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The emergence of the disease entity of glucocorticoid-responsive systemic immunoglobulin
G4 (IgG4)-related pancreatobiliary disease has generated substantial attention among
the international gastroenterology society. IgG4-related pancreatobiliary disease in-
cludes type 1 autoimmune pancreatitis (AIP) and IgG4-related sclerosing cholangitis
(IgG4-SC). The typical manifestations of IgG4-related pancreatobiliary disease are
cholestatic liver dysfunction, obstructive jaundice, and weight loss, although it may
present with no clinical symptoms. Since it mimics tumors on imaging, AIP/IgG4-SC
may often be misdiagnosed as pancreatic or biliary cancer. The endoscopic armamenta-
rium for the diagnosis of IgG4-related pancreatobiliary disease includes endoscopic ul-
trasonography, intraductal ultrasonography, endoscopic retrograde cholangiopancreato-
graphy, and cholangioscopy. The role of endoscopic tissue acquisition is two-fold in the
diagnosis of IgG4-related pancreatobiliary disease: exclusion of cancer and procure-
ment of histopathological proof for diagnosis of AIP/IgG4-SC, which can also be ach-
ieved by adding the immunohistochemistry for IgG4. Our review article addresses the
role of various endoscopic examinations in diagnosing IgG4-related pancreatobiliary
disease, focusing on the differentiation of this condition from pancreatobiliary maling-
nancies.
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INTRODUCTION

IgG4-related disease (IgG4-RD) is a systemic sclerosing
disorder characterized by fibrotic lesions in the form of a
mass-like lesion that contains dense IgG4-positive lym-
phoplasmacytic infiltrates.” The concept of IgG4-RD was
proposed by Kamisawa in 2003, based on the discovery of
various systemic involvements of unique histopathologic
findings of autoimmune pancreatitis (AIP).?

The pathology of IgG4-RD can involve nearly every hu-
man organ system: the pancreas (type 1 AIP or IgG4-related
pancreatitis), bile duct (IgG4-related sclerosing chol-
angitis (IgG4-SC) or IgG4-associated cholangitis), kid-
neys, salivary glands (Mikulicz’s syndrome), retroperito-
neum, thyroid gland (Riedel’s thyroiditis), liver, gallblad-
der, aorta, lungs, periorbital tissues, pericardium, and
prostate.’ IgG4-RD typically presents as a subacute mani-
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festation and relatively mild symptoms. Therefore, it is of-
ten characterized as an incidental radiologic finding.
However, in clinical practice, its presentation may often
mimic pancreatobiliary malignancies.*

Clinicians are often fascinated by the entity of AIP/
IgG4-SC because of its dramatically quick response to glu-
cocorticoid therapy. However, its misdiagnosis as pan-
creatobiliary malignancy may lead to inappropriate surgi-
cal interventions. By contrast, misdiagnosis of pancreato-
biliary malignancies as AIP/IgG4-SC can cause a delay in
adequate treatment of this disease.

The endoscopic armamentarium for the diagnosis of
ATP/IgG4-SC includes endoscopic ultrasonography (EUS),
endoscopic retrograde cholangiopancreatography (ERCP),
intraductal ultrasonography (IDUS), and cholangioscopy.
The review article discusses the role of various endoscopic
examinations in the diagnosis of IgG4-related pancreato-
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biliary disease, focusing on differentiating it from pan-
creatobiliary malignancies.

DIAGNOSIS OF IGG4-RELATED
PANCREATOBILIARY DISEASES

Various diagnostic criteria have been proposed for the
diagnosis of AIP from Japan, the United States, Italy,
Germany, and South Korea. However, in 2011, the Interna-
tional Consensus Diagnostic Criteria for AIP (ICDC) were
proposed by worldwide experts.” According to the ICDC,
AIP is divided into two subtypes with different diagnostic
criteria.’ Type 1 AIP should be considered part of the spec-
trum of IgG4-RD and is also called IgG4-related pancreatitis.
Type 2 AIP is not part of IgG4-RD, but another type of ste-
roid-responsive pancreatitis with distinct histopathology
and clinical presentations.

