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reduced bile duct branches, which is caused by marked
lymphocytic and plasmacyte infiltration into the peripheral
bile ducts. Type 3 IgG4-SC is characterized by stenosis in
both the hilar hepatic lesions and the lower part of the
common bile duct. Type 4 1gG4-SC shows strictures of the
bile duct only in the hilar hepatic lesions. Cholangio-
graphic findings of types 3 and 4 need to be discriminated
from those of cholangiocarcinoma. The modalities useful
for the differential diagnosis of types 3 and 4 are endo-
scopic ultrasonography (EUS), IDUS [13], and cytology
and/or biopsy of the bile duct [13, 14]. Nevertheless, there
are some IgG4-SC cases whose cholangiographic findings
do not fit into any of the above 4 types.

Thickening of the bile duct

Abdominal ultrasonography (US) [23], abdominal com-
puted tomography [24], abdominal magnetic resonance
imaging, EUS, and IDUS show circular and symmetrical
thickening of the bile duct wall, smooth outer and inner
margins, and a homogenous internal echo [13]. These
characteristic features are recognized not only in stenotic
areas or occasionally in the gallbladder but also in areas
without stenosis that appear normal on cholangiogram.

Hematological examination

Elevated level of serum IgG4 (135 mg/dl or higher, nep-
helometric method) is one of the diagnostic criteria for
IgG4-SC [1]. Elevation of serum IgG4 levels is not nec-
essarily specific to IgG4-SC because it is also observed in
atopic dermatitis, pemphigus, asthma, etc.; in particular,
elevated levels of serum IgG4 are also observed in some
malignant cholangiopancreatic diseases (e.g., pancreatic
cancer, cholangiocarcinoma) [25, 26]. v

Other organ involvement

1gG4-SC is frequently associated with autoimmune pan-
creatitis. It is particularly difficult to accurately diagnose
IgG4-SC in cases not associated with autoimmune pan-
creatitis. Occasionally, IgG4-SC is associated with other
systemic IgG4-related diseases, including IgG4-related
symmetrical dacryoadenitis/sialadenitis and IgG4-related
retroperitoneal fibrosis [14-17]. These associations are
helpful in the correct diagnosis of IgG4-SC. Although
IgG4-related dacryoadenitis/sialadenitis is basically char-
acterized by symmetrical bilateral swelling, unilateral
swelling can be included only if pathological diagnosis is
made. Inflammatory bowel disease (IBD) is not usually an
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associated feature, unlike the frequent association of IBD
with PSC [27, 28].

Pathological findings of bile ducts

In IgG4-SC, fibroinflammatory involvement is observed
mainly in the submucosa of the bile duct wall, whereas the
epithelium of the bile duct is intact [29]. However, slight
injury and/or neutrophil infiltration are occasionally
observed in IgG4-SC with associated secondary cholangi-
tis. PSC should be excluded if inflammation is observed,
particularly in the epithelium of the bile duct wall.

Cytological examination is commonly used for the
diagnosis of cholangiocarcinoma. Endoscopic transpapil-
lary bile duct biopsy is performed to rule out cholangio-
carcinoma; however, it is not easy to obtain sufficient
biliary tract tissue to study the characteristic histology of
IgG4-SC biopsy specimens (e.g., storiform fibrosis, oblit-
erative phlebitis) [13]. Liver biopsy is sometimes useful to
diagnose IgG4-SC cases with intrahepatic bile duct stric-
tures [30-32].

Exclusion of secondary sclerosing cholangitis

It is necessary to rule out the following features of sec-
ondary sclerosing cholangitis with obvious pathogenesis,
including common bile duct stones, cholangiocarcinoma,
trauma, previous operation on the biliary tract, congenital
biliary anatomy, corrosive cholangitis, ischemic bile duct
stenosis, AIDS-related cholangitis, and biliary injury
caused by intra-arterial chemotherapy.

Effectiveness of steroid therapy

This optional diagnostic criterion should be applied only to
the IgG4-SC cases in which the effect of steroid therapy
can be evaluated by imaging modalities. Accordingly,
clinical conditions or hematological findings cannot be
evaluated by this method. It is sometimes difficult to obtain
sufficient biopsy specimens from patients suffering from
diseases of not only the biliary tract but also of other
organs, such as the pancreas, lachrymal gland, salivary
gland, and retroperitoneum. However, efforts should be
made to collect enough tissue samples for diagnosis and
steroid trials should be strictly avoided.

The effectiveness of steroid therapy should be cau-
tiously evaluated because some malignant lesions may
occasionally improve after steroid administration [33]. If
neoplastic lesions cannot be clinically ruled out after
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steroid therapy, it is advisable to perform re-evaluation to
rule out malignant cholangiopancreatic diseases.

