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abstract

PURPOSE To report pancreas surveillance outcomes of high-risk individuals within the multicenter Cancer of
Pancreas Screening-5 (CAPS5) study and to update outcomes of patients enrolled in prior CAPS studies.

METHODS Individuals recommended for pancreas surveillance were prospectively enrolled into one of eight
CAPS5 study centers between 2014 and 2021. The primary end point was the stage distribution of pancreatic
ductal adenocarcinoma (PDAC) detected (stage I v higher-stage). Overall survival was determined using the
Kaplan-Meier method.

RESULTS Of 1,461 high-risk individuals enrolled into CAPS5, 48.5% had a pathogenic variant in a PDAC-
susceptibility gene. Ten patients were diagnosed with PDAC, one of whom was diagnosed with metastatic PDAC
4 years after dropping out of surveillance. Of the remaining nine, seven (77.8%) had a stage I PDAC (by surgical
pathology) detected during surveillance; one had stage II, and one had stage III disease. Seven of these nine
patients with PDAC were alive after a median follow-up of 2.6 years. Eight additional patients underwent surgical
resection for worrisome lesions; three had high-grade and five had low-grade dysplasia in their resected
specimens. In the entire CAPS cohort (CAPS1-5 studies, 1,731 patients), 26 PDAC cases have been diagnosed,
19 within surveillance, 57.9% of whom had stage I and 5.2% had stage IV disease. By contrast, six of the seven
PDACs (85.7%) detected outside surveillance were stage IV. Five-year survival to date of the patients with a
screen-detected PDAC is 73.3%, and median overall survival is 9.8 years, compared with 1.5 years for patients
diagnosed with PDAC outside surveillance (hazard ratio [95% CI]; 0.13 [0.03 to 0.50], P 5 .003).

CONCLUSIONMost pancreatic cancers diagnosed within the CAPS high-risk cohort in the recent years have had
stage I disease with long-term survival.
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INTRODUCTION

Pancreatic cancer is a deadly disease that is projected
to become the second most common cause of cancer
death in the United States by 2026,1 with a similar
trend of increasing worldwide incidence.2 Pancreatic
cancer survival has improvedmodestly in recent years;
overall 5-year survival now approaches 11%, the poor
survival largely attributed to the late stage at diagnosis
for most patients.3,4 In particular, very few patients are
diagnosed with stage I pancreatic ductal adenocar-
cinoma (PDAC).3 However, the percentage of patients
diagnosed with stage I PDAC has been increasing in
the United States in the past decade,3 which may be
due to a number of factors, including improvements
in diagnostic imaging, better access to care leading
to earlier diagnosis of symptomatic disease (a
stage I PDAC diagnosis associated with having better
insurance coverage),3 and the enrollment of more
at-risk individuals (with familial/genetic risk and/or

incidentally detected pancreatic cysts) into pancre-
atic surveillance programs.

Pancreas surveillance has been recommended for
individuals estimated to be at high risk of developing
PDAC (5% or higher estimated lifetime risk).5-8 The risk
increases with the number of affected first-degree
relatives with pancreatic cancer and in those who
carry a pathogenic germline variant in a pancreatic
cancer susceptibility gene.9-11 The goals of pancreas
surveillance are to reduce pancreatic cancer mortality
through early detection, at a stage when the disease is
most curable (stage I PDAC), or when there is only a
noninvasive neoplasm with high-grade dysplasia
(HGD), and to do so with minimal harm.6 In 2019, the
US Preventative Services Task Force recommended
against pancreas screening of asymptomatic average-
risk adults and those with a family history, but it did not
address the role of surveillance in germline mutation
carriers.12,13 Recent evidence indicates that pancreas
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surveillance can downstage pancreatic cancers diagnosed
in high-risk individuals (HRIs), although this is based upon
only a few studies,12,14-16 with relatively few PDACs diag-
nosed, and only a small percentage of which were diag-
nosed with stage I disease.17

The goal of this study was to describe the outcomes to date
of the multicenter Cancer of Pancreas Screening-5
(CAPS5) study, which opened in 2014, in particular with
a focus on the number of stage I PDACs diagnosed, and to
provide updated survival outcomes in the 201-year CAPS
(1998-2021) program overall.