International consensus diagnostic criteria have not yet
been proposed for IgG4-SC, and researchers commonly use
the Japanese clinical diagnostic criteria for IgG4-SC or
Mayo group’s HISORt diagnostic criteria.®” Table 1 com-
pared these 2 diagnostic criteria. In addition, the Japanese
group recently published clinical practice guidelines for
IgG4-SC, which may help clinicians accurately differentiate
IgG4-SC from primary sclerosing cholangitis and cholangio-
carcinoma.

Although comprehensive diagnostic criteria for IgG4-
RD are available,’ organ-based diagnostic criteria may be
more useful in clinical practice. Pathologists have pub-
lished a consensus statement on the pathology of IgG4-RD
stating that the combination of dense lymphoplasmacytic
infiltrate, storiform fibrosis, and obliterative phlebitis are

YeJi Jung, et al

highly specific for IgG4-RD when viewed in tandem with
IgG4 immunohistochemistry.'® A three-tiered diagnostic
classification for the pathological diagnosis of IgG4-RD
was proposed based on these items: (1) histologically highly
suggestive of IgG4-RD, (2) probable histological features
of IgG4-RD, and (3) insufficient histopathological evidence
of IgG4-RD."

ENDOSCOPIC EVALUATION FOR THE
DIAGNOSIS OF IGG4-RELATED
PANCREATOBILIARY DISEASE

Endoscopic evaluation, including EUS, EUS elastography,
contrast-enhanced EUS, IDUS of the bile duct wall, ERCP,
and peroral/percutaneous cholangioscopy, is crucial for di-
agnosing IgG4-related pancreatobiliary disease and dif-
ferentiating it from pancreatobiliary malignancies. Pan-
creatobiliary endoscopists should deeply comprehend the
weaknesses and strengths of these endoscopic modalities,
and they must use these methods appropriately, based on
individual clinical circumstances, local facilities, and ex-
pertise (Table 2).

1. Endoscopic retrograde pancreatography

AIP shows several characteristic features on endoscopic
retrograde pancreatography (ERP) that are useful for dif-
ferentiating it from pancreatic cancer: (1) a long stricture
of the main pancreatic duct (>1/3 the length of the whole
main pancreatic duct); (2) lack of upstream duct dilatation
(duct diameter <5 mm); and (3) multifocal strictures with
intervening normal-looking duct. 1 By contrast, pancreatic
cancer is seen as a single ductal stricture associated with

TABLE 1. Comparison of diagnostic criteria for IgG4-related sclerosing cholangitis (IgG4-SC) between the United States and Japan

Mayo’s HISORt criteria™

Japan Pancreas Society criteria*®

Diffuse or segmental narrowing of the intrahepatic and/or
extrahepatic bile duct associated with the thickening of
bile duct wall

Imaging of bile  a. One or more stricture involving intrahepatic,
duct (I) proximal extrahepatic, or intrapancreatic bile ducts
b. Fleeting/migrating biliary stricture
Serology (S) >140 mg/dL
Extent of other a. Pancreatic lesions
organ b. Retroperitoneal fibrosis
involvement c. Renal lesions
(000 d. Salivary/lacrimal gland enlargement
Histology of a. Marked lymphoplasmacytic infiltration and fibrosis
bile duct (H)  b. >10 IgG4-positive plasma cells/HPF

Response to

c. Storiform fibrosis
d. Obliterative phlebitis
Normalization of liver enzyme levels or resolution of

steroid stricture
therapy

Definite Classic imaging findings of autoimmune pancreatitis+S
diagnosis H a+b+c

H a+b+d

>135 mg/dL

a. Pancreatic lesions

b. Retroperitoneal fibrosis

c. Salivary/lacrimal gland enlargement

a. Marked lymphoplasmacytic infiltration and fibrosis
b. >10 IgG4-positive plasma cells/HPF

c. Storiform fibrosis

d. Obliterative phlebitis

Option: effectiveness of steroid therapy

1+O0I
I+S+H a+b
H a+b+c
H a+b+d

#“Modified from Ghazale et al.® and Ohara et al.”
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TABLE 2. Endoscopic tools for the diagnosis of autoimmune pancreatitis (AIP) and IgG4-related sclerosing cholangitis (IgG4-SC)

Findings suggestive of AIP/IgG4-SC

Strengths of the test

Limitations of the test

1) Helpful in the diagnosis of ATP
with atypical imaging and/or
seronegative AIP.

