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Quantitative MR imaging biomarkers R

for distinguishing inflammatory pancreatic mass
and pancreatic cancer—a systematic review
and meta-analysis
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Abstract

Objectives To evaluate the diagnostic performance of quantitative magnetic resonance (MR) imaging biomarkers
in distinguishing between inflammatory pancreatic masses (IPM) and pancreatic cancer (PC).

Methods A literature search was conducted using PubMed, Embase, the Cochrane Library, and Web of Science
through August 2023. Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) was used to evaluate the risk
of bias and applicability of the studies. The pooled sensitivity, specificity, positive likelihood ratio, negative likelihood
ratio, and diagnostic odds ratio were calculated using the DerSimonian-Laird method. Univariate meta-regression
analysis was used to identify the potential factors of heterogeneity.

Results Twenty-four studies were included in this meta-analysis. The two main types of IPM, mass-forming pancrea-
titis (MFP) and autoimmune pancreatitis (AIP), differ in their apparent diffusion coefficient (ADC) values. Compared
with PC, the ADC value was higher in MFP but lower in AIP. The pooled sensitivity/specificity of ADC were 0.80/0.85
for distinguishing MFP from PC and 0.82/0.84 for distinguishing AIP from PC. The pooled sensitivity/specificity

for the maximal diameter of the upstream main pancreatic duct (dMPD) was 0.86/0.74, with a cutoff of dMPD < 4 mm,
and 0.97/0.52, with a cutoff of AMPD < 5 mm. The pooled sensitivity/specificity for perfusion fraction (f) was 0.82/0.68,
and 0.82/0.77 for mass stiffness values.

Conclusions Quantitative MR imaging biomarkers are useful in distinguishing between IPM and PC. ADC values dif-
fer between MFP and AIP, and they should be separated for consideration in future studies.

Clinical relevance statement Quantitative MR parameters could serve as non-invasive imaging biomarkers for dif-
ferentiating malignant pancreatic neoplasms from inflammatory masses of the pancreas, and hence help to avoid
unnecessary surgery.
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« Several quantitative MR imaging biomarkers performed well in differential diagnosis between inflammatory pancreatic

mass and pancreatic cancer.

- The ADC value could discern pancreatic cancer from mass-forming pancreatitis or autoimmune pancreatitis, if the two

inflammatory mass types are not combined.

- The diameter of main pancreatic duct had the highest specificity for differentiating autoimmune pancreatitis from pancre

atic cancer.
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Introduction

Inflammatory pancreatic masses (IPM) primarily encom-
pass mass-forming pancreatitis (MFP) and autoimmune
pancreatitis (AIP). The imaging appearance of both
tumors mimics pancreatic cancer (PC) [1, 2]. However,
PC is a highly fatal disease and carries an extremely poor
prognosis with the lowest 5-year relative survival rate
among all cancers [3]. Surgical resection remains the
only curative method available. In contrast, surgery is
not the optimal treatment option for patients with IPM.
Given that postoperative morbidity rates remain high, it
is essential to accurately differentiate between IPM and
PC to avoid unnecessary surgery [4]. Magnetic reso-
nance (MR) imaging has the advantages of no radiation
exposure and high soft tissue contrast. Quantitative MR
parameters can serve as non-invasive imaging biomark-
ers to distinguish between malignant pancreatic neo-
plasms from inflammatory masses.

Several quantitative MR imaging biomarkers have
been widely used in clinical practice, while only a select
few have been investigated in limited patient cohorts
with pancreatic diseases [5—8]. Magnetic resonance
cholangiopancreatography (MRCP) can evaluate the
pancreatic duct system, and the maximal diameter
of the upstream main pancreatic duct (dMPD) was
used as an effective imaging biomarker in the diagno-
sis of AIP [9, 10]. Diffusion-weighted imaging (DWI)
is a technique that assessed the Brownian motion of
water molecules noninvasively, and the apparent dif-
fusion coefficient (ADC) values reflected the degree of
diffusion restriction [11]. Notably, the study findings
regarding ADC value, which is the most used quanti-
tative MR imaging biomarker, were controversial, and
recent reviews have also pointed to this issue [12, 13].
Nevertheless, we observed that certain earlier studies
conflated the concepts of the two IPM entities, namely,
MEFP and AIP, which exhibit distinct pathological char-
acteristics and appear to differ in their ADC values
[14—-17]. Intravoxel incoherent motion (IVIM) is an
extension of DW1I with multiple b values that can pro-
vide quantitative information on the molecular diffusion

