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Purpose: The aim of this study was to investigate the utility of echo intensity and contrast
enhancement in the differential diagnosis between intraductal papillary mucinous neoplasm with
an associated invasive carcinoma (IPMN-IC) and pancreatic ductal adenocarcinoma (PDAC) on
ultrasonography.

Methods: This study included eight and 37 patients who had pathologically confirmed IPMN-IC
and PDAC, respectively, and were enrolled for a comparative analysis of the sonographic features
of the tumors. In the quantitative echo intensity evaluation, the two groups were compared
with respect to the difference between the tumor intensity and the pancreatic intensity (TI-Pl)
and between the tumor intensity and the vascular intensity (TI-VI). In the quantitative contrast
enhancement evaluation, the increase in echo intensity (ATI) and increase in echo intensity
per unit of time (slope) were compared between the groups. The echo intensity and contrast
enhancement were also compared between the two groups in patients with T3-T4 disease. In
addition, the correlations of the histological type, tumor size, stromal type, and T factor with
echogenicity and contrast enhancement were analyzed.

Results: IPMN-IC had significantly greater echo intensity and contrast enhancement than PDAC
(TI-PI, P=0.004; TI-VI, P=0.001; ATI, P=0.012; slope, P=0.002). In T3-T4 disease, IPMN-IC also
showed greater echo intensity and faster enhancement than PDAC. Echo intensity and contrast
enhancement were correlated with histological type (TI-PI, P=0.003; TI-VI, P<0.001; ATI,
P=0.007; slope, P<0.001).

Conclusion: IPMN-IC and PDAC can be differentiated by the quantitative evaluation of echo
intensity and contrast enhancement.
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Echo intensity and contrast enhancement of IPMN-IC

Introduction

Pancreatic carcinoma ranks fourth among the causes of cancer-
related mortality in the United States and Europe, and it is predicted
to be second to lung cancer by 2020 [1,2]. In addition, advanced
cases of pancreatic carcinoma are common because early detection
is difficult, and therefore the prognosis is poor, with a 5-year survival
rate of less than 10% [3]. Although it is invasive, intraductal papillary
mucinous carcinoma (IPMC) has been reported to have a better
prognosis than pancreatic ductal adenocarcinoma (PDAC) [4-8],
and therefore it is important to differentiate between the two types
of cancer when developing a treatment strategy and estimating the
prognosis. IPMC is the result of a malignant transformation from
an intraductal papillary mucinous neoplasm (IPMN), but PDAC can
coexist with an IPMN, and so it is necessary to differentiate between
them [9-11].

No studies have been published evaluating the tumor echo
intensity and contrast enhancement of IPMC and PDAC by
transabdominal ultrasonography. In this study, we qualitatively
and quantitatively compared the tumor echo intensity and contrast
enhancement of IPMC and PDAC. We then investigated the
usefulness of tumor echo intensity and contrast enhancement in
the differential diagnosis between the two types of tumors, and
ascertained the determining histopathological factors.

Materials and Methods

Subjects

This was a retrospective study approved by the Institutional
Review Board of our hospital. The subjects were 57 patients who
consecutively underwent ultrasonography for pancreatic neoplasms
that were surgically resected and pathologically confirmed to be
IPMC or PDAC between April 2007 and March 2012. Based on
the 2010 World Health Organization classification, IPMC was
subdivided into IPMN with high grade dysplasia (HD) and IPMN
with an associated invasive carcinoma (IC). In order to ensure the
reliability of the quantitative data, cases of IPMN with HD (n=5) and
minimally invasive IPMC (n=2) were excluded from the study. Five
other cases were excluded because of poor imaging of the neoplasm
due to ultrasonic attenuation or interference by gastrointestinal
gas. Forty-five cases were enrolled in the echo intensity evaluation.
Of those 45 cases, 44 were included in the qualitative evaluation
of contrast enhancement; one patient who had not undergone
contrast-enhanced ultrasonography was excluded. For the
quantitative analysis of contrast enhancement, three cases in which
the contrast agent had already been injected in the initial frame or
in which quantitative analysis was difficult due to poor respiratory
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Consecutive 57 cases with IPMC or PDAC performed US examination
15 IPMC
42 PDAC