2) High sensitivity (70-90%) and
specificity (80-90%) in the centers
that routinely perform ERP.

1) Can examine the pancreas in
real-time.

2) Allows EUS-guided FNA/biopsy.

1) ERCP is usually performed to
relieve biliary obstruction.

2) Allows tissue sampling from
ampulla and/or bile duct.

1) Can be performed during ERCP
in a single session.

1) Low sensitivity in the centers
that do not routinely perform
ERP.

2) Concern of post-ERCP
pancreatitis.

3) Mostly supplanted by MRCP

1) Diverse spectrum of EUS
morphologic findings in
IgG4-RD of the pancreas.

1) In cases with isolated stricture
of intrapancreatic common
bile duct, ERC finding of AIP is
similar to that of pancreatic or
distal CBD cancer.

1) Expertise in ERCP and EUS is
required.

AIP
Endoscopic 1) Long stricture
retrograde 2) Lack of upstream dilatation
pancreatography  3) Multifocal strictures
(ERP)
Endoscopic 1) Diffuse hypoechoic pancreatic
ultrasonography enlargement
(EUS) 2) Concentric bile duct wall
thickening (homogeneous regular
thickening with a hypoechoic
intermediate layer and
hyperechoic outer and inner layer)
1gG4-SC
Endoscopic 1) Multifocal strictures
retrograde 2) Mild proximal dilatation despite a
cholangiography long stricture
(ERC)
Intraductal 1) Thickening of the bile duct wall
ultrasonography (>0.8 mm) on IDUS in a
(IDUS) non-stenotic bile duct on ERC
2) Concentric wall thickening with
smooth configuration of the
outermost layer and a smooth
luminal surface
Cholangioscopy 1) Dilated and tortuous vessels, and

absence of partially enlarged
vessels

1) Directly visualize the biliary
lumen and guide targeted biopsy.

1) Technically demanding
procedure.

ERCP: endoscopic retrograde cholangiopancreatography, MRCP: magnetic resonance cholangiopancreatography, CBD: common bile

duct, EUS: endoscopic ultrasound, FNA: fine needle aspiration.

apparent upstream duct dilatation." The sensitivity and
specificity of ERP for differentiating AIP from pancreatic
cancer have been reported to be 33-91% and 80-90%,
respectively.'”®"® The reported incidence of Post-ERCP
pancreatitis in patients with AIP was low (1.2% in 82 pa-
tients),'® because AIP is under a category of chronic pan-
creatitis which has a protective effect against ERCP-in-
duced pancreatitis."*'"*® In 2011, ICDC recommended the
tailored use of ERP because Asian pancreatobiliary endo-
scopists had usually performed diagnostic ERP in most pa-
tients with suspected AIP while Western endoscopists
rarely performed diagnostic ERP.” Diagnostic ERP could
be used in the setting of indeterminate pancreatic paren-
chymal imaging for AIP or for seronegative AIP without
other organ involvement.”'* However, Japanese clinical
diagnostic criteria for AIP from 2018 stipulate that mag-
netic resonance cholangiopancreatography (MRCP) can
also be used to diagnose AIP, because the quality of MRCP
images has improved." The diagnostic use of ERP likely
will be increasingly supplanted by MRCP.
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2. Endoscopic retrograde cholangiography
IgG4-SC, which is the bile duct involvement of IgG4-RD,

typically presents radiographically as concentric bile duct
wall thickening with biliary strictures.*® According to
Nakazawa et al.,” IgG4-SC is classified into four types ac-
cording to cholangiographic findings: type 1, stenosis only
in the lower part of the common bile duct (differential diag-
nosis: pancreatic cancer, cholangiocarcinoma, and chronic
pancreatitis); type 2, stenosis diffusely distributed in the
intra- and extra-hepatic bile ducts (differential diagnosis:
primary sclerosing cholangitis and secondary sclerosing
cholangitis); type 3, stenosis in both hilar and hepatic le-
sions and the lower part of the common bile duct (differen-
tial diagnosis: cholangiocarcinoma and gallbladder can-
cer); and type 4, bile duct strictures only in the hilar hepatic
lesions (differential diagnosis: cholangiocarcinoma and
gallbladder cancer). Type 1 IgG4-SC is usually associated
with AIP. Isolated type 4 IgG4-SC is especially difficult to
differentiate from cholangiocarcinoma. For differentiating
type 4 pattern from cholangiocarcinoma, mild proximal
duct dilatation despite a long stricture with concentric wall



