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intraductal papillary mucinous neoplasm of pancreas
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Purpose: Intraductal papillary mucinous neoplasm (IPMN] has variable malignant potential ranging from premalignant
intraductal lesions to malignant neoplasms with invasive carcinoma. To help physicians managing patients with IPMN,
International consensus guidelines was made in 2006 and revised in 2012. This study was designed to evaluate the clinical

usefulness of guidelines and to validate.

Methods: From October 1996 to December 2011, we retrospectively reviewed the data of 230 patients who underwent
pancreatic resection for IPMN. Univariate and multivariable analyses were used to identify significant predictors of

malignancy in IPMN.

Results: Of the 230 patients, 62 patients (27%) were diagnosed with invasive carcinoma. Jaundice (P < 0.001; 95%
confidence interval [Cl], 3.086-40.010) main pancreatic duct diameter equal to or greater than 10 mm (P < 0.001; 95%
Cl, 1.723-6.673) and also abdominal pain (P < 0.001; 95% Cl, 4.363-22.600) show statistical significance in univariate and
multivariate analysis. “High-risk stigmata” was statistical powerful predictors of malignancy than “worrisome features”.
International consensus guidelines 2012 had improvement on specificity but deterioration of sensitivity.

Conclusion: Revised guidelines seemed to bring about an improvement of weak side of Sendai criteria. Abdominal pain,
jaundice, main pancreas duct greater than 10 mm can be clinical variables to predict malignancy.

[Ann Surg Treat Res 2016;90(3):124-130]
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INTRODUCTION

Noninflammatory cystic lesions of the pancreas are more
common than previously recognized and being diagnosed with
increasing frequency [1]. In autopsy study, small cystic lesions
were found in nearly half of the 300 patients studied, the
prevalence increasing with age [2]. It is therefore not surprising
that with the increasing use of high-resolution abdominal
imaging techniques, cystic neoplasms of the pancreas are being
increasingly identified often as incidental findings [3].

Intraductal papillary mucinous neoplasm (IPMN) has variable

malignant potential ranging from premalignant intraductal
lesions to malignant neoplasms with invasive carcinoma. Com-
pared to noninvasive IPMN, invasive cancers confer a distinct
worse prognosis, with a 5-year overall survival (OS) of 36%-70%
[4,5]. Clinically, IPMN is classified into three types according to
the involvements of pancreatic ducts: main duct (MD) IPMN,
branch duct (BD) IPMN, and mixed type IPMN. The malignancy
risk of BD-IPMN, MD-IPMN and mixed type IPMN is 24.4%,
62.2%, and 57.6%, respectively [6].

To help physicians managing patients with cystic neoplasms
of the pancreas, international consensus guidelines for IPMN
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and MCN of pancreas was made in 20006 [7]. Subsequent studies
have been performed to identify factors predicting malignancy
and indications for surgical resection of IPMN, especially the
BD type because it is most common variant of this disease, has
the lowest risk of malignancy, and is most often diagnosed
incidentally [8]. And a large number of series validating the
safety of this approach have been published [9-18] although
some have reported risk of cancer in small BD-IPMN of up to
20% [19-21]. 1t resulted in a second set of international consensus
guidelines, published in 2012 [6]. After new guidelines were
published, many studies have been done to prove how effective
the guidelines are. But yet, it is still debatable [22-25]. This study
was designed to evaluate the clinical usefulness and to validate
international consensus guidelines 2012 (ICG™").

METHODS

Patient selection
This study included consecutive 230 patients who underwent

surgery for IPMN at Samsung Medical Center from October
1996 to December 2011. For the purpose of this study, this
database was retrospectively analyzed and supplemented with
a review of electronic medical records.

Diagnosis and classification
IPMN was diagnosed by contrastenhanced CT, MRI/magnetic

resonance cholangiopancreatography. Lesions were classified
into 3 types: MD, BD, and mixed type based on international
consensus guidelines 2006 (ICG™™). They were reclassified
into 3 groups: "high risk stigmata”, "worrisome features”, "no
criteria” based on ICG™? Then compare the results according
to each guidelines. The number of high-risk stigmata was
expressed as "HRS score”. Patients with any of the high risk
stigmata were classified into the "high risk stigmata” group.
Patients with HRS score of 0 were assessed for worrisome
features, with the number of worrisome features expressed as
"WF score”. Patients with WF scores of 1 or more were classified
into the "worrisome features” group and those with WF scores
of 0 were classified into "no criteria” group.