Conclusion

These 1gG4-SC 2012 clinical diagnostic criteria, estab-
lished by a working group consisting of researchers spe-
cializing in IgG4-SC, are thought to be useful practically
for general physicians and nonspecialists. In the future,
detailed investigation of IgG4-SC cases, improvement in
diagnostic modalities, and basic research should be
undertaken to evaluate the clinical features and pathogenic
mechanism of 1gG4-SC.

Appendix: members of the working group
for the clinical diagnostic criteria of IgG4-SC

The Research Committee of IgG4-related Diseases in asso-
ciation with the Ministry of Health, Labor, and Welfare of
Japan (Chairman, Kazuichi Okazaki): K. Okazaki, K. Inuj,
S. Kawa, T. Kamisawa, S. Tazuma, K. Uchida, K. Hirano,
H. Yoshida, T. Nishino, S.B.H. Ko, N. Mizuno, H. Hamano,
A. Kanno, K. Notohara, O. Hasebe, T. Nakazawa, and
H. Ohara.

The Research Committee of Intractable Diseases of
Liver and Biliary Tract in association with the Ministry of
Health, Labor, and Welfare of Japan (Chairman, Hirohito
Tsubouchi): H. Tsubouchi, S. Tazuma, Y. Nakanuma, and
H. Takikawa.

The Japan Biliary Association (Chairman, Kazuo Inui):
K. Inui.

This work was supported partially by the Research
Program of Intractable Disease provided by the Ministry of
Health, Labor, and Welfare of Japan.
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Clinical diagnostic criteria of IgG4-related sclerosing cholangitis 2012

The Research Committee of IgG4-related Diseases provided by the Ministry of Health, Labor,
and Welfare of Japan (chaired by Kazuichi Okazaki)
The Research Committee of Intractable Diseases of Liver and Biliary Tract provided
by the Ministry of Health, Labor, and Welfare of Japan (chaired by Hirohito Tsubouchi)
The Japan Biliary Association (chaired by Kazuo Inui)

IgG4-related sclerosing cholangitis (IgG4-SC) is a characteristic sclerosing cholangitis showing the increased level
of the serum IgG4, the dense infiltration of lymphocytes and IgG4-positive plasma cells with extensive fibrosis in the
bile duct wall, and a good response to steroid therapy. IgG4-SC shows various cholangiographic features similar to
those of primary sclerosing cholangitis (PSC), pancreatic cancer, and cholangiocarcinoma. Therefore, it is not easy to
discriminate IgG4-SC from those progressive or malignant diseases on the basis of cholangiographic findings alone.
The Research Committee of IgG4-related Diseases and the Research Committee of Intractable Diseases of Liver and
Biliary Tract provided by the Ministry of Health, Labor, and Welfare of Japan, and the Japan Biliary Association or-
ganized a working group consisting of researchers specializing in IgG4-SC. This working group proposed the new
clinical diagnostic criteria of IgG4-SC 2012 in order to avoid the misdiagnosis of PSC and malignant diseases as far
as possible, after several meetings and the open forum on 17 September 2011 to discuss the tentative proposal.

Clinical Diagnostic Criteria of IgG4-SC
1. Biliary tractimaging studies showing diffuse or segmental narrowing of the intra and/or extra-hepatic bile duct
associated with the thickening of bile duct wall.
2. Hematological examination shows elevated serum IgG4 concentrations (=135mg/dl).
3. Coexistence of autoimmune pancreatitis, [gG4-related dacryoadenitis/sialoadenitis or IgG4-related retroperito-
neal fibrosis.
4. Histopathologic examination shows:
(DMarked lymphocytic and plasmacyte infiltration and fibrosis.
@Infiltration of IgG4-positive plasma cells: >10 IgG4-positive plasma cells/HPF
(®Storiform fibrosis
@Obliterative phlebitis
Option: Effectiveness of steroid therapy
A specialized facility may include in its diagnosis the effectiveness of steroid therapy, once pancreatic or bile duct
cancers have been ruled out.
Definite: 1 +3, 1 +2+40®, 4023, 40@®
Probable: 1+ 2 + Option
Possible: 1 +2
It is necessary to exclude malignant diseases such as pancreatic or biliary cancers.
JJBA 2012; 26: 59—63

Members of working group for the clinical diagnostic criteria of IgG4-SC:

Kazuichi Okazaki (Kansai Medical University), Shigeyuki Kawa (Shinshu University), Kazuo Inui (Fujita Health Uni-
versity), Terumi Kamisawa (Tokyo Metropolitan Komagome Hospital), Susumu Tazuma (Hiroshima University),
Kazushige Uchida (Kansai Medical University), Kenji Hirano (Tokyo University), Hitoshi Yoshida (Showa University),
Takayoshi Nishino (Tokyo Women'’s Medical University), Shigeru Ko (National Center for Geriatrics and Gerontol-
ogy), Nobumasa Mizuno (Aichi Cancer Center Hospital), Hideaki Hamano (Shinshu University), Atsushi Sugano (To-
hoku University), Kenji Notohara (Kurashiki Central Hospital), Osamu Hasebe (Nagano Municipal Hospital), Takahiro
Nakazawa (Nagoya City University), Yasuni Nakanuma (Kanazawa University), Hajime Takikawa (Teikyo Univer-
sity), Hirohito Tsubouchi (Kagoshima University), Hirotaka Ohara (Nagoya City University)
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Abstract