and microcirculation perfusion effects [18, 19]. The fol-
lowing are the IVIM-derived parameters: slow compo-
nent of diffusion (Dy,,) represents the pure molecular
diffusion, fast component of diffusion (Dy,) represents
the incoherent microcirculation, and perfusion frac-
tion (f) is the diffusion fraction related to microcircula-
tion [11]. Moreover, magnetic resonance elastography
(MRE) has emerged as a useful modality for quantitative
assessment of mass stiffness [20].

To the best of our knowledge, the above-mentioned
imaging biomarkers have not been meta-analyzed to dis-
tinguish between IPM and PC.

Therefore, this systematic review and meta-analysis
aimed to determine the usefulness of quantitative MR
imaging biomarkers for distinguishing between IPM and
PC.

Materials and methods

This meta-analysis complied with the Preferred Report-
ing Items for Systematic Review and Meta-analysis of
Diagnostic Test Accuracy Studies (PRISMA-DTA) guide-
lines [21]. Therefore, the requirement for approval from
the institutional review board was waived.

Literature search

We searched the PubMed, Embase, Cochrane Library,
and Web of Science databases through August 2, 2023,
with an English restriction applied. The search strategy
consisted of (“pancreatic” OR “pancreas”) AND (“can-
cer*” OR “carcinoma*” OR “malignan*” OR “neoplasm*”
OR “adenocarcinoma*”’) AND (“Pancreatitis”) AND
(“Magnetic Resonance Imaging” OR “magnetic reso-
nance” OR “MRI” OR “MRCP” OR “MRE” OR “diffusion-
weighted” OR “DWI”) OR (“Diagnosis, Differential” OR
“Sensitivity and Specificity” OR “Predictive Value of
Tests” OR “diagnostic performance” OR “differentia*” OR
“sensitiv*” OR “specificit*” OR “accurac*” OR (“predic-
tive” AND “value”)). The detailed search strategy is pre-
sented in Supplementary Table 1. The reference lists of
the relevant studies were also checked manually to iden-
tify additional eligible studies.
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Study selection

After removing duplicates, two reviewers assessed
the relevance of the studies based on the titles and
abstracts to remove irrelevant studies. Next, the full-
text manuscripts were retrieved. In this study, we
strictly distinguished between the two concepts for
clarity: MFP is a type of disease based on chronic pan-
creatitis (CP) and has no background of AIP, AIP is a
distinct disease with no background of MFP, and IPM
represents either or a combination of the two. Studies
that fulfilled the predefined inclusion and exclusion cri-
teria were ultimately assessed as eligible. The inclusion
criteria were as follows: (a) patients with IPM or PC,
(b) quantitative MR imaging biomarkers, (c) diagnostic
performance for distinguishing between IPM and PC,
and (d) both observational (retrospective or prospec-
tive) and clinical trials. The exclusion criteria were as
follows: (a) insufficient data: inability to create a 2 X 2
contingency table or number of studies for the same
MR imaging biomarker was less than two; (b) less than
five patients; (c) mixed patient group for the diagnostic
accuracy assessment of ADC, D, and Dy, ; (d) out-
lier: the direction of cutoff value of which was oppo-
site to all the other articles of similar or larger patient
numbers; (e) other types of articles, such as case
reports, review articles, comments, letters, conference
abstracts, editorials, or articles published in non-Eng-
lish languages; and (f) articles not available. Disagree-
ments between the reviewers were resolved through
discussion to reach consensus.