Clinical variables
“High-risk stigmata” include obstructive jaundice (serum

total bilirubin > 1.5 mg/dL and lesion in pancreas head),
enhanced solid component, and dilation of the main pancreatic
duct (MPD) to a diameter greater than 10 mm with surgical
resection strongly recommended for patients with any of these
stigmata. In contrast, worrisome features include the 6 factors:
history of pancreatitis, maximal cyst diameter greater than
30 mm, thickened and enhanced cyst walls, MPD diameter 5
to 9 mm, nonenhanced mural nodules, abrupt change in the
caliber of the MPD with distal pancreatic atrophy. We also

include abdominal pain, CEA level, CA 19-9 level, age, sex then
analyzed each clinical variables to figure out what could predict
malignancy.

Pathology
IPMN was diagnosed according to the 2010 World Health

Organization criteria. It is categorized as low, intermediate
or high grade; other lesions were described as IPMN with
associated invasive carcinoma. In this study, low, intermediate
grade dysplasias were classified as benign and high grade
dysplasia and IPMN with associated invasive carcinoma as
malignancy.

Statistical analysis
All statistical analyses were performed using IBM SPSS ver.

18.0 (IBM Co., Armonk, NY, USA). Results were expressed as
mean * standard error and median with range. Comparisons
between 2 groups were assessed using the chi-square test,
Fisher exact probability test, or the Mann-Whitney U-test, as
appropriate. Risk factors were validated by logistic regression
test. disease-free survival (DFS) and OS were assessed using
Kaplan-Meier method. Differences were considered significant
when P < 0.05.

RESULTS

Demographic and clinical characteristics
The demographic and clinical characteristics of the 230

identified patients are shown in Table 1. Median patient age
was 63.0 years (range, 32-85 years) and male to female ratio
was 198:1. Median CEA level was 2.8 ng/mL (range, 0.16-119.50
ng/mL) and median CA 19-9 level was 209.1 U/mL (range,
0.1-43,983.9 U/mL). Of 230 tumors, 130 (56.5%) were located
in head of pancreas. Mean cyst size was 3.6 cm and mean
MPD size was 0.58 cm. BD type IPMNs were 114 (49.6%) and
Pylorus-preserving pancreatoduodenectomy was the most
performed procedure (86 patients, 37.4%), followed by distal
pancreatectomy (72 patients, 31.3%) and Whipple operation
(33 patients, 14.3%). Most common pathology type was low
or moderate grade dysplasia (153 patients, 66.5%), followed by
invasive carcinoma (62 patients, 27%) and high grade dysplasia
and noninvasive carcinoma (15 patients, 6.5%) (Table 1).

Diagnostic significance of “worrisome features” and
“high-risk stigmata” for predicting malignancy
Table 2 shows the diagnostic significance of clinical value of

"worrisome features” and "high-risk stigmata” for predicting

malignancy. None of clinical value of "worrisome features'

shows statistical significance for predicting malignancy.

Otherwise, two of three clinical values of "high-risk stigmata”

shows statistical significance for predicting malignancy,
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Table 1. Demographics and clinical characteristics of study
patients (n = 230)

Variable Value

Age (yr) 63.0 (32-85)
Sex, male:female 1.98:1
CEA (ng/mL) 2.8 (0.16-119.50)
CA 19-9 (U/mL) 209.1 (0.1-43,983.9)
IPMN type

Main duct 62 (27.0)

Branch duct 114 (49.6)

Mixed 54 (23.3)
Location

Head 130 (56.5)

Body, tail 96 (42.2)

Diffuse 4(1.8)
Cyst size (cm) 3.6 +£2.85
Main pancreatic duct size (cm) 0.58 +0.4
Mural nodule (cm) 1.16 £ 0.26
Operation

Pancreatoduodenectomy 33 (14.3)

PPPD 86 (37.4)

Distal, subtotal pancreatectomy 72 (31.3)

Total pancreatectomy 2109.2)

Median pancreatectomy 6(2.6)

Enucleation 12 (5.2)
Pathology

Low or moderate grade dysplasia 153 (66.5)

High grade dysplasia or noninvasive 15 (6.5)

carcinoma

Invasive carcinoma 62 (27)

Values are presented as median (range), number (%), or mean +
standard deviation.

IPMN, intraductal papillary mucinous neoplasm; PPPD, pylorus
preserving pancreatoduodenectomy.