Background 1gG4-related disease has attracted wide
attention recently. It is characterized by a high level
of serum IgG4 and dense infiltration of IgG4-positive
plasma cells into multiple organs, with the kidney being
one representative target. Although several sets of diag-
nostic criteria for autoimmune pancreatitis (AIP) are
available and renal lesion is recognized as an extra-
pancreatic manifestation of AIP, it is difficult to differen-
tiate IgG4-related tubulointerstitial nephritis (TIN) without
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AIP from other types of TIN. To clarify the entity of 1gG4-
related kidney disease (IgG4-RKD) and support in-depth
studies, the Japanese Society of Nephrology has estab-
lished a working group to prepare diagnostic criteria for
IgG4-RKD.

Method The working group analyzed 41 patients with
IgG4-RKD, and collected the following data to devise a
diagnostic algorithm and diagnostic criteria for IgG4-RKD:
clinical features including extra-renal organ involvement,
urinalysis and serological features including serum IgG4

N. Yamanaka
Tokyo Kidney Research Institute, Tokyo, Japan

D. Inoue
Department of Radiology, Toyama Prefectural Central Hospital,
Toyama, Japan

M. Yamamoto - H. Takahashi
First Department of Internal Medicine, Sapporo Medical
University School of Medicine, Sapporo, Japan

H. Nomura
Department of General Medicine, Kanazawa University
Hospital, Kanazawa, Japan

T. Taguchi
Department of Pathology, Nagasaki University Graduate School
of Biomedical Sciences, Nagasaki, Japan

H. Umehara
Department of Hematology and Immunology,
Kanazawa Medical University, Ishikawa, Japan

H. Makino

Department of Medicine and Clinical Science, Okayama
University Graduate School of Medicine, Okayama, Japan

@ Springer



616

Clin Exp Nephrol (2011) 15:615-626

levels, imaging findings demonstrated by computed
tomography (CT), renal histology with IgG4 immuno-
staining, and response to steroid therapy.

Results The conditions for criteria are as follows. (1)
Presence of some kidney damage, as manifested by
abnormal urinalysis or urine marker(s) and/or decreased
kidney function with either elevated serum IgG level,
hypocomplementemia, or elevated serum IgE level. (2)
Kidney imaging studies showing abnormal renal imaging
findings, i.e., multiple low density lesions on enhanced CT,
diffuse kidney enlargement, hypovascular solitary mass in
the kidney, and hypertrophic lesion of the renal pelvic wall
without irregularity of the renal pelvic surface. (3) Serum
IgG4 level exceeding 135 mg/dl. (4) Renal histology
showing two abnormal findings: (a) dense lymphoplasma-
cytic infiltration with infiltrating IgG4-positive plasma
cells >10/high power field (HPF) and/or ratio of IgG4-
positive plasma cells/IgG positive plasma cells >40%. (b)
Characteristic ‘storiform’ fibrosis surrounding nests of
lymphocytes and/or plasma cells. (5) Extra-renal histology
showing dense lymphoplasmacytic infiltration with infil-
trating IgG4-positive plasma cells > 10/HPF and/or ratio of
1gG4-positive plasma cells/IgG-positive plasma cells
>40%. The diagnosis is classified into 3 stages of definite,
probable and possible according to the combinations of the
above conditions. Thirty-nine cases (95.1%) were diag-
nosed with IgG4-RKD according to the criteria.
Conclusion The provisional criteria and algorithm appear
to be useful for clarifying the entity of 1gG4-RKD and
seeking underlying IgG4-RKD cases; however, further
experience is needed to confirm the validity of these
criteria.

Keywords IgG4-related kidney disease -
Diagnostic criteria - IgG4 - Tubulointerstitial nephritis

Introduction

After the recognition of autoimmune pancreatitis (AIP) as
an IgG4-related disease [1], similar lesions in other organs
have attracted much attention. IgG4-related kidney disease
(IgG4-RKD) was first reported as a complication or an
extrapancreatic manifestation of AIP in 2004 [2, 3]. In the
early reported cases, the development of renal dysfunction
and/or proteinuria during the clinical course of AIP was the
clue to the presence of renal involvement, and renal biopsy
revealed tubulointerstitial nephritis (TIN) and fibrosis with
dense infiltration of IgG4-positive plasma cells [2—4].
Thereafter, incidentally-detected IgG4-RKD cases in the
course of close examination of AIP [5-7] or chronic scle-
rosing sialadenitis and dacryoadenitis [8] using enhanced
computed tomography (CT) have been additionally
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accumulated. Recently, IgG4-RKD without AIP or chronic
sclerosing sialadenitis and dacryoadenitis has also been
reported [9-11].