Data extraction

Data were extracted independently by two reviewers
using a standardized form. Discrepancies were resolved
by double-checking and discussion to reach consensus.
The predesigned data extraction table consisted of four
aspects of information: (a) study characteristics: the first
author’s name, publication year, country, key conclu-
sions, study design, reference standard, interval between
imaging and reference standards, and blinding to the ref-
erence standard; (b) patient characteristics: enrollment,
number of patients or lesions, age, disease type, and AIP
subtype; (c) MRI parameters: MRI unit, sequence, mag-
netic field strength, slice thickness, field of view, region
of interest (ROI) size, number of b and b values (s/mm?),
repetition time (TR) (ms), and echo time (TE) (ms); (d)
outcomes: true positive, false positive, false negative,
and true negative numbers and the cutoff values used for
differential diagnosis. If the ADC values were based on
multiple b values, the raw data of the ADC value with the
highest sensitivity and specificity were extracted. If there
were several readers for the same MR imaging biomarker,
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the sensitivity and specificity obtained by the reader with
the highest accuracy were extracted. In addition, the
original authors were contacted in the case of insufficient
information.

Quality assessment

Quality assessment was performed using Quality Assess-
ment of Diagnostic Accuracy Studies 2 (QUADAS-2)
[22]. Two reviewers independently assessed the risk of
bias and applicability concerns in the following four
domains: patient selection, index test, reference stand-
ard, and flow and timing. Disagreements were resolved
through discussions to reach consensus. We did not
assign scores to judge the quality of the included stud-
ies because each domain of QUADAS-2 had a different
impact on the study results. Quality assessment forms
were plotted using RevMan version 5.4.

Statistical analysis

The DerSimonian-Laird method (random effects
model) was used for the meta-analysis. In cases where
the cells were devoid of data, a correction of 1/2 was
added to each cell. Forest plots were developed to visu-
alize the pooled sensitivity and specificity with a 95%
CI. The statistical heterogeneity of the included studies
was assessed using the Cochrane Q test and Higgins I
test. The Cochrane Q test (p < 0.05) indicated the pres-
ence of statistical heterogeneity. An I* value between
20 and 50% indicated moderate heterogeneity, whereas
an I* value of > 50% indicated substantial heterogene-
ity. Moreover, Spearman’s rank correlation test was
conducted to judge the presence of threshold effects.
Because the number of studies for each biomarker was
less than 10, the assessment of publication bias was
considered unnecessary. Univariate meta-regression
analyses were performed using predesigned subgroups
to determine potential factors influencing heterogene-
ity. All statistical analyses were conducted by a single
trained researcher (Z.H.W.) using Meta-DiSc version
1.4 and Stata version 15.0.

Results

Literature search and study selection

A flowchart of the literature screening process is shown
in Fig. 1. A total of 1819 studies were initially retrieved.
After removing 685 duplicates, a further 1030 studies
were excluded because of obvious irrelevance. Next,
80 studies were excluded by the full-text review: four
articles were not available; 13 articles did not involve
a direct comparison of PC and any kind of IPM; eight
articles did not report the diagnostic performance
of quantitative MR imaging biomarkers; and 39 were
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Fig. 1 Flowchart of the study selection process for the meta-analysis

other types of articles, as specified in the “Materials
and methods” section. Fifteen articles were excluded
due to insufficient data. Among the 15 articles, 14 were
not able to construct 2 X 2 contingency tables and one
reported the maximal diameter of the upstream main
pancreatic duct (dMPD) with a cutoff value other than
4 mm or 5 mm for the differential diagnosis of AIP and
PC [23]. Twenty-five studies were initially included for
data extraction. After comparing the direction of cut-
off values for MR imaging biomarkers (higher defined
as IPM or lower defined as IPM), the direction of cutoff
value for ADC values from one study showed obvious
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deviation from all the other studies which were fur-
ther excluded to ensure the stability of the study results
[24]. Twenty-four studies were included in the final
meta-analysis [25—48].

