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MIB-1 labeling index, Ki-67, is an indicator of invasive
intraductal papillary mucinous neoplasm
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Abstract. Despite strict criteria for the observation of intra-
ductal papillary mucinous neoplasm (IPMN), it remains
difficult to distinguish invasive IPMN from non-invasive
IPMN. The aim of the present study was to identify an indi-
cator of invasive IPMN. The present study retrospectively
evaluated 53 patients (28 with non-invasive and 25 with inva-
sive IPMN) who underwent resection of IPMN, and examined
the usefulness of the MIB-1 labeling index as an indicator of
invasive IPMN. The MIB-1 labeling indexes in patients with
invasive IPMN were significantly higher compared with those
with non-invasive IPMN (P<0.001). A receiver operating
characteristic curve revealed that the area under the curve
was 0.822. These results suggested that a cut-off level for the
MIB-1 labeling index should be set to 15.5% to distinguish inva-
sive from non-invasive IPMN. A multivariate analysis using a
logistic regression model revealed the MIB-1 labeling index
(hazard ratio, 18.692; 95% confidential interval, 4.171-83.760;
P<0.001) and the existence of mural nodules (hazard
ratio, 6.187, 95% confidential interval, 1.039-36.861; P=0.045)
were predictive factors for invasive IPMN. However, no statis-
tically significant differences were observed between patients
with a lower MIB-1 labeling index and patients with a higher
MIB-1 labeling index (P=0.798). The MIB-1 labeling index
must be considered as a candidate for the classification of
IPMN.
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Introduction

Since Ohashi er al (1) first described intraductal papillary
mucinous neoplasm (IPMN) in 1982, IPMNs have become
recognized as the most common of all cystic tumors of the
pancreas, accounting for up to 70% (2). On the basis of the
location of ductal involvement, IPMNs are divided into three
groups: Main duct IPMN, branch duct IPMN and mixed type
IPMN (3). The first International Consensus Guidelines for
IPMN management were published in 2006 (3) and were later
updated in 2012 (4). According to the guidelines, surgical resec-
tion is recommended for all main duct IPMNs due to the high
risk of malignancy (61.6%) and invasive carcinoma (43.1%) (4,5).
By contrast, the frequency of malignant and invasive IPMNs
in branch duct IPMN were reported to be 25.5 and 17.7%,
respectively (4). The latest International Consensus Guidelines,
however, described worrisome features of malignancy, including
a cyst >3 cm, thickened and enhanced cyst walls, main pancre-
atic duct size 5-9 mm, non-enhancing mural nodule, abrupt
change in caliber of duct with distal pancreatic atrophy and
lymphadenopathy (4). No criterion has been proven accurate
in predicting an invasive progression in main duct IPMN (6).
Several previous studies described predictors of malignancy
of main duct IPMN: Older age, more frequent incidence of
jaundice and/or worsening of diabetes, >15 mm dilatation of the
main pancreatic duct and a mural nodule (5,7). However, 29%
of the patients with malignant main duct IPMN were asymp-
tomatic (5), and those with smaller main duct dilatation and no
mural nodule had invasive carcinomas (7). Previously, a number
of additional predictors of malignancy in branch duct IPMNs
were reported: Elevated tumor markers, an increase of cyst size
over time, family history, multifocal IPMN or obesity (8-12).

An unsettled definition of IPMN malignancy makes
comparison of the described data difficult. Certain reports
included cases with carcinoma in situ into those of malig-
nant IPMNs, while other studies enrolled patients with
invasive IPMN only into those of malignant disease. The
new International Consensus Guidelines described carcinoma
in situ as high-grade dysplasia (4).

By contrast, the MIB-1 index has been used for diagnosing
malignancy in other diseases. In neuroendocrine tumors, those
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with an MIB-1 labeling index of <2% are classified as G1, and
those with an index between 2 and 20% as G2. Tumors with an
index of >20% are classified as neuroendocrine carcinoma (13).
In early breast carcinoma, patients with a high MIB-1 labeling
index have a poor prognosis (14). As for IPMNSs, several reports
have presented data of the MIB-1 labeling index (15-22).
However, confusing criteria for the definition of malignant
IPMNs prevent us from comparing these results.