METHODS

Study Design and Participants

CAPS5 (ClinicalTrials.gov identifier: NCT02000089) is a
multicenter, prospective cohort study involving eight aca-
demic medical centers in the United States that opened to
enrollment in 2014; we report on all HRIs enrolled until
June 2021. CAPS5 was approved by the Johns Hopkins
Institutional Review Board and the institutional review
boards at each of the CAPS sites with written informed
consent provided by all participants. CAPS5 enrolled pa-
tients recommended by the study clinicians to undergo
pancreatic surveillance because of their estimated elevated
risk of developing PDAC (Fig 1) as per the CAPS interna-
tional consensus guidelines.5,6 A small percentage of pa-
tients (described in the Data Supplement [online only]),
were enrolled based upon other risk criteria, such as
BRCA2 or ATMmutation carriers without a family history,18

or those with other family history criteria (eg, having three
second-degree relatives with pancreatic cancer, without an
affected first-degree relative). CAPS participants were en-
rolled on the basis of recommended age criteria.5,6

In this report, we also provide an updated analysis of the
Johns Hopkins CAPS study single-center experience since

1998 (this CAPS1-4 study cohort was described previ-
ously14), combining it with the multicenter CAPS5 study
cohort data (Fig 1). For patients enrolled in earlier CAPS
studies, the follow-up time was calculated from the time of
initial baseline screening until the date of last follow-up (see
also the Data Supplement for additional methods).

Statistics

The primary outcome of this study was the early detection of
stage I PDAC (PDACs were staged per the American Joint
Committee on Cancer staging manual, eighth edition) or a
noninvasive neoplasm with HGD among HRIs undergoing
surveillance, which is reported descriptively with fre-
quencies and percentages. Separate analyses are provided
for the CAPS5 cohort and for those enrolled in all the CAPS
programs (CAPS1-5). The latter analysis includes an up-
date (since 2017) of the outcomes of patients who pro-
gressed to PDAC or a noninvasive neoplasm with HGD
since the last CAPS report.14 The study’s secondary out-
come was overall survival after a diagnosis of PDAC or HGD
for HRIs enrolled in all CAPS studies (CAPS1-5), which was
estimated using the Kaplan-Meier method. Overall survival
of individuals diagnosed with PDAC was compared be-
tween those in the CAPS program whose disease was or
was not screen-detected (ie, diagnosed during routine
surveillance as opposed to presenting with concerning
symptoms outside of surveillance or between surveillance
intervals) with Cox proportional hazards models. We report
hazard ratios (HRs) both unadjusted and adjusted for age
at diagnosis and whether patients were enrolled for family
history or pathogenic variant in a PDAC susceptibility gene.

RESULTS

Study Population

The baseline characteristics of the 1,461 subjects in the
CAPS5 study cohort are presented in Table 1. 48.5% of

CONTEXT

Key Objective
To evaluate the stage at diagnosis and outcome of individuals diagnosed with pancreatic cancer and high-grade dysplasia

while undergoing recommended, typically annual, pancreas imaging surveillance with magnetic resonance imaging and
endoscopic ultrasound for their familial/inherited risk in the multicenter Cancer of Pancreas Screening-5 (CAPS5) study
and in the Johns Hopkins CAPS study, initiated 201 years ago.

Knowledge Generated
The majority of patients diagnosed with pancreatic ductal adenocarcinoma while under pancreas surveillance have stage I

disease and can achieve long-term survival; the median survival of patients diagnosed with pancreatic ductal adeno-
carcinoma while under surveillance in the CAPS program is 9.8 years. The predominance of stage I disease is in marked
contrast to the advanced stage at presentation for themajority of patients who present with symptomatic pancreatic cancer.