During the workflow of study selection and article
review, we encountered a paradoxical aspect in the study
results concerning the differentiation between IPM and
PC using ADC values. Specifically, for the differential
diagnosis of MFP and PC, all studies diagnosed MFP
with an ADC value higher than the cutoff value, whereas
for the differential diagnosis of AIP and PC, all studies
diagnosed AIP with an ADC value lower than the cutoff
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In the differentiation between MFP and PC, the ADC
value had a sensitivity of 0.80 (95%CI 0.61-0.92) and a
specificity of 0.85 (95%CI 0.77-0.92). For distinguish-
ing AIP and PC, the ADC value had a sensitivity of 0.82
(95%CI 0.75, 0.87) and a specificity of 0.84 (95%CI 0.81,
0.87). Additionally, for distinguishing IPM and PC, both
f and mass stiffness showed relatively high sensitivities
(0.82, 95%CI 0.68—0.91; 0.82, 95%CI 0.71-0.91) with
moderate specificities (0.68, 95%CI 0.61-0.74; 0.77,
95%CI 0.68—0.84). To distinguish between AIP and PC,
dMPD < 5 mm demonstrated the highest sensitivity
(0.97, 95%CI 0.93-0.99) and diagnostic odds ratio (46,
95%CI 17-126) for distinguishing AIP from PC, but the
specificity was relatively low (0.52, 95%CI 0.47-0.58).
Thus, dMPD > 5 mm may be considered an ideal cutoff
value for excluding AIP.

Forest plots of the pooled sensitivity and specific-
ity are shown in Supplementary Figures 1-3. For the
diagnostic performance of all imaging biomarkers,
the Cochrane p-values indicated the presence of het-
erogeneity and the I* values showed high heterogene-
ity among most studies. The lowest heterogeneity was
not only found in sensitivity of fand specificity of stiff-
ness for distinguishing IPM and PC (p = 0.391, I* =
4.1%), but also found in specificity of dMPD < 4 mm
and sensitivity of dMPD < 5 mm for distinguishing AIP
and PC. The Spearman correlation coefficient (Sup-
plementary Table 2) revealed a considerable threshold
effect for distinguishing IPM and PC using mass stiff-
ness and differentiating MFP from PC using ADC val-
ues. No significant threshold effects were found for the
diagnostic performance of other MR imaging biomark-
ers. Furthermore, univariate meta-regression analysis
was conducted to identify other potential sources of
heterogeneity.

Wang et al. European Radiology (2024) 34:6738—-6750

Univariate meta-regression analysis

Univariate meta-regression analysis was performed to
identify the potential factors influencing heterogeneity
among the studies, and the results are shown in Table 3.
For distinguishing AIP and PC, the sensitivity (0.85,
95%CI 0.77-0.93) of ADC values with high field strength
(3.0T or mixed) outperformed the sensitivity (0.75,
95%CI 0.61-0.89) of ADC values with low field strength
(1.5T). The ADC values using two b values showed higher
sensitivity (0.86, 95%CI 0.80—0.93) than the ADC values
using multiple b values (0.66, 95%CI 0.50-0.83), but no
significant heterogeneity was observed for the specificity.
The pooled specificity of the dMPD < 5 mm was higher
in studies conducted in Japan (0.86, 95%CI 0.72-1.00)
than studies conducted in other countries (0.45, 95%CI
0.24-0.64), whereas the specificity did not exhibit sig-
nificant heterogeneity. Owing to the limited number of
studies, we did not conduct a subgroup analysis of other
quantitative MR imaging biomarkers.

Discussion

In this review, relevant studies on quantitative MR imag-
ing biomarkers for distinguishing between IPM and PC
were systematically reviewed. Thereafter, we conducted
an analysis to assess the combined diagnostic perfor-
mance of four quantitative MR imaging biomarkers in
distinguishing between IPM and PC, ADC, f, mass stiff-
ness, and dMPD. All these biomarkers had relatively high
diagnostic efficacy, among which the ADC value and
dMPD represented the most commonly used MR imag-
ing biomarkers with the best availability.

