
6284 October 7, 2013|Volume 19|Issue 37|WJG|www.wjgnet.com

Endoscopic ultrasound elastography for differentiating 
between pancreatic adenocarcinoma and inflammatory 
masses: A meta-analysis

Xiang Li, Wei Xu, Jian Shi, Yong Lin, Xin Zeng

Xiang Li, Jian Shi, Yong Lin, Xin Zeng, Department of Gas-
troenterology, Shanghai Changzheng Hospital, Second Military 
Medical University, Shanghai 200003, China
Wei Xu, Spine Tumor Center, Changzheng Hospital, Second 
Military Medical University, Shanghai 200003, China
Author contributions: Li X and Xu W acquired, analyzed and 
interpreted data, and drafted and revised the article; Shi J and 
Lin Y analyzed and interpreted data; Zeng X designed the study; 
and all the authors have read and approved the final version to be 
published. 
Supported by The National Natural Science Foundation of 
China, No. 81070347, 30971346 and 81000167
Correspondence to: Xin Zeng, MD, Department of Gastroen-
terology, Shanghai Changzheng Hospital, Second Military Medi-
cal University, Shanghai 200003, 
China. zenxing1978@yahoo.com.cn
Telephone: +86-21-81885342  Fax: +86-21-81886924
Received: January 17, 2013      Revised: April 24, 2013
Accepted: May 16, 2013
Published online: October 7, 2013

Abstract
AIM: To evaluate the accuracy of endoscopic ultra-
sound (EUS) elastography for differentiating between 
pancreatic ductal adenocarcinoma (PDAC) and pancre-
atic inflammatory masses (PIM).

METHODS: Electronic databases (updated to Decem-
ber 2012) and manual bibliographical searches were 
carried out. A meta-analysis of all diagnostic clinical 
trials evaluating the accuracy of EUS elastography in 
differentiating PDAC from PIM was conducted. Hetero-
geneity was assessed among the studies. The meta-
analysis was performed to evaluate the accuracy of 
EUS elastography in differentiating PDAC from PIM in 
homogeneous studies. 

RESULTS: Ten studies involving 781 patients were 
included in the analysis. Significant heterogeneity in 

sensitivity was observed among the studies (Cochran 
Q  test = 24.16, df  = 9, P  = 0.0041, I 2 = 62.8%), while 
heterogeneity in specificity was not observed (Cochran 
Q  test = 5.93, df  = 9, P  = 0.7473, I 2 = 0.0%). The 
area under the curve under the Sports Rights Owners 
Coalition was 0.8227. Evaluation of heterogeneity sug-
gested that the different diagnostic standards used in 
the included studies were the source of heterogene-
ity. In studies using the color pattern as the diagnostic 
standard, the pooled sensitivity, specificity, positive like-
lihood ratio (LR), negative LR and diagnostic OR were 
0.99 (0.97-1.00), 0.76 (0.67-0.83), 3.36 (2.39-4.72), 
0.03 (0.01-0.07) and 129.96 (47.02-359.16), respec-
tively. In studies using the hue histogram as the di-
agnostic standard, the pooled sensitivity, specificity, 
positive LR, negative LR and diagnostic OR were 0.92 
(0.89-0.95), 0.68 (0.57-0.78), 2.84 (2.05-3.93), 0.12 
(0.08-0.19) and 24.69 (12.81-47.59), respectively.

CONCLUSION: EUS elastography is a valuable method 
for the differential diagnosis between PDAC and PIM. 
And a preferable diagnostic standard should be ex-
plored and improvements in specificity are required.