Against this background of detection of IgG4-RKD with
the kidney being the first recognized organ of IgG4-related
disease [9-11], demand for practical diagnostic criteria for
IgG4-RKD has been growing. To meet this demand and
spread recognition of 1gG4-RKD among nephrologists and
other clinical practitioners, we organized a working group
in the Japanese Society of Nephrology (JSN) consisting of
specialists in clinical nephrology, renal pathology, clinical
immunology and rheumatology. This report describes our
proposal for a diagnostic algorithm and the diagnostic
criteria for IgG4-RKD prepared by this working group.

Methods
Patients

Between 2004 and 2011, we identified 41 patients with
1gG4-RKD in Kanazawa University Hospital, Nagaoka Red
Cross Hospital, Niigata University Hospital, Sapporo Med-
ical University Hospital, and Fukuoka University Hospital.
Nine patients [3 Churg-Strauss syndrome; 2 IgG4-RKD
without TIN with decreased renal function; 1 Sjogren’s
syndrome (SS) with TIN; 1 minimal change nephrotic syn-
drome; 1 allergic disease with hypocomplementemia; 1
relapsing polychondritis] were selected as a negative con-
trol. Written informed consent for all data and samples was
obtained from each patient. The diagnosis of [gG4-RKD was
made principally based on the histologic and immunohis-
tochemical findings of the kidney or other organs with the
support of a comprehensive analysis of the clinical picture
including elevated serum IgG4 levels, and final clinical
judgment was left to the observers at each hospital who had
sufficient experience in IgG4-related disease and clinical
nephrology. This study was approved by each institutional
ethics board and ethics board of the JSN. The research was
conducted in compliance with the Declaration of Helsinki.

Clinical features

The clinical picture including symptoms resulting from other
organ involvement such as the pancreas, lacrimal and sali-
vary glands, or lungs was noted. Diagnostic clues to 1gG4-
RKD were carefully evaluated, and important items were
extracted. Serum IgG, IgG4, IgE, and complement levels
were collected from the clinical data file. Serum creatinine
(Cr) levels and any abnormalities of urinalysis including
proteinuria and hematuria before corticosteroid therapy were
noted in all cases. Urine N-acetyl-p-D-glucosaminidase and
urine f,-microglobulin levels were also noted if available.
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Imaging

CT was the most recommended radiographic imaging
method for IgG4-RKD. In general, contrast-enhanced CT
was needed to make the correct diagnosis; however, the use
of contrast medium required careful judgment in patients
with impaired renal function. Without enhancement, dif-
fuse enlargement of the kidney inconsistent with the degree
of renal function was noted. Other modalities including
gallium scintigraphy, magnetic resonance imaging, and
fluorodeoxyglucose positron emission tomography were
additionally used to identify renal lesions.

Histology and immunostaining

Renal histology was available in 28 patients. Bouin’s fluid-
fixed or formalin-fixed and paraffin-embedded renal spec-
imens of patients with IgG4-RKD were analyzed, and the
degree of lymphoplasmacytic infiltration in the interstit-
ium, degree of fibrosis, eosinophilic infiltration, and
glomerular lesions were recorded. In immunostaining,
immunofluorescence was performed against IgG, IgA,
IgM, C3, Clq, and fibrinogen. Immunostaining was per-
formed using mouse monoclonal antibody against human
IgG4 (Zymed Laboratories, San Francisco, CA, USA, or
The Binding Site, Birmingham, UK), anti-human IgG
(Dako, Glostrup, Denmark), and/or anti-human CDI138
(AbD Serotec, Oxford, UK).

Diagnostic algorithm and criteria

We first analyzed 41 cases of IgG4-RKD, the preliminary
diagnosis of which was made based on the clinical decision
of observers who had sufficient experience with IgG4-
related disease including AIP. To select the most sensitive
and specific test for the diagnosis of IgG4-RKD, we
referred to the revised clinical diagnostic criteria for AIP
proposed by Okazaki et al. [12] and Mayo Clinic criteria
for AIP proposed by Chari et al. [13]. On the basis of these
analyses, a diagnostic algorithm and criteria were prepared.

Results
Clinical features

Table | summarizes clinical and histological characteristics
of the 41 patients. The mean age of the 41 patients was
63.7 years (range 27-83). The ratio of male to female
patients was 30:11. Eight patients without preceding
IgG4-related disease were suspected to have renal disease

because of decreased kidney function (n = 4), radiographic
abnormalities (n = 2) and/or urinary abnormalities (n = 1).
The remaining one patient was detected after close exami-
nation of highly suspected elderly-onset lupus with elevated
serum IgG, hypocomplementemia, and polyarthritis without
urinary abnormalities. In contrast, 33 patients were diag-
nosed as having IgG4-RKD during the clinical course of
IgG4-related disease. Of these, 20 patients were incidentally
detected when systemic examination for IgG4-related dis-
ease was performed through radiographic examination.
Thirteen patients were suspected of having renal disease
because of newly noted renal dysfunction.

