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Abstract

Background
Endoscopic ultrasound-elastography (EUS-EG) is a non-invasive complementary diagnostic method for the
differential diagnosis of solid pancreatic lesions (SPL). However, the optimal strain ratio (SR) value and
diagnostic performance of EUS-EG have not yet been determined in pancreatic neuroendocrine neoplasm
(PNEN), mass-forming pancreatitis (MFP), and pancreatic ductal adenocarcinoma (PDAC). We aimed to
determine the optimal SR value in EUS-EG for differential diagnosis of SPLs.

Methods
A total 134 patients who underwent EUS-EG to evaluate SPL were retrospectively investigated. Patients
were divided into 3 groups – PNEN (n=10), MFP (n=37), and PDAC (n=87). Baseline characteristics and
results of EUS-EG were compared between groups and statistical analyses were performed for differential
diagnosis.

Results
The mean SR values of each group were 11.85±7.56 (PNEN), 11.45±5.97 (MFP), and 22.50 ± 13.19 (PDAC),
respectively. There was signi�cant association between SR value increase and PDAC diagnosis (PNEN
versus PDAC, p=0.0216; MFP versus PDAC, p=0.0006) in multinomial logistic regression analysis. SR value
of 17.14 was con�rmed as the optimal cut-off value for differential diagnosis between MFP and PDAC.

Conclusions
Differential diagnosis of SPL could be performed using EUS-EG. The cut-off SR value presented in this
study is expected to be useful in differential diagnosis.

Clinical trial registration number:
https://cris.nih.go.kr/cris : KCT0002082

Introduction
Endoscopic ultrasound (EUS) has become an essential tool for the investigation of pancreatic diseases.
EUS provides high-resolution images and safely enables tissue imaging acquisition. However, the
differential diagnosis of solid pancreatic lesions (SPLs), especially pancreatic neuroendocrine neoplasm
(PNEN), mass forming pancreatitis (MFP), and pancreatic ductal adenocarcinoma (PDAC), remains a
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clinical challenge. When diagnosing a malignant SPL using EUS-FNA, a negative predictive value (NPV) of
46–80% has been reported. This was also associated with a low but not ignorable risk of complications.1,2

Recently, various efforts have been made to improve the diagnostic yield of EUS for SPL through innovative
and non-invasive methods that analyze the characteristics of the SPL (internal vascularity, stiffness, or
perfusion).3–5 EUS-elastography (EUS-EG) is a non-invasive diagnostic method based on the measurement

of tissue stiffness.6 When pressure induced by the transducer or small vessel movements is applied to a
given tissue, structural deformation (strain) occurs. Strain varies according to tissue stiffness. EUS-EG
describes tissue stiffness in color scales. Soft tissue that presents a large strain is expressed as red color,
while hard tissue with a smaller strain is expressed as blue.7

EUS-EG and semi-quantitative evaluation of the strain ratio (SR) has been used in the differential diagnosis
of SPL.4,8,9 SR is calculated as the ratio of the mean strain in a region of interest (ROI) within the SPL and a
reference area that is usually selected from the adjacent gut wall. This semi-quantitative evaluation can
compensate for the shortcomings of qualitative evaluation using color patterns and diminishes inter-
observer differences.8 In previous studies, several SR values for differential diagnosis had been
suggested.10,11 However, since cut-off values vary between different studies, the optimal cut-off and
reference range SR values for diagnosis using EUS-EG have not yet been determined. This study aimed to
evaluate the impact of EUS-EG for the diagnosis of SPLs, including MFP, PNEN, and PDAC.

Results

Patients’ characteristics
During the study period, 221 patients had undergone EUS-EG for SPL. Among them, 134 patients, whose SR
value could be identi�ed on the EUS images and could be described, were included in the study and were
analyzed. The baseline characteristics of all the patients are summarized in Table 1. The mean patient age
was 62.4 ± 13.4 years. The mean size of the SPL and mean SR were 31.4 ± 14.2 mm and 18.65 ± 12.40,
respectively. Ten (7.5%) patients had PNEN, 37 (27.6%) patients had MFP, and 87 (64.9%) patients were
diagnosed with PDAC.
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Table 1
Baseline characteristics

Variable All patient PNEN MFP PDAC

(n=134) (n=10) (n=37) (n=87)

Age 62.4 (±13.4) 61.6 (±13.5) 54.7 (±12.1) 65.8 (±12.7)

Sex        

Male 79 (59.0) 6 (60.0) 29 (78.4) 44 (50.6)

Female 55 (41.0) 4 (40.0) 8 (21.6) 43 (49.4)