© 2013 Baishideng. All rights reserved.
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Core tip: Pancreatic inflammatory masses (PIM) are 
easily confused with pancreatic ductal adenocarcinoma 
(PDAC). Endoscopic ultrasound (EUS) elastography is 
a promising noninvasive method for differentiating be-
tween PDAC and PIM and may prove to be a valuable 
supplemental method to EUS-guided fine-needle aspi-
ration.
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INTRODUCTION
Pancreatic cancer is a highly lethal disease, and approxi-
mately 90% of  pancreatic tumors are pancreatic ductal 
adenocarcinoma (PDAC) which has an extremely poor 
prognosis[1,2]. The 5-year survival rate of  PDAC is as low 
as 0.2%[3]. The only potentially curable treatment which 
is surgical resection, relies on early diagnosis[4]. Pancreatic 
inflammatory masses (PIM) are confused with PDAC[5]. 
The differential diagnosis between PDAC and PIM is 
currently still difficult due to non-specific symptoms, 
signs or imaging presentations[6].

Endoscopic ultrasound (EUS) elastography is a re-
cently developed technique for the differential diagnosis 
of  benign and malignant pancreatic masses and mea-
sures the mechanical properties of  tissues[7-14]. The tissue 
elasticity modulus is represented by a transparent color 
superimposed on the conventional gray-scale B-mode 
scans. The nature of  the tissue is analyzed either by a 
qualitative method where blue-predominant represents 
malignancy or a quantitative method where a value of  
more than 175 represents malignancy.

 Pancreatic masses include PDAC, PIM, neuroendo-
crine tumors, metastatic tumors, lymphoma, sarcoma, in-
sulinoma and lipoma. Several meta-analyses have evalu-
ated the accuracy of  EUS elastography in the diagnosis 
of  pancreatic masses. The overall accuracy of  EUS elas-
tography in differentiating between PDAC and PIM has 
not been assessed. The aim of  this study was to perform 
a meta-analysis of  existing studies to assess the accuracy 
of  EUS elastography in differentiating between PDAC 
and PIM. 

MATERIALS AND METHODS
Study selection
Studies were selected according to the inclusion and 
exclusion criteria which were delineated prior to the lit-
erature search. The inclusion criteria were: (1) diagnostic 
clinical trials assessing the accuracy of  EUS elastography 
for differentiating between PDAC and PIM; (2) cytology 
of  EUS-guided fine-needle aspiration (FNA) samples, 
histopathology of  surgical specimens or a follow-up 
period of  at least 6 months as a reference standard; and 
(3) sufficient data to construct a 2 × 2 table for true-
positive, false-positive, false-negative and true-negative 
findings. 

Studies were excluded if  they met the following cri-
teria: (1) studies without complete data available for con-
structing a 2 × 2 table for true-positive, false-positive, 
false-negative and true-negative findings; (2) studies 

updated or duplicated; (3) studies which did not report 
their own data such as editorials, reviews, corresponding 
letters; and (4) case reports.

Literature search
Using the Medline, Embase, Web of  Science, and 
Cochrane Central Trials databases up to Dec. 2012, a 
systematic literature search was conducted. The search 
strategy was (“elastogram” or “elastography” or “elasto-
sonoendoscopy” or “sonoelastography”) and (“pancre-
atic” or “pancreas” or “adenocarcinoma” or “inflamma-
tory mass”). To expand the search, we also performed 
a manual search of  abstracts presented at the United 
European Gastroenterology Week (UEGW) congresses 
and the American Digestive Disease Week (DDW) from 
2000 to 2012. The bibliographies of  each peer-reviewed 
paper were screened for other potentially relevant stud-
ies. If  missing data were needed, we contacted the ap-
propriate authors by mail.

Statistical analysis
Data on the differentiation between PDAC and PIM 
were extracted. The Cochrane Q test was used to assess 
heterogeneity with a P value < 0.10[15]. I2 was used to 
describe the percentage variability attributable to hetero-
geneity rather than sampling errors. I2 > 25% indicated 
the presence of  heterogeneity. The Spearman ρ between 
the logit of  sensitivity and logit of  1-specificity was cal-
culated to assess the presence of  a threshold effect. A 
strong correlation (Spearman ρ < -0.4) suggested the 
presence of  a threshold effect[16]. The source of  hetero-
geneity, with the exception of  the threshold effect, was 
explored by meta-regression analysis[17,18]. The subgroups 
were predefined, and included diagnostic standard (color 
pattern vs hue histogram), blind (yes vs unclear), sample 
size (≥ 50 vs < 50), type of  publication (full text vs ab-
stract), and design of  study (single center vs multicenter). 
A P value < 0.05 indicated significance. Pooling was only 
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147 studies identified from database: 135 
full texts and 12 abstracts

