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Abstract:

Objective Strict follow-up is recommended for branch-duct intraductal papillary mucinous neoplasms (BD-
IPMNs) to avoid missing the development of high-risk stigmata (HRS) at a premalignant stage. This study
explored the risk factors associated with the development of HRS during follow-up.

Methods We performed a retrospective analysis of 283 patients with BD-IPMN, treated at Okayama Uni-
versity Hospital in Japan between January 2009 and December 2016. Only patients with imaging studies in-
dicative of classical features of BD-IPMN without HRS and followed for over one year were included in the
study. We performed radiological follow-up every six months and collected patients’ demographic data, cyst
characteristics, and clinical outcomes and used univariate logistic regression models to determine the odds of
developing HRS.

Results Ten patients (3.5%) developed HRS after a median surveillance period of 55.8 months. The main
pancreatic duct (MPD) size (5-9 mm) and cyst growth rate (>2.5 mm/year) were both suggested to be possi-
ble risk factors for the development of HRS [odds ratio, 14.2; 95% confidence interval (CI), 3.1-65.2, p=
0.0006, and odds ratio, 6.1; 95% CI 1.5-25.5, p=0.014]. Regarding the number of worrisome features (WFs),
the rate of HRS development was 2.0% (4/199) in cases with no WF, 1.6% (1/62) in cases with single WF
and 22.7% (5/22) in cases with multiple WFs, respectively. The rate of HRS development was significantly
higher in cases with multiple WFs than in the other cases (p<0.0001).

Conclusion MPD dilation, rapid cyst growth, and multiple WFs were significant risk factors for the devel-
opment of HRS. In the presence of such features, it is necessary to closely follow the development of HRS
and avoid missing the best opportunity to perform surgical intervention.
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up should be performed.

Introduction

The detection of intraductal papillary mucinous neoplasms
(IPMNs) of the pancreas has increased due to the use of
cross-sectional imaging, such as computed tomography
(CT), magnetic resonance imaging (MRI), magnetic reso-
nance cholangiopancreatography (MRCP), and endoscopic
ultrasound (EUS) (1, 2). However, the type of case deter-
mines whether or not resection is required and how follow-

The 2017 International Association of Pancreatology
guideline (Fukuoka guideline) classifies clinical and radio-
logical findings predicting malignancy into ‘“high-risk stig-
mata (HRS)” and “worrisome features (WFs)” (3). HRS in-
clude i) obstructive jaundice, ii) enhancing mural nodule >5
mm, and iii) main pancreatic duct (MPD) >10 mm, with
surgical resection recommended for patients with any find-
ings due to the high prevalence of cancer. WFs include i) a
history of pancreatitis, ii) cyst 23 cm, iii) enhancing mural
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nodule <5 mm, iv) thickened/enhancing cyst walls, v) MPD
size 5-9 mm, vi) abrupt change in caliber of the pancreatic
duct with distal pancreatic atrophy, vii) lymphadenopathy,
viii) increased serum level of CA19-9, and ix) a cyst growth
rate >5 mm/2 years. Features viii and ix were recently added
as new WFs in the IPMN International Guidelines for 2017
(Fukuoka Guideline). In cases of branch-duct IPMN (BD-
IPMN), it is also necessary to be aware of the tumor mark-
ers and the rate cyst growth.

Strict follow-up is recommended for cases without HRS,
and it seems important to not miss the development of HRS
at a premalignant stage (4). However, which factors are as-
sociated with the development of HRS during follow-up is
unclear.

The present study explored which WFs of BD-IPMN
were risk factors for the development of HRS during follow-

up.

Materials and Methods

Study design

This single-center retrospective study examined the pre-
dictive factors for the development of HRS from BD-IPMN
during follow-up. Informed consent was obtained from all
participants. The study protocol was approved by the ethical
guidelines of the World Medical Association Declaration of
Helsinki and was approved by the Okayama University Eth-
ics Committee.