The ADC values showed distinct manifestations in
MEFP and AIP, which might be related to their respective
pathological characteristics. Notably, although MFP and
AIP are both special forms of CP that exhibit “mass-like”
appearances, they are different entities with distinctive
pathological features [50]. The main pathological changes
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Fig. 2 Methodological quality assessment graph of included studies using QUADAS-2: the risk of bias and applicability concerns about each

domain presented as percentages across included studies
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Table 2 Diagnostic performance of quantitative MR imaging biomarkers for differentiating IPM from PC

Biomarkers No.of SEN (95% Cl), ? SPE (95% CI), 2 +LR (95% C), ? —LR (95% CI), 2 DOR (95% CI),
studies

Favor IPM
Higher f 6 0.82(068,091),41% 068 (0.61,0.74),840%  3.15(1.78,555),752% 0.33(0.18,0.58),0.0% 10.57 (4.47, 24.99), 0.0%
Lower mass 3 0.82(0.71,091),775% 0.77 (068,0.84),316% 349 (2.51,4.84),00% 0.24(0.08,0.71),73.3% 16.83(7.21,39.29), 0.0%
stiffness

Favor MFP
Higher ADC 3 0.80(0.61,0.92),77.7% 0.85(0.77,092),772% 440 (2.09,9.29),504% 0.26 (0.60,1.13),71.8% 26.32(7.73,89.60), 0.0%

Favor AIP
Lower ADC 9 0.82(0.75,0.87),49.5% 0.84 (0.81,0.87),82.8%  4.80(309,744),72.5% 0.27(0.17,042),478% 23.04(11.02,4820),449%
dMPD<4mm 2 0.86 (0.70,0.95), 64.7% 0.74 (0.64,0.83),00% 342 (2.34,501),57% 0.23(0.09,0.58),7.4% 14.11 (3.94,50.52), 6.8%
dMPD<5mm 6 0.97(0.93,0.99),23.1% 052 (0.47,058),92.8%  2.23(1.57,3.19), 0.09 (0.04,0.18),0.0% 46 (17,126),0.0%

88.1%

IPM, inflammatory pancreatic mass; PC, pancreatic cancer; SEN, sensitivity; Cl, confidence interval; SPE, specificity; +LR, positive likelihood ratio; —LR, negative
likelihood ratio; DOR, diagnostic odds ratio; f, perfusion fraction; MFP, mass-forming pancreatitis; ADC, apparent diffusion coefficient; AIP, autoimmune pancreatitis;

dMPD, maximal diameter of the upstream main pancreatic duct
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in MFP include varying degrees of fibrosis and irrevers-
ible glandular atrophy, which may sometimes be accom-
panied by dilatation of the main pancreatic duct [51].
Conversely, AIP is histologically characterized by exten-
sive periductal infiltration of numerous lymphocytes and
IgG4-positive plasma cells, along with features such as
obliterative phlebitis, storiform fibrosis, and inflamma-
tory infiltrates [50, 52—54]. Because of the highly organ-
ized microstructure and high cellularity, the diffusion
of water molecules may be relatively more restricted in