122 studies was excluded by titles

25 studies were retrieved 
for more details

15 studies were excluded 
   Without evaluating the PDAC 
   and PIM (n  = 3)
   Unable to construct the 2 × 2 table (n  = 6)
   Without reporting the original data (n  = 6)

10 eligible studies included

Figure 1  Literature search flow diagram. 



conducted within the homogeneous groups using the 
fixed-effect model (Mantel-Haenszel method[19]). Pooling 
the results with corresponding 95%CI included sensitiv-
ity, specificity, positive likelihood ratio (LR), negative LR 
and diagnostic odds ratio (DOR). 

In order to analyze the presence of  publication bias, 
funnel plots were constructed using the Harbord[20] and 
Egger indicator and Begg[21] and Mazumdar indicator. 
Asymmetric funnel plots or a P value < 0.1 suggested 
the presence of  publication bias. The quality of  the se-

lected studies was assessed using the Quality Assessment 
of  Diagnostic Accuracy Studies (QUADAS) question-
naire[22]. Items were rated as yes, no, or unclear.

The pooled weighted sensitivity, specificity, positive 
LR, negative LR, DOR, Sports Rights Owners Coalition 
(SROC) curve and Spearman analysis were performed 
using Meta-Disc version 1.4 (Unit of  Clinical Biostatis-
tics, Ramony Cajal Hospital, Madrid, Spain)[23]. Meta-
regression and publication bias analyses were performed 
using Stata version 10.0 (Stata Corporation, College Sta-
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Table 1  Baseline characteristics of the studies in the analysis

Ref. Type of publication Design of study Diagnostic standard Cut-off No.

Săftoiu et al[7] Full text Single center Hue histogram > 175   54
Iglesias-Garcia et al[8] Full text Single center Color pattern Blue-predominant   76
Janssen et al[9] Full text Single center Color pattern Blue-predominant   25
Deprez et al[10] Abstract Single center Color pattern Blue-predominant   13
Săftoiu et al[11] Full text Single center Hue histogram > 175   43
Iglesias-Garcia et al[12] Full text Single center Color pattern Blue-predominant 119
Giovannini et al[13] Full text Multicenter Color pattern Blue-predominant   96
Giovannini et al[14] Full text Single center Color pattern Blue-predominant   18
Itokawa et al[24] Full text Single center Color pattern Blue-predominant   79
Săftoiu et al[34] Full text Multicenter Color pattern > 175 258

Itokawa 2011 0.99 (0.93-1.00)
Săftoiu 2011 0.93 (0.89-0.96)
Iglesias-Garcia 2010 1.00 (0.93-1.00)
Săftoiu 2010 0.85 (0.68-0.95)
Giovannini 2009 0.97 (0.90-1.00)
Iglesias-Garcia 2009 1.00 (0.95-1.00)
Săftoiu 2008 0.94 (0.79-0.99)
Janssen 2007 0.98 (0.82-1.00)
Deprez 2007 1.00 (0.59-1.00)
Giovannini 2006 1.00 (0.77-1.00)

Pooled sensitivity = 0.96 (0.94-0.97)
χ 2 = 24.16; df  = 9 (P  = 0.0041)
Inconsistency (I 2) = 62.8%

0             0.2            0.4            0.6             0.8             1
                                   Sensitivity

Itokawa 2011 0.71 (0.29-0.96)
Săftoiu 2011 0.66 (0.51-0.79)
Iglesias-Garcia 2010 0.74 (0.54-0.89)
Săftoiu 2010 0.76 (0.53-0.92)
Giovannini 2009 0.81 (0.62-0.94)
Iglesias-Garcia 2009 0.79 (0.63-0.90)
Săftoiu 2008 0.64 (0.31-0.89)
Janssen 2007 0.33 (0.00-0.98)
Deprez 2007 0.50 (0.12-0.88)
Giovannini 2006 0.75 (0.19-0.99)