Patients and the diagnosis of BD-IPMN

Patients were identified from our EUS database, and con-
secutive patients with a clinical diagnosis of BD-IPMN at
the Okayama University Hospital with a minimum of 12
months follow-up between January 2009 and December
2016 were included in this study. Patients were those with at
least one cross-sectional imaging study (CT, MRI/MRCP,
and EUS) performed three months or longer after the initial
diagnosis. If there were no contraindications, EUS, contrast-
enhanced CT (CE-CT), and MRCP were performed in all
cases at the initial diagnosis. BD-IPMN was defined as the
presence of unilocular or multicystic lesions =5 mm in size
communicating with the MPD, as clearly demonstrated by
CT, MRCP, or EUS. When EUS revealed a suspected nodule
in the cystic lesions, contrast-enhanced EUS (CE-EUS) us-
ing an ultrasound contrast agent (Sonazoid™; Daiichi-
Sankyo, Tokyo, Japan) was performed. If there was an ab-
sence of blood flow signals in the intracystic structures, we
diagnosed it as a protein plaque.

All patients with HRS at the initial diagnosis or with
cysts suggestive of another diagnosis besides BD-IPMN
(e.g., serous cystadenoma, mucinous cystic neoplasm, cystic
neuroendocrine tumor, solid pseudopapillary tumor, or pseu-
docyst) were excluded from the study.

Follow-up and data collection

Patients diagnosed with BD-IPMN underwent radiological
follow-up by CE-CT or MRCP alternately every six months,
and cyst characteristics, including the location, maximum
cyst size, solid component with or without enhancement,
thickened cyst walls, MPD size, lymphadenopathy, and
abrupt change in MPD caliber with distal pancreatic atrophy,
were examined. The CA19-9 serum levels were routinely
measured. The diameter of the cyst and MPD size were de-
fined as the maximum diameter measured by MRCP, as rec-
ommended by the Fukuoka guidelines for evaluating pancre-
atic cysts (3, 5, 6). In multifocal cases, the largest cyst was
used. Thickened cyst walls were defined in cases with cyst
walls thicker than 2 mm. Increased serum levels of CA19-9
were defined in cases with levels >40 U/mL. If findings
such as an increased cyst diameter or appearance of nodules
were suspected on CE-CT or MRCP, EUS was performed.
The follow-up period was set as the time between the initial
cyst diagnosis (the first cross-sectional imaging on which
the cyst was detected) and one of the following endpoints:
the date of the last visit or death for patients without devel-
opment of HRS; date of HRS development; or the date of
the first discovery of malignancy on imaging for patients
with an unresectable tumor.

We recommended surgical resection for cases in which
HRS developed during follow-up. For other patients with a
solid mass suspected of being pancreatic cancer or rapid
growth in the cyst size, we considered surgical resection.
Some patients who met the criteria for resection did not un-
dergo surgery due to severe comorbidities or patient prefer-
ence.

Assessments

The primary outcome was to evaluate the risk factors for
the development of HRS in patients with BD-IPMN without
HRS at the initial diagnosis. The evaluated risk factors were
as follows: a history of pancreatitis, cyst 23 cm, enhancing
mural nodule <5 mm, thickened/enhancing cyst walls, MPD
size 5-9 mm, abrupt change in caliber of the pancreatic duct
with distal pancreatic atrophy, lymphadenopathy, increased
serum level of CA19-9 (>40 U/mL), and cyst growth rate 25
mm/2 years, which is defined as a WF by the Fukuoka
guidelines. The cyst growth rate was calculated as the cyst
size at last follow-up - cyst size at the initial diagnosis/
follow-up period; an increase of >2.5 mm/year was defined
as a WF. Furthermore, the initial cyst size and cyst growth
rate were compared, and cases were assigned to four differ-
ent groups according to the cyst size.

Statistical analyses

Continuous variables were presented as the mean with
standard deviation (SD) or the median with range when ap-
propriate, and categorical variables were expressed as fre-
quencies with percentages. Wilcoxon’s rank sum test was
performed to compare the continuous variables, and Fisher’s
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Figure 1. Flow diagram of the study population.

exact test was performed to evaluate the categorical vari-
ables. A p value <0.05 was considered statistically signifi-
cant. Univariate analyses were performed to predict the odds
ratio (OR) of developing HRS. A multivariate model was
not feasible because of the small sample size of the HRS
group. All statistical analyses were performed using the
JMP® software program, version 14 (SAS Institute, Cary,
USA).

Results

Patient characteristics

A total of 476 patients who underwent EUS for suspi-
cious IPMN on CT/MRCP were identified during the study
period. Among these patients, 48 were excluded for the fol-
lowing reasons: no communication with MPD (n=8), cyst
size <5 mm (n=6), possibility of another pancreatic cyst dis-
ease (n=11), and main duct IPMN (n=23). A total of 428
patients were diagnosed with BD-IPMN. However, those
who underwent surgical resection within 6 months or who
had been diagnosed with advanced pancreatic ductal adeno-
carcinoma (PDAC) or HRS at the initial diagnosis (n=76)
and with follow-up periods of <1 year (n=69) were excluded
from the study. Ultimately, 283 patients were included in
this analysis (Fig. 1).