thickening is characteristic of IgG4-SC, whereas marked
proximal duct dilatation with eccentric wall thickening is
characteristic of cholangiocarcinoma.?*?

State-of-the-art MRCP displays high-resolution images
of the pancreatic and biliary ducts, without exposure to in-
vasive intervention or radiation.”® MRCP and endoscopic
retrograde cholangiography showed comparable abilities
to depict the biliary system to evaluate sclerosing chol-
angitis.”” Therefore, MRCP can be recommended as an ini-
tial modality for evaluating bile ductal abnormalities dur-
ing the workup for patients with suspected IgG4-SC. By
contrast, unlike MRCP, ERCP can be used to acquire tissue
samples for differentiating cancer and IgG4 immunostain-
ing and to relieve obstructive jaundice.

3. EUS

EUS can display pancreatobiliary ductal features and
parenchyma in substantial detail.***® According to Hoki et
al.,” a diffuse hypoechoic area, diffuse enlargement, peri-
pancreatic hypoechoic margins, and bile duct wall thicken-
ing are more frequently found in AIP than in pancreatic
cancer. Diffuse hypoechoic pancreatic enlargement of ATP
may be accompanied by hyperechoic inclusions. Concen-
tric bile duct wall thickening of AIP/IgG4-SC may be de-
picted as a homogeneous thickening with hyperechoic-
hypoechoic-hyperechoic (outer-intermediate-inner layer,
three-layer type).””* However, the EUS morphologic spec-
trum of AIP is wide. EUS findings of atypical imaging fea-
tures of AIP may include a pancreatic cancer-mimicking
mass lesion.?®* Therefore, EUS should not be used as the
sole diagnostic test for AIP, but it can assist in differentia-
ting AIP from pancreatic cancer and also guide FNA (fine
needle aspiration) or fine needle biopsy (FNB).*

4. Contrast-enhanced EUS

Enhancement with a contrast agent can be concurrently
performed during a conventional B-mode EUS for provid-
ing information regarding microcirculation and paren-
chymal perfusion.® This contrast-enhanced EUS can be
visualized by power or color Doppler mode or by a dedicated
harmonic detection mode.*” The ultrasound contrast agents
include Echovist, Albunex, Levovist, Optison, SonoVue,
Definity, and Sonazoid.* Among them, SonoVue and Sonazoid
are commonly used for contrast-enhanced EUS. The con-
trast agent creates encapsulated air microbubbles, which
provide significant alterations in the reflection pattern by
increasing the backscattered acoustic signal markedly.*
Contrast-enhanced EUS may differentiate mass-forming
ATP from pancreatic cancer because mass-forming AIP typ-
ically presents as a psudotumor of hypervascularization,
whereas pancreatic cancer is displayed as a hypovascular
mass.*** A meta-analysis on the role of contrast-enhanced
EUS revealed that its pooled sensitivity and specificity in
the differentiation of pancreatic cancer were 94% and 89%,
respectively.”” Some researchers have reported high sensi-
tivity (96-100%) and specificity (93-100%) for differentiating
AIP from pancreatic cancer by adding quantitative perfu-
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sion analysis with the time intensity curve to contrast-
enhanced EUS.**® A recent study compared 53 patients
with pancreatic cancer and 27 with focal AIP.*' The cited
study discovered that hyper- to iso-enhancement in the ar-
terial phase, homogeneous contrast agent distribution,
and absent irregular internal vessels indicated focal AIP
more frequently than pancreatic cancer.”’ Consequently,
contrast-enhanced EUS may improve the specificity in dif-
ferentiating AIP from pancreatic cancer.”