AIP. Thus, MFP and AIP may produce different results
for differential diagnosis using DWI- and IVIM-derived
parameters. More studies have reported that the ADC
values of MFP were significantly higher than those of
PC [16, 44, 45, 55-57]. Meanwhile, we noticed that for
the four studies that explicitly included AIP in the MFP
group [14—17], the ADC values in the MFP group tended
to decrease significantly as the proportion of AIP in
the MFP group increased. With an increase in the pro-
portion of AIP, the ADC values in MFP changed from
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Table 3 Results of univariate meta-regression: sources of heterogeneity
Variate Subgroups No. of Sensitivity (95%Cl) p value Specificity p value
studies
IPM vs. PC
f
Disease type MFP 3 91 (0.79-1.00) 0.27 0.81 (0.69-0.94) 0.64
AIP 3 0.74 (0.57-0.91) 0.64 (0.46-0.82)
Year After 2015 4 0.76 (0.61-0.91) 0.20 0.67 (0.52-0.83) 0.08
Before 2015 2 0.94 (0.82-1.00) 0.83 (0.69-0.98)
MRI unit Siemens 5 0.82 (0.70-0.94) 0.89 0.72 (0.58-0. 87) 0.74
Other units 1 0.83 (0.53-1.00) 0.77 (0.47-1.00)
Field of strength 15T 5 0.79 (0.66-0.91) 0.40 0.70 (0.56-0. 84) 0.21
30T 1 1.00 (1.00-1.00) 0.85 (0.66-1.00)
Slice thickness >5mm 4 0.89 (0.76-1.00) 0.49 0.72 (0.56-0.88) 0.54
<5mm 2 0.76 (0.57-0.94) 0.76 (0.54-0.98)
Number of b >10 3 0.85 (0.69-1.00) 098 0.80 (0.66-0.94) 0.71
<10 3 0.79 (0.64-0.94) 0.65 (0.47-0.83)
Max b value > 1000 s/mm? 2 0.92 (0.78-1.00) 0.17 0.81(0.65-0.97) 0.75
< 1000 s/mm? 4 0.78 (0.64-0.91) 0.68 (0.52-0.84)
AlP vs. PC
ADC
Country Japan 5 0.85 (0.77-0.94) 091 0.87 (0.76-0.97) 0.49
Other countries 4 0.73 (0.58-0.89) 0.86 (0.73-0.98)
Year After 2015 6 0.79 (0.69-0.90) 0.16 0.85 (0.75-0.95) 0.28
Before 2015 3 0.87 (0.73-1.00) 0.89(0.77-1.00)
AlP type Only focal 7 0.85(0.78-0.92) 0.87 0.81(0.75-0.88) 0.07
Other types or mixed 1 0.77 (0.52-1.00) 0.93 (0.83-1.00)
MRI unit Siemens 5 0.77 (0.64-0.90) 0.09 0.88 (0.77-0.99) 0.76
Other units 3 0.87 (0.75-0.99) 0.87 (0.72-1.00)
Field of strength 15T 4 0.75 (0.61-0.89) 0.01 91 (0.83-0.99) 0.89
3.0T or mixed 5 0.85 (0.77-0.93) 81 (0.69-0.94)
Number of b >2 3 0.66 (0.50-0.83) <0.01 0.93 (0.86-1.00) 0.77
2 6 0.86 (0.80-0.93) 81(0.71-0.91)
Max b value > 1000 s/mm? 2 0.95 (0.87-1.00) 0.14 0.90 (0.76-1.00) 094
<1000 s/mm? 7 0.76 (0.67-0.86) 0.85 (0.76-0. 95)
Base Patient-based 7 0.80 (0.70-0.90) 0.22 0.89 (0.82-0.95) 042
Mass-based 2 0.87 (0.72-1.00) 0.71 (046-0.98)
Maximum diameter of the upstream MPD <5 mm
Country Japan 2 0.93 (0.84-1.00) 0.08 0.86 (0.72-1.00) 0.03
Other countries 4 0.98 (0.95-1.00) 045 (0.24-0.64)
Year After 2015 2 0.97 (0.92-1.00) 0.50 042 (0.06-0.77) 0.18
Before 2015 4 0.97 (0.93-1.00) 0.72 (O 49-0.94)
AlP type Only focal 4 0.96 (0.91-1.00) 0.84 0.68 (0.41-0.95) 043
Other types or mixed 2 0.98 (0.95-1.00) 0.49 (0.07-0.91)

Statistically significant differences are indicated in bold font (p < 0.05)

IPM, inflammatory pancreatic mass; PC, pancreatic cancer; f, perfusion fraction; MFP, mass-forming pancreatitis; AIP, autoimmune pancreatitis; MRI, magnetic
resonance imaging; ADC, apparent diffusion coefficient; MPD, main pancreatic duct

significantly higher to no significant difference, and higher ADC values for the diagnosis of MFP were nota-
then to significantly lower than those in PC. Moreover, bly robust. Fortunately, the clinical features of MFP and
the meta-analytic pooled sensitivity and specificity of  AIP differ [10, 58]. Therefore, when using ADC values
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to perform the differential diagnosis of IPM and PC, it is
important to first determine the subtype of IPM accord-
ing to the clinical characteristics.