The baseline characteristics are summarized in Table 1. In
this study, 139 men and 144 women with a mean age of
66.3 years were included. The median follow-up duration
was 53.3 months (13.7-121.6). The WF excluding cyst
growth rate >2.5 mm, which could not be identified at the
initial diagnosis, was detected in 89 WFs of 76 patients at
the initial diagnosis.

Morphological data at the initial diagnosis and dur-
ing follow-up

The mean initial cyst size was 18.0 mm, and the MPD
was 2.5 mm. At the final follow-up examination, the mean
cyst size was 20.4 mm, and the MPD was 2.8 mm. The
mean annual rate of cyst growth was 0.57 mm, and the size

in 21 cases (7.4%) increased by more than 2.5 mm/year,
which is a WF (Table 2). Among these cases, eight had no
WFs at the initial diagnosis. A total of 110 WFs in 84 pa-
tients were ultimately detected at the initial diagnosis, in-
cluding a cyst growth rate >2.5 mm/year.

Development of HRS and risk factors

Of the 283 patients, 10 (3.5%) developed HRS after a
median surveillance period of 55.8 months (range, 30.4-
112.3) before HRS development, including an enhancing
mural nodule >5 mm (n=7), MPD size >10 mm (n=2), and
enhancing solid component >5 mm with an MPD size 210
mm (n=1). No patients developed obstructive jaundice.
Among these patients, five patients developed HRS after a
five-year surveillance period.

We evaluated which WF was a potential risk factor for
the development of HRS in this study (Table 3). The MPD
size (5-9 mm) and cyst growth rate (>2.5 mm/year) were
both suggested as possible risk factors for the development
of HRS (OR 14.2, 95% CI 3.1-65.2, p=0.0006 and OR 6.1,
95% CI 1.5-25.5, p=0.014). An increased serum level of CA
19-9 (>40 U/mL) at the diagnosis was not a feature of HRS
development (p=0.20).

Subsequently, we examined whether or not the simultane-
ous presence of WF at the initial diagnosis could be used as
a predictive marker of HRS development during follow-up.
For each patient, the number of WFs was counted, and the
rate of HRS development was compared (Fig. 2). When the
patients were classified into groups with no WFs, a single
WE, and multiple WFs, HRS development was seen in 4 of
199 (2.0%) patients with no WFs, 1 of 62 (1.6%) patients
with a single WF, and 5 of 22 (22.7%) patients with multi-
ple WFs. The multiple WF group showed a significantly
higher incidence rate of HRS than the other groups, and its
OR was 15.1 [95% confidence interval (CI): 4.0-57.1; p=
0.0003].

Morphological changes in cysts in terms of initial
size

The participants were categorized into 4 groups according
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Table 1. Clinical Characteristics of Patients with Branch-duct In-
traductal Mucinous Papillary Neoplasms.
n=283 n (%)
Gender
Male 139 (49.1)
Female 144 (50.9)
Age (mean+SD), year 66.3x£10.5
Cyst location
Head 140 (49.5)
Body 86 (30.4)
Tail 57 (20.0)
Cyst morphology
Unilocular 36 (12.7)
Multicystic 247 (87.3)
Multifocal disease 162 (57.2)
Initial cyst size (mean+SD), mm 18.0+£9.9
MPD (mean+SD), mm 2.5+1.1
CA19-9 (mean+SD), U/mL 20.3+44.9

Follow-up periods, median (range), month

53.3 (13.7-121.6)

Patients with WFs 76 (26.9)

Counts of WFs at the initial diagnosis 89
Pancreatitis 5
Thickened cyst walls
Cyst size >3 cm 38
Mural nodule <5 mm 4
MPD 5-9 mm 11
Abrupt change in caliber of PD with distal atrophy 1
Lymphoadenopathy 2
CA19-9 >40 U/mL 24

SD: standard deviation, MPD: main pancreatic duct, CA19-9: carbohydrate antigen

19-9, WF: worrisome feature, PD: pancreatic duct

Table 2. Morphological Changes in Cysts (n=283).