Table 2. Univariate analysis of predicting factors for malig-
nant IPMN

Malignant

Variable (n = 77), n (%) P-value”
CA 19-9 > 37 U/mL 19 (25) 0.057
Age > 65 yr 27 (35) 0.240
Pancreatitis 16 (21) 0.063
Cyst size >3 cm 46 (60) 0.200
Abdominal pain 29 (38) <0.001
Male sex 48 (62) 0.130
Mural nodule 20 (26) 0.180
Jaundice 14 (18) <0.001
MPD > 10 mm 25 (32) <0.001

IPMN, intraductal papillary mucinous neoplasm; MPD, main
pancreatic duct.
“Chi-square test or Fisher exact test.

jaundice (P < 0.001; 95% CI, 3.086—40.010) and main pancreatic
duct diameter greater than 10 mm (P < 0.001; 95% CI,

Table 3. Multivariate analysis of predicting factors for malig-

nancy of IPMN

Variable B P-value 95% Cl
Pancreatitis -0.168 0.76 0.283-2.525
Cyst size >3 cm 0.421 0.21 0.781-2.973
Abdominal pain 2.570 <0.001 5.266-32.427
Male sex -0.521 0.14 0.294-1.199
Mural nodule 0.398 0.39 0.600-3.691
Jaundice 2.872 <0.001 4.403-70.982
MPD > 10 mm 1.177 0.005 1.428-7.365

IPMN, intraductal papillary mucinous neoplasm; B, indicates
regression coefficient; Cl, confidential Interval; MPD, main
pancreatic duct.

Table 4. Influence of the number of “worrisome feature” and
“high risk stigmata” on the prediction of malignancy of IPMN

Malignant

Variable (n=77) P-value 95% ClI
Worrisome feature 25(32) 0.490 0.586-3.036
WE score = 1 10 (13) 0.170  0.759-4.450
WE score = 2 14 (18) 0.022 1.166-7.046
WE score > 2 1(1) 0.350 0.378-15.089
High risk stigmata 43 (56) <0.001 2.138-6.895
HRS score =1 28 (37) <0.001 1.706-6.149
HRS score > 1 15 (19) <0.001 3.530-30.709

IPMN, intraductal papillary mucinous neoplasm; Cl, confidence
interval; WF, worrisome feature; HRS, high risk stigmata.

Table 5. Subgroup analysis of patients with mural nodule
depending on size for predicting malignancy of IPMN

Mural nodule

. B P-value 95% ClI
size (cm)
>1 0.022 0.978 0.210-4.978
>1.5 -0.916 0.512 0.026-6.176
>2 0.693 0.638 0.112-35.807

IPMN, intraductal papillary mucinous neoplasm; B, indicates
regression coefficient; Cl, confidence interval.

1.723-6.673). And also abdominal pain (P < 0.001; 95% CI,
4363-22.600) shows statistical significance. With multivariable
analysis, those 3 factors also show statistical significance
(jaundice: P < 0.001; 95% CI, 4.403-70.982; MPD > 10 mm: P =
0.005; 95% CI, 1.428-7365; abdominal pain: P < 0.001; 95% CI,
5.266-32.427) (Table 3).

Table 4 shows influence of HRS scores and WF scores on the
prediction of malignancy. Patients with any of clinical value of
"worrisome features” don't have statistical significance. Only
"WF scores = 2" group shows statistical significance (P =
0.022; 95% CI, 1.166-7.046). Otherwise patients with "high-
risk stigmata” shows statistical significance for predicting
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malignancy (P < 0.001; 95% CI, 2.138-6.895) and cumulative in
risk prediction as there is stepwise increase.

Clinical significance of mural nodule size for pre-

dicting malignancy

Presence of mural nodule did not have statistically signi-
ficance for predicting malignancy in our study. But many
studies showed mural nodule could be one of powerful
malignancy predicting factor [16,17]. For further evaluation,
we made 3 subgroups of patients with mural nodule depends
on size (Table 5). Nevertheless, none of subgroups showed
statistically significance for predicting malignancy.

Comparison between ICG** and ICG™"
Figs. 1 and 2 show sensitivity and specificity of ICG* and

ICG™”, When we used ICG™”, sensitivity was 90%, specificity
was 34%. Positive predictive value (PPV) and negative predictive
value (NPV) was 41% and 87%. Otherwise with 1CG*",
sensitivity was 55%, specificity was 78%. PPV and NPV was 55%
and 78%.

Figs. 3 and 4 show DFS and OS between "with guidelines”
group and "without guidelines” group for each guidelines.
"With guidelines” group is in accord with guideline and
"without guidelines” group is not in accord with guidelines.
Median follow-up period was 39.4 months. Even though the
only statistically powerful result was comparison DFS between
"with 1CG2012" and "without ICG*'*", all DFS and OS were
lower in "with guidelines” group. It could infer patients who
were treated by guidelines had more severe disease progression
indirectly.

DISCUSSION

The main purpose of this study was to figure out how effec
tive and useful revised new guidelines, published 2012, are.
Furthermore we tried to figure out which clinical variable
could predict malignancy. Our results confirm that updated
guidelines seemed to bring improvement of weak side of ICG™™.
However updated guidelines need more supplementation.