Relevance
Regular pancreatic imaging surveillance should be offered to patients who meet recommended pancreatic surveillance

criteria.
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participants had a pathogenic germline variant, including
18.4% with a BRCA2 and 6.4% with an ATM variant. Around
one third of the cohort had a personal history of cancer,
with breast cancer being the most commonly reported
cancer (15.8% of the entire cohort). To date, 451
(30.9%) of the total CAPS5 cohort have undergone one
baseline screening examination (due in part to COVID-
19–related delays19). Of these 451 HRIs, 215 (47.7%) of
the participants had their baseline screening visit less
than a year from the date of data extraction, whereas the
remaining 236 patients or 16.1% of the entire HRI cohort
had a baseline screening visit ($ 1 year from data ex-
traction date) that has not yet been followed up with any
subsequent surveillance. The remaining 1010 HRIs
(69.1%) had a median follow-up duration of 4 years
(interquartile range, 2.2-5.6 years) for a total of
4,462 person-years of surveillance.

Pancreatic Cancers and Other Resected Lesions

During the CAPS5 study surveillance period, nine pa-
tients were diagnosed with a screen-detected PDAC
(either at baseline or at subsequent surveillance visits).
One additional patient presented with symptomatic
metastatic PDAC 4 years after their baseline and only
surveillance (Table 2). The majority of pancreatic cancers
detected during surveillance (7/9, 77.8%) were stage I by
surgical pathology (n 5 4 stage IA, n 5 3 stage IB); one
patient had stage IIB cancer (case 8), and one (case 9)
had a stage III cancer (clinically staged) with superior
mesenteric artery involvement (Fig 2A; case 9 did not

undergo surgical resection). Overall, 8/9 (88.9%) of the
screen-detected PDACs were resectable. Two of the stage
I PDACs were surgically staged after neoadjuvant che-
motherapy (their stages at diagnosis by imaging, before
neoadjuvant therapy were stage IA and IIA, Table 2). The
PDACs detected during surveillance were detected be-
tween 6 and 14 months after their previous imaging test
(Table 2). Most of the PDACs were detected by imaging as
small pancreatic masses; one case had concerning main
pancreatic duct dilation without a detectable mass; none
of the PDACs arose from an intraductal papillary mu-
cinous neoplasm (IPMN). Comparing the proportion of
stage I PDACs to the national average is highly significant;
in 2016, 5.4% of 8,398 PDACs in the SEER database
(National Cancer Institute-SEER) were stage I by surgical
pathology (P , .00001, Fisher’s exact test).3

Seven of the nine patients diagnosed with a screen-detected
PDAC are alive, with median overall survival to date of 3.84
years. The Kaplan-Meier survival curves of the patients with
PDAC and a noninvasive neoplasm with HGD are shown in
Figure 2B. Seven patients are alive at last follow-up; one
patient with stage IB PDAC (BRCA1) and another who had
stage III PDAC (familial-risk) died after 3.84 and 1.4 years
from diagnosis, respectively. One patient (stage IB) had a
biopsy-proven lung recurrence 1.7 years after surgery, but is
currently alive (4.1 years after surgery). The one patient
(BRCA2) diagnosed with PDAC 4 years after dropping out of
surveillance, who was also diagnosed with colorectal cancer
around the same time, is still alive 2 years after diagnosis.

HRIs developing
PDAC (n = 14) or HGD (n = 10)

(Canto et al)

HRIs
undergoing surveillance

(Johns Hopkins) 

HRIs developing
PDAC (n = 10) or HGD (n = 3)

(Figs 2 and 3; Table 2) 

CAPS 1-5 HRIs developing
PDAC (n = 26; 14 + 10 + 2a) or HGD (n = 13)

(Fig 4)

2000 2005 2010 2015 2020

CAPS 1 CAPS 2 CAPS 3 CAPS 4 CAPS 5

HRIs
undergoing surveillance

(multicenter; 
N = 1,461)

(Table 1)

HRIs
undergoing surveillance

(n = 1,731)
(Data Supplement)

Year

Annual surveillance with EUS and/or
MRI/MRCP, often alternating between the
two methods (surveillance interval was
modified when concerning lesions were
detected)

Surveillance protocol

Hereditary syndromes or germline
variant carriers:

  BRCA2, ATM, BRCA1, PALB2, or Lynch 
  syndrome–associated genes with family 
  history of PDAC 
  FAMMM (CDKN2A)
  Peutz-Jeghers (STK11)

Family history of at least one first-degree
and one second-degree relative with
PDAC

Meeting age criteria for surveillance

HRIs

FIG 1. Diagram of the CAPS1-5 enrollment periods from 1998 to 2021 summarizing the outcomes of individuals in the CAPS5 study and combined
updated outcomes of the CAPS1-5 studies. A summary of the CAPS5 study criteria and surveillance protocol is provided in the boxes and described with
more details in the methods section. aTwo HRIs from the CAPS1-4 cohort stopped surveillance and then developed PDAC after the last report of that
cohort in the study by Canto et al.14 CAPS, Cancer of Pancreas Screening; EUS, endoscopic ultrasound; FAMMM, familial atypical multiple mole
melanoma; HGD, high-grade dysplasia; HRI, high-risk individual; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance
imaging; PDAC, pancreatic ductal adenocarcinoma.
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Figure 3 (case 2) shows an example of a stage IA PDAC
detected by using magnetic resonance imaging (MRI)
performed 1 year after a normal-appearing endoscopic
ultrasound (EUS; Data Supplement). The Data Supplement
shows another case of a stage IA PDAC detected by sur-
veillance EUS as a 1.1-cm hypoechoic mass and confirmed

with secretin-enhanced MRI/magnetic resonance chol-
angiopancreatography (case 3).

In addition, eight patients had pancreatic resections for
concerning cystic lesions detected during surveillance;
three were found to have HGD (in high-grade pan-
creatic intraepithelial neoplasia or IPMN; summarized
in Table 2). The remaining five patients who underwent
surgical resection for worrisome lesions had only low-
grade dysplasia (Data Supplement).20 There were no
significant surgical complications.

Overall, 10 (56%) of the 18 patients identified with PDAC
or who underwent surgical resection had pathologies that
meet recommended goals of surveillance (seven stage I
PDAC, and three with a precancerous neoplasm with
HGD).5,6 During the CAPS5 study period, 73 patients
under pancreas surveillance were diagnosed with other
cancers, an incidence of 1.68 cancers per 100 patient-
years of follow-up. The most common cancers diagnosed
were breast (n 5 17), prostate (n 5 11), and melanoma
(n 5 7; Data Supplement).

CAPS1-5 Combined Cohort

The 1,731 HRIs (42.6% with germline mutations)
enrolled into the CAPS1-5 studies to date have had a
median follow-up of 2.8 years (interquartile range, 1.4-
4.8 years) with a total of 5,041 person-years of sur-
veillance (their baseline characteristics are described
in the Data Supplement). Overall, 26 patients in the
entire CAPS program have had a diagnosis of PDAC
over the past 201 years, corresponding to a detection
rate (including baseline and surveillance) of 5.15
PDACs diagnosed per 1,000 person-years of surveil-
lance; one individual diagnosed with PDAC per year for
every 194 screened. Since the last CAPS report (which
described outcomes of CAPS1-4 subjects up to
201714), two additional HRIs, one who had enrolled
into the CAPS4 and one who had enrolled into CAPS3,
developed PDAC outside of surveillance (both stage
IV), at 4 and 7 years, respectively, after their last
pancreas surveillance imaging.

Among the 26 patients with PDAC, 38.5% (10/26) had a
known pathogenic germline variant (10 of the 16 without a
known variant had undergone negative multigene panel
testing). Since 2018,National Comprehensive CancerNetwork
guidelines have recommended individuals with PDAC and
their first-degree relatives be offered susceptibility gene
testing.21,22 Among the 26 PDACs, 19 were detected during
surveillance, 57.9%of whomhad stage I disease, 15.8% stage
II, 21.1% stage III, and 5.2% stage IV (Fig 4A). In the CAPS1-5
cohort, six of the seven cases (85.7%) whose PDAC was
detected outside surveillance were stage IV (Fig 4B). The
median (standard deviation/range) age at diagnosis for all
PDAC cases was 65.5 (9.5/45-81) years; for those with stage I
PDAC, it was 65.3 (7.8/57-77) years; for those with stage IV, it
was 69.1 (8.9/59-81) years (P5 .37). Regardingmanagement