Initial Final
Cyst size (mean+SD), mm 18.0+£9.9 20.4+12.4
Cyst growth rate (mean+SD), mm/y 0.57+1.14
Cyst growth rate 22.5 mm/y, n (%) 21 (7.4)
MPD (mean+SD), mm 2.5+1.1 2.8+1.6
CA19-9 (mean+SD), U/mL 20.3+44.9  20.3x41.1

SD: standard deviation, MPD: main pancreatic duct, CA19-9: carbohy-
drate antigen 19-9

to their initial cyst size: group 1, <10 mm (n=51); group 2,
10 mm to <20 mm (n=125); group 3, 20 mm to <30 mm (n
=69); and group 4, 230 mm (n=38). The respective median
annual growth rates for groups 1, 2, 3, and 4 were 0 mm,
0.20 mm, 0.40 mm, and 0.98 mm (Fig. 3). The annual
growth rates were significantly different among the 4 groups
(p<0.001). However, the incidence of newly developed HRS
was not related to the initial cyst size [0% (0/51), 2.4% (3/
125), 5.8% (4/69), and 7.9% (3/38) in groups 1, 2, 3, and 4,
respectively; p=0.11].

Surgery and progress

Of the 10 patients who developed HRS, 3 underwent sur-

gery (diagnosed with IPMN-derived invasive carcinoma in 2
and IPMN with low-grade dysplasia in 1), and 1 was found
to have pancreatic cancer with bone metastases. The other
six patients continued to receive follow-up because of severe
comorbidities or the patient’s preference. In addition, regard-
ing the patients who developed HRS, 5 (1.8%) underwent
surgery, including 2 for suspected concomitant PDAC and 3
due to the patient’s wish in response to cyst size enlarge-
ment after a mean surveillance period of 62.4 months. The
two with suspected concomitant PDAC were pathologically
diagnosed PDAC, while the other three were diagnosed with
IPMN with low-grade dysplasia.

Discussion

Previous reports have shown that the presence of HRS is
associated with a 40% risk of IPMN-related death, reinforc-
ing the notion that surgical resection should be offered to fit
patients (7). In cases of IPMN with HRS, the 3-year pancre-
atic carcinoma risks of obstructive jaundice, an enhancing
solid component, and MPD >10 mm were 79.8%, 37.3%,
and 39.4%, respectively (4). Thus, in the follow-up of BD-
IPMN, HRS is considered the most important factor for pre-
dicting the appearance of IPMN-derived carcinoma. In the
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Table 3. Risk Factors for the Development of HRS.

Development of HRS

Not HRS

Odds ratio (95% CI)  p value
n (%) n=10 n=273

Pancreatitis 0(0) 5(1.8) 0 0.99
Thickened/enhanced cyst walls 1 (10.0) 3(L.1) 10.0 (0.9-105.8) 0.06
Cyst size >3 cm 3(30.0) 35 (12.8) 2.9(0.7-11.8) 0.14
Mural nodule <5 mm 1(10.0) 3(1.1) 10.0 (0.9-105.8) 0.06
MPD 5-9 mm 3(30.0) 8(2.9) 14.2 (3.1-65.2) 0.0006
Abrupt change in caliber of PD with distal atrophy 0(0) 1(0.4) 0 0.99
Lymphadenopathy 0(0) 2(0.7) 0 0.99
CA19-9 >40 U/mL 2 (20.0) 22 (8.1) 2.9 (0.6-14.3) 0.20
Cyst growth rate >2.5 mm/y 3 (30.0) 18 (6.6) 6.1 (1.5-25.5) 0.014

HRS: high-risk stigmata, CI: confidence interval, MPD: main pancreatic duct, PD: pancreatic duct, CA19-9: carbohydrate antigen 19-9

*
| *p<.01
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Figure 3. Depiction of cyst growth rate according to initial
cyst size. The median annual cyst growth rate was 0.57 mm.
The larger the cyst size at the diagnosis, the faster the cyst
growth rate increased.

present study, we explored the risk factors associated with
the development of HRS during follow-up.

Reports have evaluated the risk factors of malignancy as-
sociated with individual cyst features of BD-IPMN, and a
cyst size >3 cm, presence of a mural nodule, and MPD dila-
tation >5 mm proved to be the strongest predictors of pan-
creatic malignancy (8, 9).