P 12 Exclusion cases
5 (IPMN with HD)
2 (minimally invasive type)
5 (poor study)

\

Evaluation of intensity using B-mode: 45 cases
8 IPMN with an associated IC
37 PDAC

P 1 Exclusion case
(not performed enhancement)

\

Qualitative evaluation of contrast enhancement: 44 cases
8 IPMN with an associated IC
36 PDAC

3 Exclusion cases
(failure of enhancement)

Quantitative evaluation of contrast enhancement: 41 cases
8 IPMN with an associated IC

33 PDAC

Ultrasonography 36(3), July 2017

Fig. 1. Selection of the study population. IPMC, intraductal papillary
mucinous carcinoma; PDAC, pancreatic ductal adenocarcinoma; US,
ultrasonography; IPMN, intraductal papillary mucinous neoplasm;
HD, high grade dysplasia; IC, invasive carcinoma.

control were excluded. Ultimately, 41 cases were included in the
quantitative evaluation of contrast enhancement. The cases are
summarized in Fig. 1.

Scanning Procedures

The ultrasound apparatuses used were the Aplio XV and Aplio XG
(SSA770A, SSA790A; Toshiba Medical Systems Corp., Otawara,
Japan), and the probes were 3.75-MHz and 6-MHz convex probes
(PVT375BT, PVT674BT). The focal point was the bottom margin of
the lesion. In the contrast-enhanced test, a uniform dose of 0.5 mL
of the ultrasound contrast agent Sonazoid (Daiichi Sankyo, Tokyo,
Japan) was administered in all cases. The imaging modes used were
phase inversion and differential tissue harmonic imaging (D-THI).
The acoustic power was fixed at 4% for the phase inversion mode
(mechanical index [MI]=0.19-0.36), and the Ml was fixed at 0.4 in
the D-THI mode. Contrast enhancement was evaluated in the early
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vascular phase from 10 to 40 seconds.

Image Analysis

Ultrasonography was performed by a single radiologist with over
20 years of experience who had been certified by the Japan Society
of Ultrasonics in Medicine. Another radiological specialist with over
10 years of experience performed the qualitative and quantitative
analyses of intensity and contrast characteristics.

For the qualitative evaluation, tumor intensity was classified into
the following four groups: (1) hypointense, (2) slightly hypointense,
(3) isointense, and (4) hyperintense relative to the normal pancreatic
parenchyma. Hypoechoic lesions with an intensity close to that of
the vasculature that showed strong contrasts with the pancreatic
parenchyma were defined as hypointense, while hypoechoic lesions
with an intensity close to that of the pancreatic parenchyma were
defined as slightly hypointense. They were scored as follows: 1 point,
hypointense; 2 points, slightly hypointense; 3 points, isointense; and
4 points, hyperintense (Fig. 2).

C

Fig. 2. Definition of echo intensity scores.
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For the quantitative analysis, the entire shape of the tumor was
traced as the region of interest (ROI). For comparison, the normal
pancreatic parenchyma and the primary vasculature in the vicinity
were considered the ROI. The signal strength in the ROI was
quantified using US Image Lab ver. 6.4 (Toshiba Medical Systems
Corp., Tokyo, Japan). The quantitative data were used to establish
two parameters: the difference between the tumor intensity and the
pancreatic intensity (TI-Pl), and the difference between the tumor
intensity and the vascular intensity (TI-VI).

In the qualitative evaluation, contrast enhancement was classified
into the following four categories: (1) not stained, (2) slightly/
marginally stained, (3) well stained but weaker than the pancreatic
parenchyma, and (4) well stained and equivalent to the pancreatic
parenchyma, as shown in Fig. 3. They were scored as follows: 1
point, not stained; 2 points, slightly/marginally stained; 3 points, well
stained but weaker than the pancreatic parenchyma; and 4 points,
well stained and equivalent to the pancreatic parenchyma.

In the quantitative evaluation, the point in time when the contrast

A-D. In the qualitative analysis, the echo intensity of the tumor (arrowheads) was categorized and scored as follows: (A) hypointense, 1
point; (B) slightly hypointense, 2 points; (C) isointense, 3 points; and (D) hyperintense, 4 points.
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Fig. 3. Definition of contrast scores.