Serological features

The mean serum IgG level was 3467 mg/dl (range 1480-
9470 mg/dl), and 37 patients (90.2%) had elevated serum
IgG level. In 21 patients (51.2%), serum IgG levels
exceeded 3000 mg/dl. The mean serum IgG4 level was
991.2 mg/dl (range 152-2940 mg/dl), and all patients had
elevated serum IgG4 levels. Hypocomplementemia was
detected in 22 patients (53.7%), 16 of whom had low C3,
C4, and CHS50 levels. Two patients had both low C3 and
CH50 levels, one had both low C3 and C4 levels, one had
low C3 levels only, and two had low C4 levels only. Serum
IgE level was evaluated in 33 patients. Mean serum IgE
level was 754.3 U/ml (range 3-3960 U/ml), and 26 patients
(78.8%) had elevated serum IgE levels. Mean serum Cr -
level was 1.7 mg/dl, and 24 patients had elevated serum Cr
levels (serum Cr > 1.0 mg/dl).

Imaging

Contrast-enhanced CT was performed in 29 patients.
Twelve of 41 patients had no remarkable CT findings. In 10
of these, use of contrast enhancement was withheld
because of decreased renal function. The remaining two
patients had no remarkable CT findings despite the use of
contrast enhancement. Multiple low-density lesions on
enhanced CT were the most common radiologic finding in
1gG4-RKD, and 19 patients (46.3%) showed this feature
(Fig. la). When decreased renal function existed and
administration of contrast medium was deemed inadvis-
able, diffuse bilateral renal swelling was another feature
(n = 2) (Fig. 1b). The third characteristic radiologic finding
of IgG4-RKD was diffuse thickening of the renal pelvis
wall with smooth intraluminal surface, and this finding was
sometimes detected in patients with IgG4-related disease
without obvious clinical symptoms (Fig. 1d). This radio-
logic finding was usually pointed out incidentally during
the close systemic evaluation of IgG4-related disease
patients, and 6 patients had this type of pelvic lesion. A
hypovascular solitary nodule of the renal parenchyma was

@ Springer



618

Clin Exp Nephrol (2011) 15:615-626

Table 1 Clinical and
pathological characteristics of
41 patients

IgG4-RD 1gG4-related disease;
1gG4-RKD IgG4-related kidney
disease; no. numbers

# Plus-minus values are
mean £ SD

® The number of each organ
involvement is the same
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Characteristics

The number of cases® (%)

Age (years)

Male sex [no. (%)]

Patients with preceding 1gG4-RD [no. (%)]
Clue to detect IgG4-RKD with preceding IgG4-RD [no./total no. (%)]
Incidentally detected during systemic examination for IgG4-RD

Newly noted renal dysfunction

Clue to detect IgG4-RKD without preceding IgG4-RD [no./total no. (%)]

Decreased kidney function
Radiographic abnormalities
Urinary abnormalities
Urinalysis and serological features
Proteinuria [no./total no. (%)]
3+
2+
1+
+
Hematuria [no./total no. (%)}
3+
2+
1+
+
Elevated serum creatinine [no./total no. (%})]
Serum creatinine level (mg/dl)
Elevated serum IgG [no./total no. (%)]
Serum IgG level (mg/dl)
Serum IgG levels exceeding 3000 mg/dl [no./total no. (%)]
Hypocomplementemia [no./total no. (%)]
Elevated serum IgE [no./total no. (%)]
Serum IgE level (U/ml)
Elevated serum IgG4 [no./total no. (%)]
Serum IgG4 level (mg/dl)
Imaging (CT)
Contrast medium used [no./total no. (%)]
Multiple low-density lesions on enhanced CT [no./total no. (%)]
Diffuse bilateral renal swelling on enhanced CT [no./total no. (%))
Diffuse bilateral renal swelling without enhanced CT [no./total no. (%)]
Diffuse thickening of the renal pelvis wall [no./total no. (%)]
Hypovascular solitary nodule [no./total no. (%)]
Histology
Patients with tubulointerstitial lesions [no./total biopsied no. (%)]
Patients with glomerular lesions [no./total biopsied no. (%)]
Other organ involvement [no. (%)]
Pancreas
Salivary gland
Lacrimal gland
Lung
Lymph node
Retroperitoneum
Prostate
Periaortic area

Breast, liver, nerve, thyroid gland, peritoneum, bile duct, or jointb

63.7 £ 12.3
30 (73.2)
33 (80.5)

20/33 (60.6)
13/33 (39.4)

4/8 (50.0)
2/8 (25.0)
1/8 (12.5)

1/36 (2.8)
6/36 (16.7)
11/36 (30.6)
3/36 (8.3)

1/36 (2.8)
2136 (5.6)

9/36 (25.0)

3/36 (8.3)