The aim of the present study was to identify clinical
and pathologic features of invasive IPMN using our cohort
approach that simply classifies patients into two groups:
Non-invasive and invasive IPMN. The present study also
aimed to identify the role of the MIB-1 labeling index as an
indicator of invasive IPMNS.

Materials and methods

Patients. A total of 53 patients with IPMNs who underwent
resection of tumors between 2000 and 2010 were enrolled,
in accordance with the guidelines for informed consent and
approval from the Ethics Committee of our institute. Of these
patients, 28 patients exhibited non-invasive IPMN, including
three patients with carcinoma in situ of IPMN, and 25 patients
with invasive IPMN. The neoplasms were classified into
non-invasive IPMNs and invasive IPMNs. Minimally invasive
IPMNSs were classified into invasive IPMNs. The neoplasms
in the head, neck or uncinate process of the pancreas were
treated with pancreaticoduodenectomy, and neoplasms in the
pancreatic body or tail were treated with open or laparoscopic
distal pancreatectomy accordingly.

Analysis on factors for invasive IPMN. As for the clinical
features in determining predictive factors for invasive IPMN,
age, gender, tumor size, type of involved duct (main or mixed
type vs. branch duct), with or without symptoms, dilatation of
the main duct and a mural nodule in pre-operative imaging
modalities, and the MIB-1 labeling index were investigated.

Immunohistochemical analysis. The MIB-1 labeling
index was assessed by immunohistochemistry using an
avidin-biotin-peroxidase complex method. Formalin-fixed,
paraffin-embedded tissue samples were cut into 4 gm-thick
sections. The sections were deparaffinized in xylene and rehy-
drated through a series of decreasing alcohol concentrations.
Following this, they were rinsed three times in phosphate-buff-
ered saline (PBS), and the sections were immersed in an
absolute methanol solution containing 0.3% H,0O, for 30 min at
room temperature to inhibit endogenous peroxidase. Antigens
were retrieved by autoclaving sections on slides in 0.01 M
(pH 6.0) citrate buffer for 10 min. After rinsing in PBS, the
sections were incubated with monoclonal mouse anti-human
antibody against Ki-67 (Clone, MIB-1; cat. no. M724001;
Dako, Tokyo, Japan; 1:50) overnight at 4°C. A further wash
in PBS was followed by treatment with peroxidase-labeled
anti-mouse antibody (Histofine Simple Stain Max-PO (M);
Nichirei, Tokyo, Japan) as the secondary antibody for 30 min
at room temperature. The staining was visualized with
diaminobenzidine. Immunohistochemical evaluations were
performed with a microscope (magnification, x100). A total
of 1,000 tumor cells were counted to assess positive staining,
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Figure 1. MIB-1 labeling index in patients with non-invasive and invasive
IPMN. The MIB-1 labeling index was 13.4+15.8 and 42.4+30.3 in patients
with non-invasive and invasive IPMN, respectively. The data are expressed
as the mean =+ standard deviation ("P<0.001). IPMN, intraductal papillary
mucinous neoplasm.

and the percentages of positively stained cells were determined
as the MIB-1 labeling index.

Statistical analysis. Categorical variables were evaluated by
either the ? or Fisher's exact test. Predictors of invasive IPMNs
were determined with univariate and multivariate analyses
using a logistic regression model. To assess the performance
characteristics of the MIB-1 labeling index, receiver operating
characteristic curves were generated and the area under the
curve was calculated. The survival time was observed between
the date of surgery and date of the last follow-up. Overall
survival was calculated using the Kaplan-Meier method
and differences between the groups were assessed by the
log-rank test. The data are presented as the mean + standard
deviation. All statistical calculations were performed using
SPSS® version 22 (IBM SPSS, Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

MIB-1 labeling index. The MIB-1 labeling index
was 13.4+15.8 in patients with non-invasive IPMN
and 42.4+30.3 in patients with invasive IPMN (Fig. 1). A
statistically significant difference was observed between the
groups (P<0.001). A histogram of the MIB labeling index
was generated according to the pathological grade (Fig. 2).
The labeling index of four patients with invasive IPMN was
under 5% (1 patient, 1% and 3 patients, 5%), while that of three
patients with non-invasive IPMN (2 with carcinoma in situ
component and 1 with high grade dysplasia) was over the
mean labeling index of patients with invasive IPMN.