A-E. In the qualitative analysis, contrast enhancement of the tumor
(arrowheads) was categorized and scored as follows: (A) not stained,
1 point; (B) slightly stained or (C) marginally stained, 2 points; (D)
well stained but weaker than the pancreatic parenchyma, 3 points;
and (E) well stained and equivalent to the pancreatic parenchyma,
4 points. In a tumor with mixed components (arrows in D), mural
nodule enhancement (arrowheads) was clearly distinguished from
the nonenhancing cystic component.

agent flowed into the abdominal aorta or the superior mesenteric
artery in the vicinity of the tumor was set as the start of contrast
enhancement. The chronological changes in the signal strength
in the ROI set at the center of the solid part of the tumor were
measured using Image Lab ver. 3.01 (Toshiba Medical Systems Corp.,
Tokyo, Japan). The ROI for IPMN-IC was placed in the center of the
mural nodule in a way that enabled the exclusion of cystic lesions
and branched pancreatic ducts from the ROI. The histopathology in
the ROl was adenocarcinoma, not adenoma. The parameters of the
increase in echo intensity (ATI) and echo intensity per unit of time
(slope) were used to evaluate contrast enhancement.

Evaluation of the Variables
The echo intensity and contrast enhancement of both groups were

e-ultrasonography.org
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qualitatively and quantitatively compared to validate the usefulness
of the ultrasonic differential diagnosis of IPMN-IC and PDAC. First,
the qualitative echo intensity scores and contrast enhancement
scores were compared between the two groups. TI-Pl and TI-VI were
used to compare the quantitative echo intensity between the two
groups, and ATl and slope were used to compare the quantitative
contrast characteristics.

In addition, to compare patients at the same tumor stage,
the echo intensity parameters (TI-PI and TI-VI) and the contrast
enhancement parameters (ATl and slope) were compared between
the two groups among patients with T3-T4 disease.

In order to verify the histopathological factors pertinent to echo
intensity and contrast enhancement, multiple regression analysis
was performed with the histopathological type, tumor size, stromal
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type, and T factor as variables included in the analysis.

Statistical Analysis

The Mann-Whitney U test was used to compare the qualitative echo
intensity scores and the qualitative contrast enhancement scores
between the two groups. For the quantitative comparison of echo
intensity and contrast enhancement, the t test was used for the
parametric data and the Mann-Whitney U test was used for the
nonparametric data. Multiple regression analysis was used for the
factor analysis of echo intensity and contrast enhancement. SPSS
ver. 22.0 (IBM Corp., Armonk, NY, USA) was used for the statistical
analysis, and the statistical significance threshold was set at P<0.05.

Results

Subject Characteristics and Pathological Factors
The characteristics of the subjects are shown in Table 1. The T factor
was classified into two groups (T1-T2 and T3-T4) according to
the seventh edition of the Union for International Cancer Control
classification.

No significant differences were found between the IPMN-IC
group and the PDAC group in terms of age, sex, body mass index,
neoplasm location, tumor size, T factor, or stromal type.

Qualitative Evaluation of Echo Intensity

The IPMN-IC group included four hypointense cases (50.0%), three
slightly hypointense cases (37.5%), and one hyperintense case
(12.5%), while the PDAC group included 32 hypointense cases

Table 1. Characteristics of the subjects

Masato Saito, et al.

(86.5%), four slightly hypointense cases (10.8%), one isointense
case (2.7%), and no hyperintense cases. The average qualitative
score was significantly higher in the IPMN-IC group (IPMN-IC,
1.75+1.03; PDAC, 1.14+0.42; P=0.009).

Quantitative Evaluation of Echo Intensity

The box-and-whisker plots of the TI-PI and TI-VI results for the
IPMN-IC and PDAC groups are shown in Fig. 4. IPMN-IC was found
to have a significantly higher TI-PI difference than PDAC (IPMN-
IC, -8.0+8.6 dB; PDAC, —15.3+5.7 dB; P=0.004). A similar result
was noted for TI-VI (IPMN-IC, 13.9+5.6 dB; PDAC, 6.1+5.6 dB;
P=0.001).

The box-and-whisker plots of the TI-Pl and TI-VI results for the
IPMN-IC and PDAC in patients with T3-T4 disease are shown in
Fig. 5. The intensity of IPMN-IC was significantly higher than that of
PDAC (TI-PI, P=0.001; TI-VI, P<0.001).