TABLE 1. Baseline Characteristics of the Cancer of Pancreas
Screening-5 Study Cohort
High-Risk Cohort N 5 1,461

Age, mean 6 SD, years 60.3 6 9.7

Sex (female), No. (%) 944 (64.6)

Race/ethnicity, No. (%)

White 1,380 (94.5)

African American 51 (3.5)

Asian 19 (1.3)

Hispanic/Latino 35 (2.4)

Other/multiple 13 (0.7)

Pathogenic germline variant carriers,
No. (%)

BRCA2 1 $ 1 FDR/SDR with PDAC 269 (18.4)

BRCA1 1 $ 1 FDR with PDAC 68 (4.7)

CDKN2A (FAMMM syndrome) 69 (4.7)

Lynch syndrome 1 $ 1 FDR/SDR with
PDAC

58 (4.0)

PALB2 1 $ 1 FDR/SDR with PDAC 62 (4.2)

ATM 1 $ 1 FDR/SDR with PDAC 93 (6.4)

Peutz-Jeghers syndrome (STK11) 18 (1.2)

More than onemutation1$ 1 FDR/SDR
with PDAC

6 (0.4)

Familial pancreatic cancer without known
pathogenic germline variants, No. (%)

$ 2 FDRa 346 (23.7)

1 FDR 1 $ 1 SDRb 402 (27.5)

1 FDR with young onset PDAC # 50
years old

5 (0.3)

Other high-risk cohort (Data Supplement),
No. (%)

65 (4.5)

Personal history of cancer,c No. (%) 455 (31.1)

Smoking, No. (%)

Never/former 910/1,420 (64.1)/454
(32.0)

Current 56 (3.9)

Alcohol use (current), No. (%) 733/1,414 (51.8)

Diabetes mellitus (type 1/2), No. (%) 137/1,391 (9.8)

Abbreviations: FAMMM, familial atypical multiple mole melanoma;
FDR, first-degree relative; PDAC, pancreatic ductal adenocarcinoma;
SD, standard deviation; SDR, second-degree relative.

aExcluding two parents with PDAC.
bSDR is first-degree relative of FDR with PDAC.
cExcluding basal cell or squamous cell skin carcinoma.

3260 © 2022 by American Society of Clinical Oncology Volume 40, Issue 28

Dbouk et al



TABLE 2. Screen-Detected PDAC or High-Grade Neoplasms in Cancer of Pancreas Screening-5 Study

Case
Age,
years Risk Group Baseline/Surveillance

Lesion Detected on
Diagnostic Imaging

Tumor Location,
Type of Surgery

Pathology,
eighth AJCC

Stage if Cancer,
eighth AJCC

Survival: dead/alive,
years since PDAC/
HGD diagnosis

1 74 Familial 1 FDR 1
$ 1 SDR

Surveillance (prior MRI
14 months previously)

New main pancreatic
duct dilation
(to 7 mm), no mass
seen—1.5-cm mass
by pathology (also an
unrelated 1.3-cm
pancreatic cyst)

BOP, Whipple PDAC pT1N0M0 IA Alive, 2.2

2 59 BRCA2 with
FDR/SDR

Surveillance (prior EUS
11 months previously)

1-cm mass HOP, Whipple PDAC pT1N0M0 IA Alive, 0.4

3 56 CDKN2A
(FAMMM)

Surveillance (prior EUS
12 months previously)

1.1-cm mass TOP, distal
pancreatectomy

PDAC pT1N0M0 IA Alive, 1.9

4 58 Familial 1 FDR
1 $ 1 SDR

Baseline 1.7-cm mass BOP, distal
pancreatectomy

PDAC pT2N0M0 IB Alive, 4.1

5 57 Familial $ 2 FDR Baseline 1.6-cm mass TOP, distal
pancreatectomy

PDAC pT1N0M0 IB Alive, 2.6

6 63 PALB2 with
FDR/SDR

Baseline 1.6-cm mass HOP, Whipple PDAC ypT1N0M0 IA by surgical
pathology
(and at
detection by
imaging)