Size of lesion (mm) 31.4 (±14.2) 24.8 ± (16.4) 28.2 (±9.5) 33.5 (±15.2)

Location        

Body-Tail 62 (46.3) 7 (70.0) 12 (32.4) 43 (49.4)

Head 72 (53.7) 3 (30.0) 25 (67.6) 44 (50.6)

Elastography_Color        

Green 18 (13.4) 4 (40.0) 11 (29.7) 3 (3.4)

Blue 116 (86.6) 6 (60.0) 26 (70.3) 84 (96.6)

Elastography_Pattern        

Homogeneous 10 (7.5) 5 (50.0) 2 (5.4) 3 (3.4)

Heterogenous 124 (92.5) 5 (50.0) 35 (94.6) 84 (96.6)

SR value 18.65 (±12.40) 11.85 (±7.56) 11.45 (±5.97) 22.50 (±13.19)

Values are expressed as mean (±SD) or n (%)

Abbreviations: PNEN, pancreatic neuroendocrine neoplasm; MFP, mass-forming pancreatitis; PDAC,
pancreatic ductal adenocarcinoma; SR, strain ratio.

Variables associated with PDAC
Multinomial logistic regression analysis was performed to con�rm whether there were differences in
measured variables between groups (Table 2). When comparing the PNEN group with the MFP and PDAC
groups, a heterogeneous pattern of elastography was signi�cantly associated with MFP and PDAC
(p=0.0142 and 0.0007, respectively). An increase in SR was signi�cantly associated with PDAC when
compared with the PNEN group (odds ratio [OR] 1.265, 95% CI 1.035–1.546; p=0.0216). When comparing
MFP group and PDAC group, older age (OR 1.060, 95% CI 1.018–1.103; p=0.0045), increase of SR (OR
1.184, 95% CI 1.075–1.305; p=0.0006), and female sex (OR 3.448, 95% CI 1.107–10.738; p=0.0327) were
signi�cantly associated with PDAC.
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Table 2
Multinomial logistic regression analysis

Variables PNEN (ref) vs MFP   PNEN (ref) vs PDAC   PNEN (ref) vs PDAC

OR(95%
CI)

P   OR(95%
CI)

P   OR(95% CI) P

Age 0.952
(0.889–
1.021)

0.1669   1.010
(0.941–
1.083)

0.7897   1.060(1.018–
1.103)

0.0045

Sex                

Male ref     ref     ref  

Female 0.783
(0.104–
5.883)

0.8125   2.701
(0.369–
19.793)

0.3282   3.448
(1.107–
10.738)

0.0327

Size of lesion 1.032
(0.961–
1.108)

0.3919   1.029
(0.958–
1.105)

0.4355   0.997
(0.954–
1.043)

0.9056

Location                

Body-Tail ref     ref     ref  

Head 6.008
(0.830–
43.470)

0.0758   2.670
(0.363–
19.617)

0.3346   0.444
(0.148–
1.335)

0.1484

Elastography_Color                

Green ref     ref     ref  

Blue 0.645
(0.066–
6.262)

0.7054   1.703
(0.143–
20.296)

0.6736   2.640
(0.524–
13.316)

`

Elastography_Pattern                

Homogeneous ref     ref     ref  

Heterogenous 31.042
(1.995–
483.033)

0.0142   354.746
(11.858–
>999.999)

0.0007   11.428
(0.710–
184.046)

0.0858

SR value 1.068
(0.875–
1.304)

0.5172   1.265
(1.035–
1.546)

0.0216   1.184
(1.075–
1.305)

0.0006

Abbreviations: PNEN, pancreatic neuroendocrine neoplasm; MFP, mass-forming pancreatitis; PDAC,
pancreatic ductal adenocarcinoma; SR, strain ratio.

The optimal cut-off SR value for differential diagnosis
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After con�rming a signi�cant association between the increase of SR and PDAC, we attempted to �nd the
optimal cut-off SR value for differential diagnosis. After excluding the PNEN group owing to a relatively
small number of patients, propensity score matching was performed to correct for heterogeneity of age,
sex, size, and location of SPL between the MFP and PDAC groups. After propensity score matching, 22
patients in each group were analyzed. There were no signi�cant differences with regard to baseline
characteristics (age, sex, tumor size and location, and elastography color and pattern) between the
analyzed MFP and PDAC groups (Table 3). Even after propensity score matching, there was a signi�cant
difference in mean SR value between the MFP and PDAC groups. (12.33±6.08 vs. 23.37±14.06; p= 0.0019)
(Figure 2). SR value of 17.14 was con�rmed as the optimal cut-off value for differential diagnosis between
MFP and PDAC. Area under the receiver operating characteristic curve was 0.760 regarding the strain ratio
(17.14) for the differential diagnosis (Figure 3).