Qualitative Evaluation of Contrast Enhancement

In the IPMN-IC group (n=8), there were six cases that were well
stained but weaker than the pancreatic parenchyma (75%), and
two cases that were well stained and equivalent to the pancreatic
parenchyma (25.0%). In the PDAC group, there were six cases that
were not stained (16.7%), 15 cases that were slightly/marginally
stained (41.7%), 13 cases that were well stained but weaker than
the pancreatic parenchyma (36.1%), and two cases that were well
stained and equivalent to the pancreatic parenchyma (5.5%). [IPMN-
IC had significantly higher qualitative scores than PDAC (IPMN-IC,
3.2+0.4; PDAC, 2.3+0.8; P=0.003).

IPMN-IC (n=8) PDAC (n=37) P-value

Gender Male 3 19 0.699”
Female 5 18

Age (yr) 70.75+10.77 68.38+9.03 0518”

BMI (kg/m’) 20.16+2.43 20.83+3.71 >0.9907

Location Ph 5 24 >0.990"
Pb, Pt 3 13

Tumor size (mm) 37.88+17.34 329241292 06337

Stromal type Scirrhous 1 12 0.405"
Other 7 25

T factor TI-T2 2 6 0618”
T3-T4 6 31

Values are presented as number or mean=+SD.

IPMN-IC, intraductal papillary mucinous neoplasm with an associated invasive carcinoma; PDAC, pancreatic ductal adenocarcinoma; BMI, body mass index; Ph, pancreatic

head; Pb, pancreatic body; Pt, pancreatic tail; SD, standard deviation.
Fisher test. ”Student t-test. “Mann-Whitney U test.
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Quantitative Evaluation of Contrast Enhancement
The box-and-whisker plots of ATl and slope for the IPMN-IC and
PDAC groups are shown in Fig. 6. IPMN-IC exhibited a significantly
greater ATl than PDAC (IPMN-IC, 14.9+4.4 dB; PDAC, 8.8+6.0 dB;
P=0.012). IPMN-IC also exhibited a significantly greater slope than
PDAC (IPMN-IC, 1.8+0.6 dB/sec; PDAC, 0.8+0.6 dB/sec; P=0.002).
The contrast enhancement parameters of ATl and slope were
compared between the two groups of patients with T3-T4 disease.

e-ultrasonography.org

Ultrasonography 36(3), July 2017

The slope of IPMN-IC was significantly greater than that of PDAC
(IPMN-IC, 1.8+0.7 dB/sec; PDAC, 0.9+0.6 dB/sec; P=0.008).
However, a significant difference in ATl was not found between the
two groups (IPMN-IC, 13.9+4.6 dB; PDAC, 9.1+6.0 dB; P=0.081)
(Fig. 7).

Multiple Regression Analysis of the Parameters
The results regarding the correlations of the histopathological
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P=0.002

Fig. 6. Comparison of tumor
enhancement between intra-
ductal papillary mucinous neo-
plasm (IPMN) with an associ-
ated invasive carcinoma (IC)
T and pancreatic ductal adeno-
carcinoma (PDAC).

A, B. Contrast enhancement of
IPMN with an associated IC was
l greater than that of PDAC. AT,

IPMN with an
associated IC

PDAC the increase in echo intensity;
slope, the increase in echo inten-

Slope sity per unit time.

Fig. 7. Comparison of contrast
enhancement between intra-
ductal papillary mucinous neo-
plasm (IPMN) with an associ-
ated invasive carcinoma (IC)
and pancreatic ductal adenocar-
cinoma (PDAC) in patients with
T3-T4 disease.

A.InT3-T4 disease, a significant
T difference in the increase in
echo intensity (ATI) was not
seen between the two groups.
B. In T3-T4 disease, the slope of
IPMN with an associated IC was

P=0.008
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factors with tumor echo intensity and contrast enhancement are
shown in Tables 2 and 3.

Histological type was found to be correlated with all intensity and
contrast parameters (TI-PI, P=0.003; TI-VI, P<0.001; ATI, P=0.007;
slope, P<0.001). In contrast, no significant correlations were
observed among the tumor size, stromal type, or T factor with any of
the intensity parameters or contrast enhancement parameters.