Alive, 0.8

7 59 Familial 1
FDR 1 $ 1 SDR

Baseline 5-cm mass TOP, distal
pancreatectomy

PDAC ypT2N0M0 IB by surgical
pathology,
(2A at detection
by imaging)

Dead, 3.8

8 69 Familial $ 2 FDR Surveillance (prior MRI 6
months earlier)

2.1-cm mass HOP, Whipple PDAC pT2N1M0 IIB Alive, 3.5

9 65 BRCA1 with SDR Surveillance (prior EUS 6
months previously)

2.5-cm SMA involvement HOP PDAC T4M0 (clinical stage; did
not have surgery)

III Dead, 1.4

10 74 BRCA2 with
FDR/SDR

Outside surveillance,
4 years, symptomatic

2.6-cm mass TOP PDAC, M1 (peritoneal spread) IV Alive, 2

11 77 BRCA2 with
FDR/SDR

Surveillance Rapidly enlarging
cyst . 2 cm,
no worrisome features

BOP, distal
pancreatectomy

IPMN with LGD, high-grade
PanIN

NA Alive, 2.8

12 72 Familial 1 FDR 1
$ 1 SDR

Surveillance 2.6-cm cyst without
worrisome features

TOP, distal
pancreatectomy

IPMN HGD NA Alive, 0.5

13 63 BRCA1 with FDR Surveillance Septated 1-cm cyst
with HGD on FNA

BOP, distal
pancreatectomy

IPMN HGD, high-grade PanIN NA Alive, 3.1

Abbreviations: AJCC, American Joint Committee on Cancer; BOP, body of pancreas; EUS, endoscopic ultrasound; FAMMM, familial atypical multiple mole melanoma; FDR, first-degree relative; FNA,
fine-needle aspiration; HGD, high-grade dysplasia; HOP, head of pancreas; IPMN, intraductal papillary mucinous neoplasm; LGD, low-grade dysplasia; MRI, magnetic resonance imaging; NA, not
available; PanIN, pancreatic intraepithelial neoplasia; PDAC, pancreatic ductal adenocarcinoma; SDR, second-degree relative; SMA, superior mesenteric artery; TOP, tail of pancreas.
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of IPMN, 10 patients had resections of IPMN with HGD, but
none of the resected PDACs were associated with an IPMN by
surgical pathology.

Individuals in the CAPS1-5 cohort with screen-detected
PDAC had a significantly longer survival than those whose
PDACs were diagnosed outside surveillance (HR unadjusted:
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11.1%
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Stage II

Stage III
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FIG 2. PDAC stage and survival in the CAPS5 study cohort. (A) Distribution of stages (eighth edition American Joint Committee on Cancer) of screen-
detected PDACs (n 5 9) detected during surveillance. (B) Kaplan-Meier curve showing overall survival of all screen-detected PDACs and high-grade
neoplasms in the CAPS5 study. CAPS, Cancer of Pancreas Screening; HGD, high-grade dysplasia; PDAC, pancreatic ductal adenocarcinoma.

2 mm

D

100 �m
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A B C

FIG 3. Example of a screen-detected stage IA pancreatic cancer (case 2). (A) Surveillance magnetic resonance imaging showing a new 1-cm
hypoenhancing lesion in the head of the pancreas (arrow pointing to mass). (B) Confirmatory EUS showing a 1.5-cm hypoechoic lesion in the head
of the pancreas without invasion of nearby vessels with cytology (not shown) diagnostic of a moderately differentiated adenocarcinoma. (C)
Confirmatory computed tomography of the abdomen showing s 1.5-cm pancreatic headmass without upstream dilation or atrophy. (D) Whole-slide
scanned image of a resected 1.4-cm lesion showing at 53 (E) a moderately differentiated invasive ductal adenocarcinoma confined to the pancreas.
EUS, endoscopic ultrasound.
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0.13 [95% CI, 0.03 to 0.50], P5 .003). The median survival
for the patients with a screen-detected PDAC was 9.8 years
(95%CI, 5.2 to ~ years, ~; small sample size precludes upper
survival limit estimate), compared with 1.5 years (0.50 to ~
years) for patients whose PDACs were diagnosed outside
surveillance (Fig 4C), and the 5-year survival to date of the
CAPS screen-detected PDAC cases is 73.3% (54 to 100).