Performance of MIB-1 labeling index. The receiver operating
characteristic curve is shown in Fig. 3. The calculated area
under the curve was 0.822. At a cut-off level set to an index
of 15.5%, sensitivity was 0.84 and specificity was 0.79. This
resulted in an accuracy of 81% and four patients with inva-
sive IPMN would be misdiagnosed. As shown in Fig. 2, the
four patients with invasive IPMN exhibited 1, 5, 5 and 5% in
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Table I. Comparison of various characteristics between patients with non-invasive and invasive intraductal papillary mucinous
neoplasm.

Non-invasive Invasive
Characteristic (n=28) (n=25) P-value
Age (mean = SD) 66.0+8.7 69.4+99 0.190
Gender 0.184
Male 14 17
Female 14 8
Involved duct 0.059
Branch 10 3
Main or Mixed 18 22
Size 0.743
<3.0 19 18
>3.0 9 7
Symptom 0.694
No 25 21
Yes 3 4
Main Duct Dilatation 0.509
No 7 4
Yes 21 21
Mural Nodule 0.011
No 25 14
Yes 3 11
MIB-1 labeling index <0.001
<15.5% 25 4
>15.5% 3 21

Bold print denotes statistical significance. SD, standard deviation.
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Figure 2. Histogram of the MIB-1 labeling index. (A) Invasive IPMN, and the non-invasive groups, (B) IPMN with carcinoma in situ component, (C) IPMN
with high grade dysplasia and (D) IPMN with low grade dysplasia were plotted. IPMN, intraductal papillary mucinous neoplasm.
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Table II. Univariate and multivariate analysis of potential predictive factors for invasive invasive intraductal papillary mucinous

neoplasm.
Univariate analysis Multivariate analysis

Characteristic HR 95% CI P-value HR 95% CI P-value
Tumor size (>3 cm) 0.821 0.252-2.670 0.743

Main duct or mixed type 4.074 0.972-17.071 0.055

Symptoms 1.587 0.319-7.905 0.573

Main duct dilatation 1.750 0.445-6.882 0423

Mural nodule 6.548 1.560-27.484 0.010 6.187 1.039-36.861 0.045
MIB-1 labeling index (=15.5%) 19.250 4.750-78.011 <0.001 18.692 4.171-83.760 <0.001

Bold print denotes statistical significance. HR, hazard ratio; CI, confidential interval.
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Figure 3. Receiver operating characteristics curve. The calculated area under
the curve was 0.822. " The coordinate point when the cut-off threshold of the
index was set to 15.5%.

the MIB labeling index. Therefore, it was estimated that the
cut-off level of the MIB-1 labeling index be set to 15.5% as a
lower cut-off level was more likely to be inaccurate.

Comparison of characteristics of patients between non-inva-
sive and invasive IPMN. Table I shows the comparison of
characteristics of patients between non-invasive and invasive
IPMN. The mean ages of patients with non-invasive IPMNs
and invasive IPMNs were 66.0+8.7 and 69.4+9.9, respectively.
As for the MIB-1 labeling index, patients with >=15.5% were
classified into the higher group and those with <15.5% into
the lower group. The existence of a mural nodule and a higher
MIB-1 labeling index were significantly more frequent in
the patients with invasive IPMN compared with those with
non-invasive IPMN (P=0.011 and P<0.001, respectively).
No statistically significant difference was observed between
non-invasive and invasive IPMN in the other examined char-
acteristics.

Univariate and multivariate analyses of patients with
non-invasive or invasive IPMN. To determine which factors
are predictors of invasive IPMN, each one was measured using
a logistic regression model. The results are shown in Table II.
In the univariate analysis, the existence of a mural nodule
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Figure 4. Survival of patients with invasive IPMN according to the level
of the MIB-1 labeling index. No statistically significant difference was
observed between the groups (P=0.798). IPMN, intraductal papillary muci-
nous neoplasm.

and the MIB-1 labeling index achieved statistically signifi-
cant differences (P=0.01 and P<0.001, respectively). In the
multivariate analysis, the existence of a mural nodule (hazard
ratio, 6.187; 95% confidential interval, 1.039-36.861; P=0.045)
and the MIB-1 labeling (hazard ratio, 18.692; 95% confidential
interval, 4.171-83.760; P<0.001) were independent predictors
of invasive IPMN.