24/41 (58.5)
17+ 15

37/41 (90.2)
3467.4 + 16582
21/41 (51.2)
22/41 (53.7)
26133 (78.8)
7543 & 876.8
41/41 (100.0)
991.2 + 604.9

29/41 (70.7)
19729 (65.5)
1729 (3.4)
2112 (16.7)
6/41 (14.6)
1729 (3.4)

28/28 (100.0)
11/28 (39.3)

13 31.7)
29 (70.7)
12 (29.3)
12 (29.3)
17 (42.5)
4(9.8)
3(1.3)
2 (4.9)
1 (2.4
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Fig. 1 Characteristic renal computed tomography (CT) imaging. a Multiple low-density lesions on enhanced CT. b Diffuse bilateral renal
swelling. ¢ A hypovascular solitary nodule. d Diffuse thickening of the renal pelvis wall with smooth intra-luminal surface

very rarely diagnosed as an IgG4-related kidney lesion,
with only one such case detected in this study (Fig. lc).
Another patient had unilateral renal swelling probably
because of a unilateral renal mass, but decreased renal
function prevented more detailed analysis using contrast-
enhanced CT.

Histology and immunostaining

A renal biopsy was performed in 28 of 37 patients (75.7%)
with renal parenchymal lesions. Dense lymphoplasmacytic
infiltration with fibrosis in the interstitium was found in
27 patients (Fig. 2a), and without fibrosis in one patient.
Interstitial fibrosis surrounding nests of lymphocytes was
characteristic and resembled the ‘storiform’ shape in AIP [14,
15], and also termed ‘bird’s eye’ pattern [16] (Fig. 2b). Of
these, marked IgG4-positive plasma cell infiltration was con-
firmed immunohistochemically in all patients (Fig. Zc, d). On
the other hand, glomerular lesions were not specific, although
they were found in 11 patients [3 membranous nephropathy
(MN), 2 Henoch-Schénlein purpura nephritis, 2 IgA
nephropathy, 2 focal and segmental endocapillary proliferative
glomerulonephritis, 1 membranoproliferative glomerulone-
phritis, 1 mesangial proliferative glomerulonephritis]. Five
patients who showed only diffuse pelvic wall thickening

radiologically were excluded from the renal histological
examination.

Other organ involvement

Other organ involvement was detected in 39 of 41 patients
(95.1%). The average number of affected organs was 3.4
(range 1-8), and the distribution was shown in Fig. 3. The
most frequently involved organ was the salivary gland,
with 29 of 41 patients (70.7%) affected. Lymph node
swelling was also frequently noted (17 of 41 patients;
42.5%). Thirteen patients (31.7%) had AIP, 12 (29.3%) had
dacryoadenitis, 12 (29.3%) had lung lesion, 4 (9.8%) had
retroperitoneal fibrosis, 3 (7.3%) had prostate lesion, and 2
(4.9%) had periaortic lesion. Breast, liver, nerve, thyroid
gland, peritoneum, bile duct, or joint lesion was detected in
one patient each. Eleven patients had both chronic scle-
rosing sialadenitis and dacryoadenitis.

Response to steroid therapy
Thirty-eight patients were treated with corticosteroid, 35 of
whom had a favorable response to steroid therapy. One

patient eventually required maintenance hemodialysis in
spite of corticosteroid therapy. In the remaining two
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Fig. 2 Representative light microscopic histology. a Dense lympho-
plasmacytic infiliration with fibrosis in the interstitium with clear
border between affected and unaffected areas. b Typical fibrosis. ¢, d
CD138 and IgG4 stain shows that >40% of plasma cells are

16

Number of patients

I 2 3 4 5 6 7 8
Number of affected organs

Fig. 3 Frequency distribution of the number of affected organs. The
mean number of affected organs was 3.4

patients, reduction of serum Cr was not achieved probably
because of a delay in the initiation of steroid treatment.

Diagnostic algorithm

Based on the analysis results of the diagnostic processes of
these 41 cases and previously reported cases, our working
group prepared a diagnostic algorithm of IgG4-RKD (Fig. 4;
Table 2). Forty of 41 patients (97.6%) had either abnormal
urinalysis or urine marker(s), abnormal radiologic findings,
or decreased kidney function. Either elevated serum IgG
level, hypocomplementemia, or elevated serum IgE level
was detected in 40 of 41 patients (97.6%). In four patients
with normal serum IgG level, three had increased serum
IgE levels without hypocomplementemia. Therefore, the
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1gG4-positive (a Periodic acid-Schiff stain x40, b PAM-Masson’s
trichrome stain x 100, ¢ CD138 immunostain x400, d IgG4 immuno-
stain x400)