Adjusting for factors besides stage that could affect survival,
specifically, age at PDAC diagnosis and risk group (patho-
genic variant carriers v familial risk), yielded a slightly larger
effect size (HR 0.04 [95% CI, 0.004 to 0.32], P 5 .003).
Overall, of the 13 patients with HGD in IPMN or pancreatic
intraepithelial neoplasias who underwent resection, 12 (92%)
were alive at last follow-up; one patient died 6.5 years after

pancreatic resection of end-stage renal disease (after a
kidney transplant for polycystic kidney disease).

DISCUSSION

Among HRIs undergoing surveillance in the CAPS5 study,
PDAC was diagnosed in one of every 160 person-years and
there was a predominance of stage I PDACs among screen-
detected PDACs diagnosed, with 77.8% of pancreatic
cancers staged at surgical pathology as stage I, 88.9% with
resectable disease, and amedian survival of 9.8 years. These
results compare favorably with the stage at diagnosis of usual
PDAC cases diagnosed outside surveillance (. 50% meta-
static disease, , 20% localized and resectable, and , 5%
surgically staged as stage I [SEER3,23]), but are consistent
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Unadjusted: 0.13 [0.03 to 0.50], P = .003 

Adjusted: 0.04 [0.004 to 0.32], P = .003 

C

FIG 4. Screen-detected pancreatic cancers in the combined Cancer of Pancreas Screening 1-5 cohorts.
(A) Graph showing eighth edition American Joint Committee on Cancer stage distribution of the screen-
detected PDACs (n 5 19) and (B) PDACs detected outside surveillance (n 5 7). (C) Kaplan-Meier curves
showing survival of all screen-detected PDACs, PDACs diagnosed outside surveillance, and screen-detected
HGD. HGD, high-grade dysplasia; HR, hazard ratio; PDAC, pancreatic ductal adenocarcinoma.
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with the long-term survival among PDAC cases in the SEER
database with stage I disease by surgical pathology.3

The CAPS5 study results differ in some respects from the
recent report of the Dutch Familial Pancreatic Cancer
Surveillance Study Group.16 This study reported a PDAC
resectability rate of only 60%, which may be a function of
the predominance of CDKN2A mutation carriers in their
high-risk cohort, which have more aggressive disease than
other hereditary syndromes and comprised 70% of their
patients with an incident pancreatic cancer.24 As a result of
this experience, consideration is being given to having
CDKN2A carriers undergo more frequent surveillance
(such as biannually). A 2016 study by Vasen et al reported
stage I PDACs comprised six of the 15 (40%) PDACs
detected during surveillance. Although the follow-up period
of the screen-detected PDACs diagnosed in the multicenter
CAPS5 study cohort to date is relatively short, there is
evidence of improved survival, especially when compared
with the 11% 5-year overall survival of patients with PDAC
in the United States.4

The survival benefit associated with pancreas surveillance
is clearly evident in the entire CAPS cohort (CAPS1-5; Fig 4)
with long-term follow-up; the 5-year overall survival among
screen-detected PDACs was 73.3% in this updated anal-
ysis. The patients who progressed to PDAC in our study
included carriers with germline pathogenic variants and
those who met familial-risk criteria only. This observation is
consistent with previous reports that the PDAC risk in the
familial group appears significant enough to warrant
surveillance.9,10,14 Our results support current CAPS sur-
veillance recommendations and argue against the notion of
limiting pancreatic surveillance to those high-risk individ-
uals with known pathogenic mutations.16,25,26 One guide-
line that deserves re-evaluation and further study in light of
the benefits of pancreas surveillance is the recommen-
dation that a family history of PDAC be required for BRCA2
and ATMmutation carriers.27 This recommendation, part of
an effort to enroll only highest-risk individuals, was de-
veloped in the early years of pancreas surveillance in an
effort to optimize outcomes. Further evidence of the value
of regular surveillance and appropriate surgical intervention
can be inferred from the proportion of cases of IPMN with
HGD without an IPMN-associated invasive ductal adeno-
carcinoma (n5 10), to the number with an IPMN-associated
PDAC (n5 0). This proportion is in marked contrast to what
is typically observed in surgical series, where IPMN with
HGD is commonly associated with an invasive PDAC.28