Pooled sensitivity = 0.73 (0.66-0.79)
χ 2 = 5.93; df  = 9 (P  = 0.7473)
Inconsistency (I 2) = 0.0%

0             0.2            0.4            0.6             0.8             1
                                   Specificity

Figure 2  Forest plot (random-effect model) of the meta-analysis for sensitivity (upper) and specificity (lower) in differentiating between pancreatic ductal 
adenocarcinoma and pancreatic inflammatory masses. 
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a threshold effect. The meta-regression analysis showed 
that the different diagnostic standards used in the select-
ed studies were the source of  heterogeneity (P = 0.00). 
In addition, the characteristics of  blinding, sample size, 
type of  publication and design of  study were not related 
to heterogeneity (Table 2).

Meta-analysis based on diagnostic standards
The evaluation of  heterogeneity suggested that the dif-
ferent diagnostic standards used in the included studies 
were the source of  heterogeneity. As a result, the meta-
analysis was performed on the studies using the same 
diagnostic standards. The pooled results showed good 
homogeneity. Pooling was conducted using the fixed-
effect model (Mantel-Haenszel method[22]). In studies 
using the color pattern as the diagnostic standard, the 
pooled sensitivity, specificity, positive LR, negative LR 
and DOR were 0.99 (0.97-1.00), 0.76 (0.67-0.83), 3.36 
(2.39-4.72), 0.03 (0.01-0.07) and 129.96 (47.02-359.16), 
respectively. In studies using the hue histogram as the di-
agnostic standard, the pooled sensitivity, specificity, posi-
tive LR, negative LR and DOR were 0.92 (0.89-0.95), 0.68 
(0.57-0.78), 2.84 (2.05-3.93), 0.12 (0.08-0.19) and 24.69 
(12.81-47.59), respectively (Table 3).

Quality assessment using the QUADAS questionnaire
The quality of  the selected studies according to the 
QUADAS questionnaire is shown in Figure 4. The over-
all quality of  the studies was good. Eight studies were 
rated as “yes” in all items. In the study by Janssen et al[9] 

tion, TX, United States).

RESULTS
The initial literature search identified a total of  147 
studies (Figure 1). Of  these 147 studies, 25 potentially 
relevant studies were retrieved for further evaluation. 
Ten studies involving 781 patients were finally included 
in this meta-analysis. The baseline characteristics of  the 
selected studies are listed in Table 1. Nine studies were 
published as full texts, and 1 as an abstract. Seven studies 
used the color pattern as the diagnostic standard, while 
the other three used the hue histogram value.

Differentiating PDAC and PIM
The pooled sensitivity and specificity (random-effect 
model) of  EUS elastography for differentiating between 
PDAC and PIM were 96% (95%CI: 94-97) and 73% 
(95%CI: 66-79), respectively. Significant heterogeneity 
in sensitivity was observed among the studies (Cochran 
Q test = 24.16, df  = 9, P = 0.0041, I2 = 62.8%), while 
heterogeneity in specificity was not observed (Cochran 
Q test = 5.93, df = 9, P = 0.7473, I2 = 0.0%) (Figure 2). 
The AUC under the SROC was 0.8227 (Figure 3).

 By excluding the study reported as an abstract, the 
pooled sensitivity and specificity (random-effect model) 
were 96% (95%CI: 94-97) and 73% (95%CI: 66-80), 
respectively. There was significant heterogeneity in sen-
sitivity among the studies (Cochran Q test =23.56, df = 
8, P = 0.0027, I2 = 66.1%), while heterogeneity in speci-
ficity was not observed (Cochran Q test = 5.50, df = 8, 
P = 0.8090, I2 = 0.0%). The AUC under the SROC was 
0.8188.