A natural history study estimated the 5-year actuarial risk

170 With guideline
indication

60 Without guideline
indication

76 With guideline
indication

154 Without guideline
indication

| 101 Benign| |69 Malignant| | 52 Benign | | 8 Malignant |

Fig. 1. Classification of IPMN patients based on International
Consensus Guideline 2006. IPMN, intraductal papillary
mucinous neoplasm. Sensitivigy, 90%; Specificity, 34%;
positive predictive value, 41%; negative predictive value,
87%.
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Fig. 2. Classification of IPMN patients based on International
Consensus Guideline 2012. IPMN, intraductal papillary
mucinous neoplasm. Sensitivigy, 55%; Specificity, 78%;
positive predictive value, 55%; negative predictive value,
78%.
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Fig. 3. (A) Disease-free survival between “With ICG**” group and “Without ICG*™*” group. (B) Disease-free survival between
“With ICG**"*" group and “Without ICG**"*” group. ICG, international consensus guideline.

Annals of Surgical Treatment and Research 127



128

Annals of Surgical Treatment and Research 2016;90(3):124-130

A -
1.0 1 W
> 0.8
3 P =0.268
2 0.6
o
o
S 0.4-
s
=)
w
0.2
—— Without ICG™®
0 —— With ICG™™®
T T T T T 1
0 50 100 150 200

Overall survival

B —_
1.0 e
> 0.8
2 06 P=0.198
3 0.
o
S 04+
s
=}
(7))
0.2
—— Without ICG™"
0- —— With ICG™"”
T T T T T 1
0 50 100 150 200

Overall survival

Fig. 4. (A) Overall survival between “With ICG**” group and “Without ICG*” group. (B) Overall survival between “With
ICG*"*” group and “Without ICG*"*” group guideline 2012. ICG, international consensus guideline.

for BD-IPMN progressing to high grade dysplasia to be 15%,
which was significantly lower than that observed for MD-
IPMN . Other study shows that those who managed with
observation based on ICG**"?, over median follow-up for 5
years, 21% required surgical resection [26]. Considering other
results of studies, many of patients with IPMN can be managed
with observation, so it is required to make precise diagnosis
of malignancy to avoid unnecessary surgeries. In this study,
statistical significant clinical variables predicting malignancy
were abdominal pain (P < 0.001), jaundice (P < 0.001), MPD
diameter greater than 10 mm (P < 0.001). Other studies said
that cyst size greater than 3 cm, mural nodules, CA 19-9 greater
than 37 U/mL, age, sex showed statistical significance [24,26],
but our study showed there were no statistical significance.

After ICG™® was published, many studies had been per-
formed and found several characteristics. One of the char-
acteristics of ICG™* was high sensitivity and relative low
specificity [11,12,15]. Our study had a sensitivity and specificity
of 90%, 34% respectively. However, application of ICG*, we had
a sensitivity and specificity of 55%, 78%. New guidelines had
improvement on specificity but not on sensitivity. In general,
ICG™" was less stringent in recommending resection for IPMN
compared with ICG*™ and proposed surveillance for a greater
proportion of IPMN. Criteria such as the presence of symptoms
and pancreatic juice cytology which have been shown to be as-
sociated with malignancy [27], have been removed from the
updated guidelines, allowing many patients with symptoms
and elevation of CEA in pancreas juice without "worrisome” or
"high risk stigmata” features to be observed [28]. More studies
are needed to improve both sensitivity and specificity.

There are some limitations to this study. First, many of
patients did not get endoscopic ultrasonography - fine needle
aspiration (EUS-FNA) so that it is limited to evaluate surgical
indications of ICG*", Pancreatic juice cytology potentially

has important roles to determine the adequate treatment
choice in patients with IPMN with "worrisome features”,
and to detect significant lesions that could not be detected
by other imaging modalities [27]. CEA concentrations greater
than 30 ng/mL in pancreatic juice were found to differentiate
between nonmalignant and malignant IPMN with sensitivity,
specificity, and accuracy of 94%, 85%, and 90%, respectively
[29]. Carcinoembryonic antigen concentrations greater than
200 ng/mL in cyst fluid collected by EUS-FNA had sensitivity,
specificity, PPV, and NPV for the diagnosis of malignant [PMN
of 90%, 71%, 47%. and 96% [30]. The addition of EUS-FNA to
abdominal imaging such as CT and MRI significantly increase
overall accuracy for diagnosis of neoplastic pancreatic cysts.
From now we need to perform EUS to diagnosis and treat
IPMN for reducing unnecessary surgery. Second, this study was
designed as retrospective evaluation of data, analysis of only
patients who underwent surgery. Comparing with those who
managed with observation, we may find better outcomes.

In conclusion, revised guidelines seemed to bring about an
improvement of weak side of Sendai criteria. Bur it still needs
supplementation to improve accuracy for predicting malignancy
of IPMN. In our study, abdominal pain, jaundice, main pancreas
duct greater than 10 mm can be clinical variables to predict
malignancy.
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