There were five pancreatic resections performed during the
study period for worrisome-type findings (dilated main
pancreatic duct and mass-like lesions), which turned out to
harbor low-grade dysplasia only. These cases are discussed
at a multidisciplinary conference, and the decision to resect
is based on clinical judgment in accordance with expert
consensus.6,7 By consensus, these patients would likely
have been better off not having surgical resection, but it is

notable that these five cases represent a smaller proportion
of resections for low-grade lesions than has been reported in
prior studies14,15,29,30 and likely results from better selection
of patients for surgery. The cases that had resections for low-
grade dysplasia highlight the limitations of current EUS and
MRI imaging to characterize concerning lesions and the
need to improve our diagnostic imaging tools to minimize
having progress to advanced-stage PDAC, for example, with
artificial intelligence–basedmethods,31,32 the use of accurate
circulating blood-based biomarkers (circulating tumor DNA
for multicancer detection,33 genotype-stratified cancer an-
tigen 19-934,35), or other approaches.36-38 A blood test for
pancreatic cancer early detection would be attractive, but
such a test should approach or complement the diagnostic
performance of EUS/MRI for stage I PDAC. And the low
incidence of PDAC, even in a high-risk cohort such as CAPS,
necessitates using sensitive, high-specificity (. 98%) tests,
as even modest reductions in diagnostic test specificity yield
increasing numbers of false-positive tests, especially when
multiple testing occurs over many years.

The improvement in surveillance outcomes reported here
compared with previous reports is likely the combined effect
of multiple factors, including our case mix (CDKN2A carriers
appear to have more aggressive disease), the diagnostic
performance of our study team, and the cumulative expe-
rience gained from undertaking pancreatic screening
studies over more than 20 years. Pancreas surveillance of
HRIs and themanagement of screen-detected lesions is best
done at expert centers by multidisciplinary teams. At the
same time, the low diagnostic yield of PDACs in our cohort
highlights the need to develop more refined estimates of
pancreatic cancer risk. Few studies have evaluated the cost-
effectiveness of pancreas surveillance.39,40 Better estimates
of risk would help determine who should undergo surveil-
lance, and at what age surveillance should begin. Com-
mencing surveillance closer to the age range when most
PDACs are diagnosed is one potential way diagnostic yield
and cost-effectiveness could be improved.

Some limitations to our study include our relatively short follow-
up of the CAPS5 study cohort included in this study; however,
we do have long-term follow-up of cases from our earlier CAPS
studies. Long-term survival outcomes are needed to minimize
confounding from lead-time bias. Comparing outcomes of
those diagnosed with a screen-detected PDAC to those whose
PDAC was diagnosed after dropping out of surveillance is
worthwhile because these groups have similar demographic/
risk characteristics, and for whom data on pancreatic cancer
outcomes is limited,41-43 but the number of such cases was
small. Few PDACs have been diagnosed-to-date in the CAPS
program; a larger cohort with longer follow-up would generate
better precision estimates for the proportion of stage I PDACs
diagnosable with surveillance.

In conclusion, pancreatic surveillance of HRIs can dra-
matically downstage PDACs diagnosed; most of the pa-
tients with PDACs diagnosed in the multicenter CAPS5
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study to date had stage I disease. The long-term survival
among patients in the CAPS cohort is excellent (currently
73.3% 5-year overall survival). Longer follow-up is
needed to better define the benefits of EUS and MRI-

based surveillance in high-risk cohorts, along with long-
term studies designed to evaluate the role of emerging
biomarker tests.
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