5. Intraductal ultrasonography of the bile duct wall

The appearance of bile duct wall thickening on focused
imaging differs between IgG4-SC and cholangiocarcinoma.”
During a ERCP session, transpapillary IDUS with a scan-
ning frequency of 12-30 MHz can provide high-resolution
images of the bile duct wall with detailed layer structure.
The normal structure of the bile duct on IDUS shows an in-
ner hypoechoic and outer hyperechoic layer.?* The charac-
teristic IDUS findings for IgG4-SC include an even concen-
tric ductal wall thickening with smooth inner and outer
margins, whereas cholangiocarcinoma is seen as an un-
even eccentric wall thickening with irregular luminal sur-
face and indistinct outer margins.”**** According to Naitoh
et al.,"” the most specific IDUS finding for the diagnosis of
IgG4-SC was ductal wall thickening of more than 0.8 mm
in a non-stenotic area of the bile duct, whereas ductal wall
thickening of cholangiocarcinoma was localized in the
stenotic area of the bile duct.

6. Peroral/percutaneous cholangioscopy

Cholangioscopy can provide direct visualization of the
biliary lumen, even though the biliary tree is among the
most elusive structures for direct endoscopic evaluation.*
Cholangioscopy may also permit highly targeted biopsy.
Ttoi et al.** were the first to examine the role of cholangio-
scopy in patients with IgG4-SC. The most frequent findings
on cholangioscopy in patients with IgG4-SC were dilated
and tortuous vessels and an absence of partially enlarged
vessels.* Differentiation of IgG4-SC from primary scleros-
ing cholangitis (PSC) was made based on the finding of sig-
nificantly higher numbers of dilated and tortuous vessels
in IgG4-SC than in PSC, whereas scarring and pseudodi-
verticula are more frequent in PSC than in IgG4-SC. Differ-
entiation of IgG4-SC from cholangiocarcinoma was based
on a significantly higher incidence of partially enlarged
vessels in “distal” cholangiocarcinoma than in IgG4-SC,
whereas the incidence of dilated vessels is significantly
higher in IgG4-SC than in “hilar” cholangiocarcinoma.
Although cholangioscopy may be a technically demanding
procedure, the recently developed Spy-Glass system and
intraductal balloon-guided direct peroral cholangioscopy
may overcome the limitations of the current cholangio-
scopy systems.43
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ENDOSCOPY-GUIDED TISSUE SAMPLING FOR
DIAGNOSING IGG4-RELATED
PANCREATOBILIARY DISEASE FROM
PANCREATOBILIARY MALIGNANCIES

The similar imaging findings between IgG4-related pan-
creatobiliary disease and pancreatobiliary malignancies
highlight the following two roles of endoscopic sample ac-
quisition: exclusion of pancreatobiliary malignancies and
procurement of pathological evidence for IgG4-RD.***

1. Diagnostic performance of endoscopy-guided tissue sam-
pling for diagnosis of pancreatobiliary malignancies
EUS-FNA is the first-line diagnostic modality for pre-

operative pathological diagnosis of pancreatic cancer. Ac-

cording to a meta-analysis analyzing a total number of

4984 patients,*® the pooled sensitivity and specificity for

malignant cytology was 85% (95% confidence interval (CI),

84%-86%) and 98% (95% CI, 97%-99%), respectively.
ERCP-guided sampling is recommended for the diag-

nosis of bile duct cancer, especially when biliary decom-

pression is needed for relieving obstructive jaundice.***’

Reported mean sensitivities of ERCP-guided intraductal

forceps biopsy and brush cytology for the diagnosis of bile

duct cancer were 63% (6 studies involving 127 patients) and

59% (18 studies involving 306 patients), respectively.*"*®

Although a combination of brushing and biopsy may in-

crease these modest sensitivities of ERCP-based sampling,

EUS-FNA can be used when ERCP-guided sampling is

nondiagnostic. According to a recent meta-analysis involv-

ing 957 patients,*® pooled sensitivity and specificity of

EUS-FNA for malignant biliary strictures were 80% (95%

CI 74%-86%) and 97% (95% CI, 94%-99%), respectively.