Survival of patients. The MIB-1 labeling index of the patients
with invasive IPMN was 43.8+29.1. The present study decided
to classify the patients into two groups to evaluate prognosis of
those with invasive IPMN: Patients with a labeling index =50%
and the patients with a labeling index <50%. Fig. 4 shows the
overall survival of the patients with invasive IPMN according
to the level of the labeling index. The median survival of
patients with a lower MIB-1 labeling index was 4.50 years,
whereas that of those with a higher index was 3.53 years. No
statistically significant differences were observed between the
groups (P=0.798).

Discussion

The present results revealed that the MIB-1 labeling index
and the existence of a mural nodule were predictive factors for
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invasive IPMN. Takeshita et al (22) reported the MIB-1 labeling
index as a prognostic factor; however, to the best of our knowl-
edge, this is the first report describing the MIB-1 labeling
index as a predictor of invasive IPMNs. The report by
Takeshita er al (22) revealed statistically significant differences
of the MIB-1 labeling index between low- or intermediate-grade
dysplasia and high-grade dysplasia, or carcinoma in situ compo-
nent, or an invasive component of IPMN (22). Other previous
reports have described the MIB-1 labeling index in the context
of cell proliferation (15-21). Abe et al (18) reported that the
MIB-1 labeling index increased in accordance with adenoma,
borderline lesion and carcinoma in situ. However, as a result of
the confusing criteria for defining malignant IPMN, it is diffi-
cult to compare these results (18). Therefore, the present study
classified the patients into two groups: Non-invasive, including
IPMNs with carcinoma in situ component, and invasive [IPMN.
By contrast, the existence of a mural nodule has been reported
to be a predictive factor for invasive IPMN (6,7).

As for the performance of the MIB-1 index as a predictor
of invasive IPMNs, the receiver operating characteristic
curve proved that an index threshold of 15.5% was the
best to distinguish between non-invasive and invasive
IPMN. However, 4/25 patients with invasive IPMN exhib-
ited 1, 5, 5 and 5% in the MIB labeling index. These patients
could therefore not be detected by a lowered cut-off level.
Among these patients, three patients exhibited a cyst size
>3.0 cm, main duct dilation, or an abnormal tumor marker.
Additionally, two of those exhibtied a mural nodule. They
could be detected as high risk for malignancy by the worrisome
features and/or high risk stigmata. Therefore, a combination of
clinical features, including worrisome features and high risk
stigmata with the MIB-1 labeling index would be useful.

In terms of the prognosis of invasive IPMNSs, the analysis
of the present study revealed no statistical significance
between patients with a lower or higher MIB-1 labeling index.
Takeshita e al (22) reported that IPMN with low- or inter-
mediate-grade dysplasia exhibited a significantly improved
prognosis compared with IPMN with an associated invasive
carcinoma, while no statistically significant difference was
observed between the prognosis of IPMN with high grade
dysplasia and with an associated invasive carcinoma (22). It
was also reported that the MIB-1 labeling index significantly
increased from 1.8% in IPMN with low- or intermediate-grade
dysplasia to 14-23% in carcinoma, concluding that a sudden
change in proliferative activity occurred between the two.
A difference in classification of IPMN existed between the
previous report and the present study, which classified high
grade dysplasia into non-invasive IPMN.

To use the MIB-1 labeling index as a predictor, pre-oper-
ative assessment is required. Fine-needle aspiration biopsy
using endoscopic ultrasonography can provide a preoperative
opportunity to assess the labeling index. However, due to
concerns over intra-abdominal dissemination, fine-needle
aspiration is not always performed prior to operation (23,24).
The feasibility of assessing the MIB-1 labeling index using
fine needle aspiration biopsy under endoscopic ultrasonog-
raphy must be determined by a clinical research in the future
since tumors have heterogeneity in the MIB-1 labeling index.

In conclusion, the MIB-1 labeling index and the existence
of mural nodules were proven to be useful as an indicator

321

of invasive IPMN. Although malignancy of certain patients
failed to be detected by the MIB-1 labeling index, a combina-
tion of worrisome features and high risk stigmata, including
the existence of mural nodule) may assist in accurately diag-
nosing patients with invasive IPMN. The MIB-1 index must
be considered as a candidate for the classification of IPMNG.
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