respect to an
unrelated project. No animal studies were carried out by the authors
for this article.

Appendix: Inclusion criteria

Australian Pancreatic Cancer Screening Program

Inclusion criteria
High risk group 1: familial pancreatic cancer

a. Aged 50-80 years (or 10 years younger than the young-
est relative with PC, AND

b. Member of a family with 2 or more blood relatives with
PC on the same side of the family. If only 2 family mem-
bers are affected, both must be an FDR of the individual
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being screened. If there are > 3 affected family members,
at least one must be an FDR of the individual being
screened.

High risk group 2: Peutz-Jeghers syndrome

a. Age > 30 years old and < 80 years old, AND
b. Clinical diagnosis of Peutz-Jeghers Syndrome or carrier
of a germline STK/1 pathogenic variant.

High risk group 3: BRCA2 pathogenic variant carriers

a. Age > 40 years old and < 80 years old (or 10 years
younger than the youngest relative with PC) AND
Patient is a carrier of a BRCA2 pathogenic variant AND

c. There is > 1 pancreatic cancer in the family (FDR or
SDR, confirmed or likely carrier of the pathogenic vari-
ant)

High risk group 4: hereditary pancreatitis

a. Age > 40 years old and < 80 years old (or 10 years
younger than the youngest relative with PC) AND

b. Previous diagnosis of Hereditary Pancreatitis or known
carrier of a PRSS1 or SPINK] pathogenic variant.

High risk group 5: PALB2 gene carrier*

a. Age > 50 years old and < 80 years old (or 10 years
younger than the youngest relative with PC) AND

b. Patient is a carrier of a PALB2 pathogenic variant AND

c. There is > 1 pancreatic cancer in the family (FDR or
SDR, confirmed or likely carrier of the pathogenic vari-
ant)

High risk group 6: lynch syndrome mutation carrier /
hereditary non polyposis colorectal cancer mutation carrier
(MLH1, PMS2, MSH6, MSH2 mutation)*

a. Age > 50 years old and < 80 years old (or 10 years
younger than the youngest relative with PC) AND

b. Patient is a Lynch syndrome mutation carrier AND

c. Thereis a >1 FDR with pancreatic cancer

High risk group 7: familial atypical multiple melanoma
moles (FAMMM) syndrome (CDKN2A/p16 mutation carrier)*

a. Age > 50 years old and < 80 years old (or 10 years
younger than the youngest relative with PC) AND
b. Patientis a carrier of p16/ CDKN2A pathogenic variant

*Groups 3, 6, 7 were added in 2018 and are not included
in the current paper
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