Table 3
Characteristics of MFP and PDAC group patients, after propensity score matching

Variables MFP PDAC p-value

(n=22) (n=22)

Age 60.6 (±11.4) 61.4 (±11.5) 0.5758

Sex     0.5637

Male 16 (72.73) 17(77.27)  

Female 6 (27.27) 5(22.73)  

Size of lesion 30.0 (±8.6) 30.8 (±13.5) 0.77

Location     >0.999

Body-Tail 8 (36.4) 8 (36.4)  

Head 14 (63.6) 14 (63.6)  

Elastography_Color     0.1025

Green 6 (27.3) 2 (9.19)  

Blue 16 (72.7) 20 (90.9)  

Elastography_Pattern     0.3173

Homogeneous 1 (4.6) 0 (0.00)  

Heterogenous 21 (95.4) 22 (100.00)  

SR value 12.33 (±6.08) 23.37 (±14.07) 0.0019

Values are expressed as mean (±SD) or n (%)

Abbreviations: MFP, mass-forming pancreatitis; PDAC, pancreatic ductal adenocarcinoma; SR, strain
ratio.
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The sensitivity, speci�city, positive predictive value, negative predictive value, and accuracy of this strain
ratio using cut-off value of 17.14 were 68.2% (95% CI: 48.7–87.7), 86.4% (95% CI: 72.0–99.9), 83.3% (95%
CI: 66.1–99.9), 73.1% (95% CI: 56.0–90.1), and 77.3% (95% CI: 64.9–89.7), respectively. When SR cut-off
values of 4.65, 6.04, and 15.41 (derived from previous studies) were used for our patients, diagnostic
accuracy of PDAC were 52.3%, 52.3%, and 77.3%, respectively (Table 4).10,11

Table 4
Accuracy of SR value for the diagnosis of pancreatic cancer based on different cut-off values.

  Present study Reference 1

(cut-off for

sensitivity
derived from

Dawwas et al.11)

Reference 2

(cut-off for

accuracy derived from
Iglesias-Garcia et al.10)

Reference 3

(cut-off for

speci�city
derived from

Iglesias-Garcia
et al.10)

cut-off SR
value

17.14 4.65 6.04 15.41

Sensitivity
(95% CI)

68.18 (48.72–
87.65)

100.00 (100.00–
100.00)

95.45 (86.75–99.99) 68.18 (48.72–
87.65)

Speci�city
(95% CI)

86.36 (72.02–
>99.99)

4.55 (<0.01–
13.25)

9.09 (<0.01–21.10) 86.36 (72.02–
99.99)

PPV (95% CI) 83.33 (66.12–
>99.99)

51.16 (36.22–
66.10)

51.22 (35.92–66.52) 83.33 (66.12–
99.99)

NPV (95% CI) 73.08 (56.03–
90.13)

100.00 (100.00–
100.00)

66.67 (13.32–99.99) 73.08 (56.03–
90.13)

Accuracy
(95% CI)

77.27 (64.89–
89.66)

52.27 (37.51–
67.03)

52.27 (37.51–67.03) 77.27 (64.89–
89.66)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

Discussion
In the present study, we con�rmed that SR measurement through EUS-EG was useful for differential
diagnosis in SPL. The SR value of PDAC patients was signi�cantly higher than that of MFP and PNEN
patients. Even after propensity-score matching, which corrects demographic difference, the SR values
remained signi�cantly different between MFP and PDAC patients. Moreover, we presented an optimal cut-
off SR value that can be used for differential diagnosis of MFP and PDAC. The cut-off value presented in
this study has the advantage that it is independent of demographics and shows improved accuracy
compared to measures reported in previous studies.10,11

EUS-EG has been used for the diagnosis of various pancreatic diseases and prediction of clinical course.
EUS-EG provides more objective information than Rosemont classi�cation for the endoscopic diagnosis of
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chronic pancreatitis.12 Con�rming the degree of pancreatic �brosis through the SR value helped determine
the probability of exocrine insu�ciency in patients with CP.13 Additionally, measuring tissue hardness can
be helpful in the differential diagnosis between hypervascular lesions, pancreatic neuroendocrine tumors,
and metastatic malignant lesions.14 Strain elastography has also been used to estimate the risk of �stula
formation after pancreatic surgery.15–17