Discussion

In the diagnosis of pancreatic carcinoma, transabdominal ultrasonography
is used not only for detecting small lesions but also for qualitative

266
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PDAC greater than that of PDAC. Slope,

the increase in echo intensity per

Slope (T3-T4) unit time.

diagnoses and assessing disease progression because it is simple,
noninvasive, and has superior resolution. In recent years, contrast-
enhanced transabdominal ultrasonography has been applied to the
pancreas as well, improving the diagnostic potential of qualitative
evaluations [12-15]. It enables observation of the amount of
blood flow to the neoplasm, the detection of small lesions, and
the acquisition of useful information such as the extent of vascular
invasion. Studies of contrast-enhanced endoscopic ultrasonography,
which has high spatial resolution, have also occasionally been
published [16-22].

Pancreatic carcinoma is an illness with difficulties in early
detection and a poor prognosis, but among pancreatic carcinomas,

e-ultrasonography.org
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Table 2. Results of the multiple regression analysis of the intensity parameters

TI-PI TI-VI
95% Cl 95% Cl
B P-value B P-value
Lower Upper Lower Upper
Histological type -0.461 0.003 —-13.360 —2.948 -0.534 <0.001 —13.407 —4.132
Size -0.183 0238 —-0.246 0.063 —0.257 0.087 —0.257 0.018
Stromal type 0.001 0.999 —-4.375 4379 0.063 0.651 -3.020 4778
T factor 0.207 0.179 -1.752 9.066 0.102 0.487 —-3.147 6.489
Tl, tumor intensity; PI, pancreatic intensity; VI, vascular intensity; B, standardized partial regression coefficient; Cl, confidence interval.
Table 3. Results of the multiple regression analysis of the contrast parameters
ATI Slope
95% Cl 95% Cl
B P-value Lower Upper B Prvalue Lower Upper
Histological type —0.445 0.007 —-11.873 -1.976 -0.577 <0.001 —-1.634 —0.540
Size -0.148 0387 -0217 0.086 —-0.097 0533 —0.022 0.012
Stromal type 0.173 0.275 —-1.995 6.808 0.231 0.114 —-0.098 0.875
T factor 0.096 0.567 -3.931 7.063 0.062 0.685 —0.485 0.730

ATI, the increase in echo intensity; slope, the increase in echo intensity per unit time; B, standardized partial regression coefficient; Cl, confidence interval.

IPMC has a better prognosis than PDAC. The 5-year survival rate
of invasive IPMN has been reported to be 34%-43%, while that
of PDAC is 9%-21% [4-8,11]. In addition, IPMC was further
subdivided into carcinoma in situ, minimally IC, and IC in the Japan
Pancreatic Cancer Registry Report 2007, with 5-year survival rates
of 84.2%, 73.2%, and 37.6% respectively, compared to 7.9% for
PDAC [3]. Thus, a difference in prognosis can be seen depending
on the histological type and degree of invasiveness. Some authors
have suggested that this is because IPMC has relatively quiescent
biological characteristics compared to PDAC, and is discovered
at an earlier stage [11]. Thus, differentiating between PDAC and
IPMC, particularly IPMN-IC (IC arising in IPMN), is important for
estimating a patient’s prognosis and developing a treatment
strategy, but no studies have yet explored the use of imaging for
differentiation between these types of cancer. We focused on tumor
echo intensity and contrast enhancement in our investigation of the
possibility of performing a differential diagnosis between IPMN-
IC and PDAC using transabdominal ultrasonography. In addition,
we histopathologically verified the factors that determined tumor
intensity and contrast enhancement.

In this study, we found that IPMN-IC had a qualitatively and
quantitatively higher intensity than PDAC. In addition, echo intensity
was also found to differ according to histological type in patients
with T3-T4 disease. No prior studies have been published of
histological differentiation based on differences in echogenicity. Our

e-ultrasonography.org
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results constitute the first report regarding tumor intensity in cases
of IPMN-IC (IC arising from IPMN), with the characteristic finding
that IPMN-IC was found to have a higher intensity than PDAC. As
for the reason why IPMN-IC has a higher intensity than PDAC, we
surmise that the morphological characteristics of neoplasms that
form papillary projections in the cystic lumen manifest as differences
in echo intensity. In other words, it is conceivably possible that
the numerous minute gaps among papillary neoplasms cause
scattering and multiple reflections, and furthermore that there are
histological heterogeneities resulting from mucus interposed in the
spaces formed by the minute gaps, increasing the intensity. The
histopathology of the high-intensity PDAC showed cancerous ducts
aggregated in the tumor, and the minute gaps inside the ducts are
believed to have contributed to the high intensity.