presence of some kidney damage, as manifested by abnor-
mal urinalysis or urine marker(s), abnormal radiologic
findings, or decreased kidney function, with either elevated
serum IgG level, hypocomplementemia, or elevated serum
IgE level was selected to be the first step to suspect the
diagnosis of IgG4-RKD. However, as these features are
shared with systemic lupus erythematosus, cryoglobuline-
mia, or vasculitis including Wegener’s granulomatosis and
Churg-Strauss syndrome, exclusion criteria were inserted in
the next step. The third step was chosen to confirm an ele-
vated serum IgG4 level, and the following step consisted of
two complementary components: radiologic and histopath-
ologic examinations. If renal pathology was not available,
a careful differential diagnosis to rule out malignant
lymphoma, urinary tract carcinomas, renal infarction,
pyelonephritis, Wegener’s granulomatosis [17, 18], sar-
coidosis [19] and metastatic carcinoma was necessary, and
non-renal histological finding with infiltrating IgG4-positive
plasma cells > 10/high power field (HPF) or IgG4/IgG
>40% was necessary to support the radiologic findings. As
the pathologic examination part, the following characteristic
renal pathological findings of IgG4-RKD were listed: (a)
marked lymphoplasmacytic infiltration, accompanied by
> 10 infiltrating IgG4-positive plasma cells/HPF and/or a
ratio of IgG4/IgG-positive plasma cells >40%, (b) charac-
teristic fibrosis surrounding several infiltrating cells, (c)
other useful findings for the differential diagnosis [positive
findings: lesions extending into the renal capsule, eosinophil
infiltration, well-defined regional lesion distribution,
marked fibrosis, negative findings: (necrotizing) angiitis,
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(DKidney injury manifested by urinalysis, radiologic findings and/or function tests

@ serum 1gG 1, hypocor?;ementemia or serum IgE 1
Yes (A) 1 l No (B)
® Fulfills criteria for lupus, vasculitis and others ] @ Fulfills diagnostic criteria for autoimmune pancreatitis (AIP) type | j
Yes (C) No (D) Yes (E) No (F)
{ ® Serum IgG4 = 1‘35mg/dl ] ( ® Suggestive findings for 1gG4 - related disease and Serum [gG4 2 135mg/dl \
No (H) Yes (G) Yes (I) Neo (J)
1 Unlikely [ @ Characteristic radiologic findings in the kidney ] Unlikely
T Yes (®) 1No @©
®Renal pathology is available. J [ @® Renal pathology is available. | N0 (P)
{ No ()

No (R) Lymphoma, carcinoma, renal infarction
Unlikel and pyelonephritis excluded
nikely 1 YES (Q)

[ @1gG4-positive plasma cells>10/hpf and/or 1gG4/1gG>40%.

in extra-renal histology

)

Yes (M)
Yes (O)

® Characteristic tubulointerstitial findings ]

l Yes (S) l No (T)

1 Yes (U) 1 No (V)

[ Definite 1gG4-RKD ] { Suspected IgG4-RKD

Definite IgG4-RKD } Unlikely ]

Fig. 4 Diagnostic algorithm for IgG4-related kidney disease (IgG4-RKD). Table 2 is a supplement of Fig. 4

granulomatous lesion, neutrophil infiltration, advanced
tubulitis]. Since about 80% of patients were diagnosed as
having IgG4-RKD during the close examination of 1gG4-
related disease other than IgG4-RKD, an alternative path-
way was inserted in the algorithm. Then, the performance of
the diagnostic algorithm procedure was tested on these 41
patients with IgG4-RKD (Fig. 5). In this way, 38 of 41
patients (92.7%) were diagnosed with definite IgG4-RKD,
two with suspected IgG4-RKD. In contrast, none of the
negative control patients were diagnosed with IgG4-RKD.

Diagnostic criteria

On the basis of the result of diagnostic algorithm procedure
and referring to several diagnostic criteria for AIP, we
propose criteria for diagnosis of IgG4-RKD (Table 3).
Using the proposed criteria, 39 of 41 patients (95.1%) were
diagnosed with definite, one with probable, and one with
possible IgG4-RKD.

Discussion

IgG4-RKD is a new clinical entity in the field of
nephrology, unrecognized before 2004, when the notion
gradually emerged of it being an extrapancreatic manifes-
tation of AIP [2-11, 20-25]. This disease has many
features helping to distinguish it from other types of TIN
radiographically [26-30] and pathologically [11, 21], and

early detection provides the best chance for preservation
of renal function because of its good responsiveness to
corticosteroid therapy [2-11]. However, any delay in
treatment increases the risk of kidney failure [31]. This
prompted us to prepare by consensus a set of diagnostic
criteria for IgG4-RKD.