Test of heterogeneity
The source of  heterogeneity was explored. A Spearman 
ρ of  -0.29 (P = 0.41) between the logit of  sensitivity and 
the logit of  1-specificity did not suggest the presence of  

Table 2  Meta-regression analysis for the potential source of 
heterogeneity

Study characteristics Z P  value 95%CI

Diagnostic standard 
(color pattern vs hue histogram)

2.90 0.00   0.68-3.50

Blind (yes vs unclear) 1.36 0.17 -0.87-4.82
Sample size (≥ 50 vs < 50) 0.13 0.90 -1.90-2.17
Type of publication (full text vs abstract) 1.28 0.20 -1.33-6.37
Design of study (single center vs multicenter) 0.04 0.97 -1.35-1.40

Figure 3  Sports Rights Owners Coalition, with 95%CI, for differentiating 
between pancreatic ductal adenocarcinoma and pancreatic inflammatory 
masses. 
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Table 3  Subgroup analysis on the basis of the diagnostic 
standards

Pooled 
estimate

Color pattern (n  = 426)1 Hue histogram (n  = 355)2

Pooled result 
(95%CI)

I 2 Pooled result 
(95%CI)

I 2

Sensitivity 0.99 (0.97-1.00)   0.00% 0.92 (0.89-0.95)   20.10%
Specificity 0.76 (0.67-0.83)   0.00% 0.68 (0.57-0.78)     0.00%
Positive LR 3.36 (2.39-4.72) 17.90% 2.84 (2.05-3.93)     0.00%
Negative LR 0.03 (0.01-0.07)   0.00% 0.12 (0.08-0.19)     0.00%
Diagnostic 
OR

  129.96 (47.02-359.16)   0.00% 24.69 (12.81-47.59)     0.00%

1Studies using the color pattern as the diagnostic standard and the total 
number of patients involved; 2Studies using the hue histogram as the 
diagnostic standard and the total number of patients involved. OR: Odds 
ratio; LR: Likelihood ratio. 
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all selected patients were referred for EUS-guided FNA 
or surgery and one of  the selected patients was diag-
nosed with lipoma by CT densitometry without histo-
logical proof. As a result, QUADAS question 1, 5 and 6 
were rated as “no”. In addition, Jassen et al[9] and Itokawa 
et al[24] did not mention whether blinding was used in 
their study. As a result, QUADAS question 11 was rated 
as “unclear”.

Publication bias
The Harbord-Egger indicator for publication bias pro-
vided a value of  1.65 (95%CI: -0.43-2.59, P = 0.14) and 
the Begg-Mazumdar indicator gave a Kendall’s tau b 
value of  9 (P = 0.47) for the selected studies, which sug-
gested no publication bias (Figure 5).

DISCUSSION
Pancreatic cancer is the fourth leading cause of  cancer-
related death in the USA, and the second among gastro-
intestinal tumors[25]. Early diagnosis may allow patients 
to receive the only potentially curable treatment which 
is surgical resection. PDAC is found in more than 90% 
of  patients with pancreatic cancer and most of  the le-
sions confused with PDAC are benign PIM[5]. PDAC 
is frequently associated with secondary inflammatory 
changes caused by obstruction of  the pancreatic duct. In 
addition, chronic pancreatitis can markedly increase the 
risk of  PDAC[26]. As a result, the differential diagnosis 
between PDAC and PIM is essential for clinical decision-
making.

Despite considerable advances in imaging techniques, 
the diagnosis of  PDAC, particularly in the setting of  
chronic pancreatitis, remains a challenge. There are no 

characteristic findings to differentiate pancreatic masses 
on transabdominal ultrasound (TAS) and its accuracy is 
very low[27]. Computed tomography (CT) and magnetic 
resonance imaging (MRI) may be used for staging and 
detecting metastasis, however, these techniques have 
limited ability in differentiating between PDAC and 
PIM[28,29]. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) has an increased risk of  complications, the 
most important being pancreatitis[30].