No prior studies have been conducted on the echo intensity of
IPMN-IC (IC arising in IPMN). The authors of a paper reporting
the sonographic findings associated with invasive micropapillary
carcinoma of the breast discussed the correlation between the echo
intensity and histopathological nature of neoplasms, and stated
that tumors that did not exhibit an enlarged central lumen in tumor
cell clusters had a low echo intensity, whereas cases exhibiting an
enlarged central lumen had a relatively high intensity [23]. This also
indicates that the presence of minute gap spaces is correlated with
echo intensity, supporting our proposed rationale for the high IPMN-
IC intensity.
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In this study, IPMN-IC exhibited quantitatively and qualitatively
greater contrast enhancement than PDAC. Moreover, in the
comparison between patients with T3-T4 disease in the two groups,
the slope of IPMN-IC was greater than that of PDAC. Furthermore,
histological type itself was shown to be a factor determining
contrast enhancement. Takeshima et al. [12] showed that papillary
carcinoma was well stained relative to the pancreatic parenchyma,
whereas tubular adenocarcinoma was weakly stained with contrast-
enhanced ultrasonography. In other words, this fact indicated that
the histological type of a pancreatic carcinoma had an effect on
ultrasonic contrast enhancement. As differences in histological type
were reflected in contrast enhancement in this study, we surmise
the following. Because the ultrasound contrast agent does not
seep into the stroma [24], high vascular density in the tumor and
large average blood vessel size are factors underlying good contrast
enhancement [25,26]. The present results suggest that IPMN-IC
contains more tumor vasculature and has a lower vascular resistance
than PDAC. It is conceivable that in lesions with papillary projections
that proliferate and protrude into a lumen, as is the case for IPMN,
tumor vasculature could be induced, increasing tumor growth and
increasing contrast penetration. Differences in peripheral vascular
resistance, which are indicative of differences in vascular size, are
reflected in slope, and so it is conceivable that PDAC more easily
causes vascular stenosis and occlusion as a result of that invasion,
increasing vascular resistance.

In terms of the diagnostic modality, it is difficult to evaluate
continuous contrast enhancement in a tumor using computed
tomography or magnetic resonance imaging. In contrast, ultrasonography
can be used to evaluate contrast enhancement accurately and
continuously because it offers superior temporal resolution.
Ultrasonography also has superior spatial resolution and is known to
be useful in detecting microcystic lesions in a tumor as well as small
mural nodules. Furthermore, this study showed that echo intensity
was useful in differentiating histological types because it reflected
the tissue structure of the tumor, thereby suggesting the superiority
of ultrasonography in this context.

A limitation of the present study is the problem of the universality
of lesion representation by transabdominal ultrasonography. The
procedure is highly dependent on patient factors and the operator,
and there are cases that are difficult to evaluate due to a deep
lesion or gastrointestinal gas. However, we minimized this problem
in the present study by analyzing results obtained by a single
operator who is an ultrasonography specialist with over 20 years of
experience and who specializes in pancreatic disorders.

A second limitation is the small sample size. It is necessary to
accumulate more cases. A third limitation is that as a retrospective
study, the reliability of the evaluations, including the setting of ROIs,
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is not guaranteed. However, the results from the qualitative and
qualitative evaluations were similar, suggesting that the ROI settings
achieved a certain standard of rigor.

The current study shows that a diagnosis of the histological type
of pancreatic lesions is possible through an evaluation of echo
intensity and contrast enhancement, in addition to the superior
spatial and temporal resolution of transabdominal ultrasonography,
which was useful in differentiating between IPMN-IC and PDAC. In
particular, the qualitative evaluation was supported quantitatively,
enabling differentiation to be made at the time and place of
ultrasonography in clinical cases.
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