2. FNA versus FNB in the diagnosis of ATP

For the diagnosis of pancreatic ductal adenocarcinoma,
a FNA needle may be comparable with a FNB needle in
terms of diagnostic performance.” However, the tissue
amount required for the histologic diagnosis of ATP may be
larger than that required for the diagnosis of pancreatic
ductal adenocarcinoma.” Yoon et al.”’ recently performed
a systematic review and meta-analysis to compare the di-
agnostic performance of EUS-guided FNA versus FNB
sampling for diagnosing AIP. Based on analysis of nine
studies for FNA (309 patients with AIP) and seven studies
for FNB (131 patients), FNB showed superior diagnostic
yields for level 1 or 2 histology criteria of AIP than FNA
(56% vs. 87%) with comparable adverse events.” There-
fore, when EUS-guided pancreatic tissue acquisition is
needed for the differentiation of AIP, FNB with needle size
of 22G or more should be used for a high diagnostic yield
for AIP.

3. IgG4 immunostaining for supporting the diagnosis of
IgG4-related pancreatobiliary disease
Definitive histopathological diagnosis of IgG4-RD is dif-
ficult due to the small endoscopic biopsy specimen, al-

48

though pancreatic biopsies have shown moderate sensi-
tivity for the histologic diagnosis of AIP.****% Moreover,
contrary to a pancreatic core biopsy specimen, the small
specimens obtained by ERCP-guided intraductal forceps
biopsy cannot show the full characteristic features of histo-
pathology of IgG4-RD.'®****® Given the nature of IgG4-RD,
with its systemic IgG4-positive plasma cell infiltration, im-
munohistochemical staining for IgG4 is often used to sup-
port the diagnosis of IgG4-related pancreatobiliary dis-

For the diagnosis of IgG4-related pancreatobiliary dis-
ease, the biopsy specimens from the pancreas, bile duct,
and ampulla of Vater can be used for Ig4 immunostaining.™
Given that the ampulla of Vater is a confluence of the com-
mon bile duct and the main pancreatic duct, IgG4 im-
munostaining of the ampullary biopsy specimen has been
attempted to support the diagnosis of IgG4-RD when pan-
creatic/biliary tissue is neither available nor adequate.”
Although infiltration of IgG4-positive cells into the stom-
ach, duodenum, and colon are frequently found in patients
with IgG4-RD, low specificity of IgG4 immunostaining of
biopsies from the gastrointestinal tract other than the am-
pulla may limit its clinical use in the diagnosis of IgG4-related
pancreatobiliary disease.*

Yoon et al.”® recently performed a systematic review and
meta-analysis regarding the diagnostic performance of im-
munohistochemistry for IgG4 in diagnosing AIP. This
meta-analysis was based on 20 studies comprised 346 pa-
tients with AIP and 590 with other pancreatobiliary dis-
eases, including 371 with pancreatobiliary malignancies.
IgG4 immunostaining of pancreatic, biliary, and ampul-
lary tissue had a 64% pooled sensitivity and 93% pooled
specificity.” The pooled positive likelihood ratio, negative
likelihood ratio, and diagnostic odds ratio were 7.66, 0.30,
and 38.86, respectively.”® However, endoscopists must also
remain aware of possible tissue IgG4-positivity (10%) in
peritumoral pancreatitis associated with pancreatic can-
cer.” The pathologic diagnosis of IgG4-RD in positive tis-
sue IgG4 should be made together with the histopatho-
logical features and other cardinal features of IgG4-RD."**’

CONCLUSION

IgG4-related pancreatobiliary disease is a relatively
new disease entity with a dramatic response to glucocorti-
coid therapy; however, it needs to be differentiated from
pancreatobiliary malignancies. Various endoscopic ex-
aminations can provide detailed images for differentiation
between two entities. Endoscopic tissue acquisition is nec-
essary to both exclude malignancy and provide the histo-
logical evidence of IgG4-RD, with immunohistochemical
aid for IgG4. With knowledge of the full details of the endo-
scopic armamentarium, as reviewed in this article, clini-
cians can accurately diagnose IgG4-related pancreato-
biliary disease and avoid unnecessary surgery for this be-
nign steroid-responsive disease entity.
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