In our study, in addition to dilation of the MPD, rapid
cyst growth and multiple WFs were found to be factors po-
tentially associated with the development of HRS. Kang et
al. reported that cysts growing faster than 2 mm/year pre-
sented a significantly higher risk of malignancy in all 201
subjects with an initial cyst size of <30 mm without MPD
dilation and no mural nodule than more slowly growing
cysts (10). Kolb et al. studied a group of 188 patients with
low-risk IPMN, and 12 developed WE. Among them, the
rate of BD-IPMN growth was greater in patients who devel-
oped WF than in those who did not (2.84 mm/year vs. 0.23
mm/year; p<0.001) (11). In a recent study, a rapid cyst
growth rate (22.5 mm/year) was the main predictor of ma-
lignancy development in presumed BD-IPMN without WFs
or HRS (12). In the present study, of the 21 patients with a
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cyst growth rate >2.5 mm/year, 3 (14.3%) developed HRS.
Although most BD-IPMNs are indolent and dormant, some
cysts rapidly grow with the development of HRS. During
surveillance of BD-IPMN, particular focus should be placed
on the cyst growth rate.

In a recently published multi-institutional study by Wilson
et al.,, high-grade dysplasia and invasive carcinoma were
found in 57.4% of patients with multiple WFs, 31.1% with a
single WF, and 24.6% with no WFs, among surgical cases
of IPMN. This study indicated that the number of WFs was
associated with malignancy of BD-IPMN (13). Other studies
have scored the morphology of IPMN and created risk mod-
els for malignancy, arguing that the larger the nodule diame-
ter, cyst size, and MPD diameter, the higher the risk of ma-
lignancy (14). Consistent with these studies, the group with
multiple WFs in the present study developed HRS more fre-
quently than other groups. However, another study found
that the WF counts were not related to the risk of malignant
IPMN. In surgical cases, the mean WF counts were 1.52,
2.11, 2.14, and 2.20 for low-, intermediate-, and high-grade
dysplasia and invasive carcinoma, respectively (15). There-
fore, additional confirmatory studies are necessary to vali-
date our results.

Cyst size >3 cm was not a significant factor in the devel-
opment of HRS, but larger cysts had a greater cyst growth
rate than smaller ones in this study. Han et al. reported that
larger cysts, particularly those larger than 2 cm, showed sig-
nificantly faster annual growth rates, and patients with in-
itially larger cysts developed more WFs during surveillance
than others (16). Thus, the initial cyst size is an important
factor for the follow-up of BD-IPMN as it is related to the
rate of cyst growth. Although a mural nodule, which has
been reported to be associated with cancer in many reports,
was not extracted as a risk factor, our study had too little
power to detect differences due to the small number of cases
with a mural nodule at the initial diagnosis (16, 17).

The American Gastroenterological Association guidelines
recommend discontinuing surveillance of non-progressive
IPMNs within five years (18). Conversely, accumulating evi-
dence suggests that patients with BD-IPMN may remain at
high risk of developing pancreatic carcinoma even after five-
year surveillance (19-21). In a Japanese study involving 804
patients with BD-IPMNs followed for >5 years, the overall
cumulative incidence of pancreatic cancer was 3.5% at 10
years from the initial diagnosis (21). In a study at a US re-
ferral center, high-grade dysplasia and invasive carcinoma
were observed in 20 (5.5%) and 16 (4.4%) patients, respec-
tively, among 363 patients included after 5 years of follow-
up (22). Consistent with these studies, 5 out of the 10 pa-
tients who developed HRS in our study showed HRS after 5
years of follow-up, supporting the prolonged surveillance of
patients with BD-IPMN. Further investigations are warranted
to create surveillance programs based on these results.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective single-center
study with a small sample size. Therefore, the possibility of

unintentional selection bias in the selection of patients could
not be fully excluded. Second, there were only 10 patients
among the 285 included who met the primary outcome (de-
velopment of HRS). Due to the small outcome number, a
multivariate analysis was not performed. A further study in a
large patient cohort with a long follow-up period is required
to validate our results.

In conclusion, this study shows that among BD-IPMN pa-
tients without HRS at the initial diagnosis, 3.5% ultimately
developed HRS during surveillance, and the dilation of the
MPD, rapid cyst growth, and multiple WFs were suggested
to be possible risk factors for the development of HRS. In
cases with such features, it is necessary to closely follow the
development of HRS and be careful not to miss the timing
of surgery.
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