Different numbers and magnitudes of b values influ-
ence the calculation of ADC values. For the images
obtained with low b values, the image contrast mainly
depends on the T2 signal, without reducing the signal-
to-noise ratio (SNR) and contrast-to-noise ratio (CNR).
With the increase of b values, the detection of diffusion
impediment is more sensitive [11]. Additionally, SNR is
influenced by the magnitude of field strength. One study
also revealed the existence of intervendor differences
when different field strengths (1.5 T or 3 T) were applied
[59]. Due to the heterogeneity of tumors, different ROI
delineation methods may also affect ADC calculation.
For the variation of the above-mentioned MRI param-
eters, there is a lack of consistency in ADC values among
included studies. Future studies are needed to establish a
standardize DWT acquisition method.

For IVIM-derived parameters, all included stud-
ies on the f showed that the values of f were higher in
IPM than in PC. However, for other parameters, studies
with different IPM types had the opposite conclusions.
Kang et al used the bi-exponential model for the calcu-
lation of Dy, and Dy, and reported that the median
values of Dy, and Dy, in MFP were higher than those
in PC, although there was no significant difference in
Dy, values between the two groups [38]. Kim et al
used a mono-exponential model for the calculation
and reported that both the median Dy, and Dy, val-
ues of AIP were lower than the median values of PC,
whereas no significant difference was observed [35].
In summary, considering the overall trend of previous
study findings and the different pathological features of
the two diseases, we suggest that MFP and AIP should
not be confused when distinguishing IPM and PC with
Dy, and Dy, . However, for it is more complex and
time-consuming than DWI, and high degrees of vari-
ability existed due to the application of different mod-
els, and there is lack of strong evidence to confirm the
clinical application value, implementing IVIM analysis
remains challenging.

When applying the dMPD to distinguish between
IPM and PC, it is necessary to first determine the sub-
type of the IPM. Differentiating between MFP and PC
is likely to be difficult because the values often overlap.
However, the dMPD performed well in the differential
diagnosis of AIP and PC [60]. With the cutoff value of 5
mm, the dMPD has the highest sensitivity, which indi-
cates that dMPD can help exclude patients with AIP.

For the mass stiffness, all included studies consistently
showed that the values of mass stiffness were higher in
the IPM than in the PC. MRE of the pancreas is a novel,
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non-invasive imaging technique with high reliability
and reproducibility. However, MRE of the pancreas is a
breath-hold sequence, and its clinical application remains
limited owing to the long examination time, high cost,
and lower spatial and temporal resolution than routine
MRI [61, 62]. Moreover, the small number of included
studies might weaken the results of the meta-analysis.
Consequently, development of this technique, stand-
ardization of image acquisition, and studies with larger
sample sizes are needed to better solve these clinical
problems.

This meta-analysis had several limitations. First, the
cases of IPM in single-center studies were limited, and a
large amount of data presented a non-normal distribution;
therefore, there were risks of data drift and bias. Second,
some studies did not explicitly report the composition of
the patient group classified as MFP. Consequently, a sen-
ior abdominal radiologist carefully read the full text and
compared the clinical and laboratory findings presented
in the text with the diagnostic criteria of AIP to determine
whether the MFP group included AIP. Third, because the
values of these MR imaging biomarkers vary significantly
with different MRI scanners, field strengths, b values, or
methods for ROI delineation, it remains difficult to obtain
pre-specified thresholds for differential diagnosis.

In conclusion, quantitative MR imaging biomarkers per-
formed well in the differential diagnosis of IPM and PC.
Compared with PC, the ADC values were higher in MFP
but lower in AIP. The ADC can distinguish PC from MFP
or AIP, both with high diagnostic performance, as long as
the two IPM types are not mixed together. dMPD can help
exclude patients with AIP, especially those with a cutoff
value of 5 mm.

Abbreviations
ADC Apparent diffusion coefficient

AlP Autoimmune pancreatitis

cl Confidence interval

cpP Chronic pancreatitis

Dryst Fast component of diffusion

dMPD  Maximal diameter of upstream main pancreatic duct (dMPD)

Dy Slow component of diffusion
DWI Diffusion-weighted imaging

f Perfusion fraction

IPM Inflammatory pancreatic mass
IVIM Intravoxel incoherent motion
MFP Mass-forming pancreatitis

MR Magnetic resonance

MRE Magnetic resonance elastography
PC Pancreatic cancer
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