EUS, which provides high-resolution images of  the 
pancreas, has become an indispensable tool in the man-
agement of  pancreatic diseases. However, an important 
limitation of  EUS examination is its low capacity to de-
termine the exact nature of  pancreatic masses[31]. EUS-
FNA allows pathological diagnosis. It is currently con-
sidered an accurate and safe method for the diagnosis of  
pancreatic disease. However, EUS-FNA is an invasive 
procedure and the sensitivity of  EUS-FNA is less than 
75% in the presence of  coexistent chronic pancreatitis 
or “pseudotumoral” pancreatitis[32,33].

EUS elastography is a newly developed technique 
which assesses the mechanical properties of  tissues dur-
ing conventional EUS examination. In this meta-analysis, 
no significant publication bias was detected using the 
Harbord-Egger and Begg-Mazumdar indicators. The 
meta-regression analysis demonstrated that the different 
diagnostic standards used in the included studies may 
be the source of  heterogeneity. This meta-analysis indi-
cated that EUS elastography could achieve a very high 
sensitivity and a moderate specificity for differentiating 
between PDAC and PIM. As EUS elastography showed 
good sensitivity it may be an appropriate method for 
monitoring patients with PIM in whom malignancy has 
been excluded. In addition, it could also be used to fol-

14 withadrawals

13 uninterpretable results

12 clinical review bias

11 diagnostic reviews bias

10 test review bias

9 reference execution details

8 test execution details

7 incorporation bias

6 differential verification bias

5 partial verification bias

4 disease progression bias

3 appropriate reference standard

2 selection criteria

1 spectrum composition

0           10           20            30           40           50            60           70           80           90          100
                                                                        %

Yes

No

Unclear

Figure 4  The Quality Assessment of Diagnostic Accuracy Studies scores of the selected studies are summed up per item and presented in a bar chart. 
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low patients with PDAC after surgery.
The pooled specificity of  EUS elastography may not 

be satisfactory for differentiating between PDAC and 
PIM compared with the 100% specificity of  EUS-FNA. 
This may be due to the following reasons: first, diag-
nostic studies preferred maximal sensitivity in order to 
reduce the false negative rate when setting up the cutoff  
value. This reduced the specificity of  individual studies. 
Second, this study focused on the differentiation be-
tween PDAC and PIM. The data from normal controls 
and chronic pancreatitis patients without focal masses, 
which could easily be excluded from malignancy by EUS 
elastography, were excluded from this study. This would 
markedly reduce the number of  true negative cases, and 
thereby decrease specificity.

 As an imaging method with moderate specificity, 
EUS elastography could not replace EUS-FNA which 
provides a pathological diagnosis. However, it may be 
a valuable supplemental method to EUS-FNA. EUS 
elastography and FNA could be performed sequentially 
during the same EUS procedure. It could be used to 
guide FNA to reduce the number of  false negative cases, 
especially in patients with coexisting pancreatitis. More-
over, EUS elastography may provide additional informa-
tion for differentiating between PDAC and PIM when a 
negative EUS-FNA result is obtained or the patients are 

unsuitable for FNA.
The diagnostic standard used for the analysis of  me-

chanical properties was correlated with the accuracy of  
EUS elastography in the differentiation of  pancreatic 
masses. The qualitative color pattern and quantitative 
hue histogram value are two currently used diagnostic 
standards. In general, the quantitative diagnostic stan-
dard would be considered better because it is an objec-
tive method. Base on unified samples (PDAC and PIM), 
a subgroup analysis was performed to compare these 
two standards. The results showed that studies using the 
color pattern as the diagnostic standard showed prefer-
able pooled estimates than those using the hue histo-
gram. This may be due to the fact that both the overall 
stiffness and the distribution of  stiffness were associated 
with the nature of  the tissue. The color pattern diagnos-
tic standard takes the predominant color and the distri-
bution of  the color into consideration simultaneously, 
while the hue histogram value only gives overall stiffness.

There were some limitations in this meta-analysis. 
One of  the selected studies was published as an abstract, 
and some details were not available. A small number of  
studies were included in this study which may have re-
duced the power of  the analysis.

In conclusion, EUS elastography is a valuable meth-
od for the differential diagnosis between PDAC and 
PIM. And a preferable diagnostic standard should be 
explored and improvements in specificity are required.
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