As mentioned above, various efforts continue to improve the diagnostic accuracy of EUS for the differential
diagnosis of SPL through elastography. Qualitative elastography, based on the color pattern of SPL, was
mainly used for differential diagnosis in the early period. In the qualitative method, the stiffness of SPL was
assessed by color predominance and distribution (homo- or heterogeneity).18,19 Qualitative EUS showed a
relatively high sensitivity for the diagnosis of malignant SPLs but is a subjective evaluation method.
Therefore, there may be inter-observer disagreement.20,21 To compensate for the shortcomings of the
qualitative method, more objective semi-quantitative methods, such as SR and strain histogram, have been
used.6,11,22,23

Semi-quantitative methods express SPL stiffness as an SR value or a mean histogram value. Previous
studies using semi-quantitative EUS-EG showed that the SR value of a malignant mass was higher than
that of an MFP and could be helpful in the differential diagnosis.10,11 In these studies, an optimal cut-off
value for differential diagnosis had also been proposed, but there was a limitation in that external
validation was not performed in a population other than patients who were investigated. We investigated
whether the cut-off values presented in other studies showed high accuracy as well in our patients and
noted that sensitivity, speci�city, and accuracy were inferior compared to results from our cut-off value. In
one study, 6.04 was presented as a cut-off value and showed 96.0% of accuracy for the differential
diagnosis between PDAC and in�ammatory mass.10 Another study presented 4.65 as their value, with an
86.5% accuracy.11 However, in this study population, their accuracy was only 52.27% each when their cut-
off points were used (Table 4). In previous studies, it is thought that it was di�cult to compare MFP and
PDAC effectively because a relatively small number of patients with benign disease was included. To �nd
an optimal cut-off value, additional research is needed to con�rm whether the cut-off values presented in
various studies have utility in other population groups as well.

However, there are still limitations when using EUS-EG for differential diagnosis. It is not easy to obtain a
stable image lasting more than 5 seconds due to persistent patient breathing and normal bowel
movements. The SR value, calculated by B/A, can be changed greatly even a small change in A, a strain
value of ROI. If the degree of �brosis inside the SPL is heterogeneous, it may be di�cult to obtain a
consistent SR value even through repeated measurements. In the present study, to overcome these
limitations, the ROI was selected as a section that was large as possible in order to re�ect the
characteristics of the entire mass, su�cient time was spent for stable measurement of strain values, and
the average of the more than three strain values was used.

Recently, a new method of elastography, which provides absolute tissue hardness through shear-wave
velocity rather than SR, was introduced. However, this also has limitations, with further requirement for
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validation.24 Finally, EUS-EG is still an adjunctive method and is not a con�rmatory diagnostic modality.
There is thus, a limit to merely providing auxiliary information.

This study had several limitations. First, when compared to MFP and PDAC patients, relatively small
numbers of PNEN patients were investigated. Due to a lack of PNEN patients, the optimal cut-off value for
differential diagnosis between the three groups could not be suggested. The incidence of PNEN is
relatively low, and the patients suspected of having a small-sized PNEN are often followed up using only
imaging tests without a pathological diagnosis. Therefore, we subsequently investigated limited numbers
of PNEN patients. Second, this study had a retrospective nature and was conducted by a small number of
endosonographers. Therefore, a large-scale study conducted by a large number of endosonographers in a
multicenter is needed to suggest universal �ndings. It is necessary to check whether there are differences
depending on the echoendoscope and processor and whether our results were not in�uenced by the
interference of the adjacent organs according to the location of the SPL. Despite these limitations, a
strength of this study was that it was a well-organized study that investigated the cut-off SR value for
differential diagnosis of SPL. This study presented relatively reliable data that suggested a cut-off score
after propensity score matching in a large number of PDAC and MFP patients.

In conclusion, we provided the SR values of various SPLs through a large, retrospective study investigating
quantitative EUS-EG. Moreover, we suggested optimal cut-off values for differential diagnosis between
MFP and PDAC. Although tissue acquisition is essential for con�rmative diagnosis, EUS-EG can provide
helpful information in these cases.

Methods

Study design
This study was conducted as a retrospective investigation of patients who underwent EUS with strain
elastography to evaluate SPLs. Patients were divided into three groups based on their diagnosis. Patient
demographics, location and size of the SPL, and characteristics of EUS–SE were compared between
groups.

A �nal diagnosis was made based on the pathology results of a biopsy or surgical specimen. Among
patients in whom a con�rmed diagnosis could not be obtained through biopsy or surgery, imaging studies
were conducted 6 months after the endoscopic procedure. In cases wherein lesion progression or
metastasis was observed on follow-up imaging, malignancy was considered con�rmed. Benign disease
was considered as con�rmed in cases with a stable lesion without increasing size or metastasis. The
histopathology of PEN was classi�ed according to the WHO classi�cation.25

Patients
We established a prospective registry of patients with pancreatobiliary disease who underwent endoscopic
retrograde cholangiopancreatography or EUS from July 2016 onwards. We collected data to verify the
effectiveness of procedures and identify predictors of complications (clinical trial registration at
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https://cris.nih.go.kr/cris: KCT0002082). Among the patients registered, those who underwent EUS-EG for
SPL evaluation between July 2016 and June 2019 were retrospectively investigated. The inclusion criteria
were as follows: (1) age ≥18 years; and (2) presence of an SPL involving the pancreas, con�rmed by at
least one imaging modality. Patients who had pancreatic cystic lesions and those whose diagnosis had not
been con�rmed pathologically were excluded. All eligible patients were selected from the registry.

Patients were divided into three groups based on their diagnosis; pancreatic neuroendocrine neoplasm
(PNEN group), mass-forming pancreatitis, including chronic pancreatitis and autoimmune pancreatitis
(MFP group), and pancreatic ductal adenocarcinoma (PDAC group). Written informed consent was
obtained from all patients. This study was approved by the Institutional Review Board of Gachon University
Gil Medical Center (GCIRB2016-188) and was conducted in accordance with the principles set forth by the
Declaration of Helsinki.

Endoscopic ultrasound elastography
EUS-EG were performed by experienced endosonographers (JH Cho, EJ Kim, and YS Kim) using a radial or
linear echoendoscope (EG-3670URK, EG-3870UTK; Pentax Medical, Tokyo, Japan) with an ultrasound
processor including the EG module (HI VISION Preirus; Hitachi Aloka Medical, Tokyo, Japan).

EUS-EG were performed according to our institution’s standard protocol as described in our previous
study.9 All endoscopies were performed under conscious sedation with intravenous midazolam and
propofol. SPLs were identi�ed by B-mode EUS at frequency of 7.5 MHz. The probe was maneuvered to the
gastrointestinal lumen to deliver the strain to SPL. For assessment of elastography, different stiffness
values were marked with various colors resulting in different elastographic patterns, which were shown as
superimposed on conventional B-mode EUS images. The ROI for the elastographic evaluation was
manually chosen so that the entire target and surrounding lesions were encompassed. A stable image of
at least 5-second duration was used to perform quantitative analysis and to de�ne �nal pattern. Two
different areas, A and B, were selected. Area A was chosen as the largest possible area of an SPL. Area B
was chosen as a soft (red) peripancreatic area, corresponding to the normal surrounding gut wall. The
quotient B/A was set as the strain SR of elastographic assessment (Figure 1A-C). To minimize selection
bias, stiffness values were calculated thrice for all patients. The SR mean value of these calculations was
then used for the analysis. The elastographic pattern was also de�ned qualitatively based on the
predominant color present and the color distribution.

Study Outcomes and Statistical Analysis
The primary endpoint was to investigate the optimal cut-off SR value for differential diagnosis in SPL.
Continuous variables were expressed as mean ± standard deviation. Categorical variables are expressed
as number and percentage. Multinomial logistic regression was performed to identify independent
variables that showed signi�cant differences between groups. Propensity score matching was performed
using age and sex to eliminate differences in clinicopathological factors between MFP and PDAC. Paired t-
tests were performed to compare the continuous variables and McNemar’s test for categorical variables.
P-values with <0.05 were considered statistically signi�cant.
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Youden's index is used to select the optimum cut-off point based on strain ratio for the diagnostic accuracy
of quantitative EUS-EG. Sensitivity, speci�city, positive predictive value, negative predictive value, and
accuracy for quantitative EUS-SE were calculated with 95% con�dence intervals (CIs). The cut-off values
providing accuracy of quantitative elastography based on previous studies were used to calculate these, as
well as the corresponding cut-offs that stemmed from the present study. All statistical analyzes were
performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). All authors had access to the study data
and reviewed and approved the �nal manuscript.
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Figure 1

Endoscopic ultrasonography elastography measurements of the pancreas in mass forming pancreatitis
(MFP), pancreatic neuroendocrine neoplasm (PNEN) and pancreatic ductal adenocarcinoma (PDAC) group
patient. (a) MFP patient; strain ratio of 5.71. (b) PNEN patient; strain ratio of 6.59. (c) PDAC patient; strain
ratio of 26.91.
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Figure 2

Comparison of strain ratio between MFP and PDAC. The mean strain ratio for MFP and PDAC were 12.33
and 23.37, respectively (P = 0.0019).
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Figure 3

Receiver operating characteristic curve analysis of the cut-off strain ratio value (17.14) for the detection of
pancreatic adenocarcinoma. 