To prepare diagnostic criteria, characteristic radiologic
findings are a very important component because these are
usually the first recognized distinctive features of this dis-
ease, while rarely being seen in other tubulointerstitial
nephritides [26—30]. Of these, the most common radiologic
finding was multiple low-density lesions on enhanced CT
[26-30], with 46.3% showing this type of abnormality in our
study. Takahashi et al. [26] found 9 patients with bilateral
multiple renal lesions, which could be included in the same
category as our multiple low-density lesions, in 14 renal
involvement cases. If the presence of decreased renal
function precludes use of contrast-enhanced CT, bilateral
diffuse kidney enlargement in plain CT is another feature. In
addition, very rarely, a hypovascular solitary mass in the
kidney was also detected [30, 32]; with this type of CT
finding, malignancy must be ruled out. The fourth radiologic
finding was hypertrophic lesion of the renal pelvic wall
without irregularity of the renal pelvic surface, with urinary
tract carcinoma being the most important condition to con-
sider in the differential diagnosis [26, 28-30].

Hypergammaglobulinemia or elevated serum IgG levels,
hypocomplementemia, and elevated serum IgE levels are
all frequently observed serologic features of IgG4-RKD
[2—11]. In our series as well we confirmed that 90.2% had
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Table 2 Diagnostic algorithm for [gG4-related kidney disease (IgG4-RKD)—Supplement to Figure 4

1. This diagnostic algorithm for IgG4-RKD covers renal parenchymal lesions and renal pelvic lesions

2. @ Kidney injury is recognized by proteinuria, hematuria, and elevated N-acetyl-B-p-glucosaminidase, B,-microglobulin and/or ;-

microglobulin excretions in urinalysis

3. @ At least one of 3 abnormalities (elevated serum IgG, hypocomplementemia and elevated serum IgE) is necessary

4. ® The following diseases: systemic lupus erythematosus, systemic vasculitis (Churg-Strauss syndrome and Wegener’s granulomatosis), and
cryoglobulinemia should be excluded. However, even if the patient fulfills the classification criteria of lupus or vasculitis, this may not be
sufficient to completely rule out IgG4-related disease, and measurement of serum 1gG4 level is recommended in atypical cases

5. @ Autoimmune pancreatitis is diagnosed according to the previously proposed diagnostic criteria

6. ® Systemic lesion(s) other than AIP suggesting IgG4-related disease are listed as follows:

Biliary lesion (sclerosing cholangitis)

Pulmonary lesion (interstitial pneumonia, pseudotumor)
Retroperitoneal lesion (retroperitoneal fibrosis)
(peri-)Arterial lesion (inflammatory aortic aneurysm)

Lymph node lesion (hilar lymph node swelling, mediastinal lymph node swelling)

Lacrimal and salivary gland lesion (Mikulicz’s disease, chronic sclerosing dacryoadenitis and sialadenitis)

Hepatic lesion (pseudotumor of the liver)

7. @ Characteristic renal radiologic findings of IgG4-related kidney disease are listed as follows: (in general, contrast-enhanced CT is needed to
make the correct diagnosis. However, the use of contrast medium requires careful judgment in patients with impaired renal function)

a. Multiple low-density lesions on enhanced CT
b. Diffuse kidney enlargement
c. Hypovascular solitary mass in the kidney

d. Hypertrophic lesion of renal pelvic wall without irregularity of the renal pelvic surface

8. @ Malignant lymphoma, urinary tract carcinomas, renal infarction and pyelonephritis sometime have similar and confusing radiologic
findings, and their exclusion is necessary. In particular, misdiagnosis of malignancy as 1gG4-related disease must be avoided

(rarely, Wegener’s granulomatosis, sarcoidosis and metastatic carcinoma have similar radiologic findings)

9. @ Characteristic tubulointerstitial findings of IgG4-related kidney disease are listed as follows:

a. Marked lymphoplasmacytic infiltration, which must be accompanied by > 10 infiltrating IgG4-positive plasma cells/high power field and/or

a ratio of IgG4/IgG-positive plasma cells >40%
b. Characteristic ‘storiform’ fibrosis surrounding infiltrating cells
c. Other useful findings for differential diagnosis:

1. Positive findings: lesions extending into the renal capsule, eosinophil infiltration, well-defined regional lesion distribution, marked fibrosis

2. Negative findings: (necrotizing) angiitis, granulomatous lesion, neutrophil infiltration, advanced tubulitis

Circled numbers correspond to those in Fig. 4

increased serum IgG levels, 53.7% hypocomplementemia,
and 78.8% increased serum IgE levels. In addition,
decreased renal function was detected 58.5%. Therefore,
we considered that the presence of kidney damage, as
manifested by abnormal urinalysis or urine marker(s) or
decreased function, in combination with either elevated
serum IgG level, hypocomplementemia, or elevated serum
IgE level could obviate the need for characteristic radio-
graphic renal findings.

Although elevated serum IgG4 level is a useful marker
of IgG4-related disease including AIP, not all patients with
AIP manifest it. In fact, 8-23% of AIP patients are thought
to have normal serum IgG4 levels in Japanese patients
[33-35]. In contrast, our criteria do not consider the pres-
ence of IgG4-RKD with a normal serum IgG4 level
because we found that all our patients with 1gG4-RKD had
elevated serum IgG4 levels, and considered that the
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presence of a normal serum IgG4 patient might lead to
misdiagnosis. In fact, recent studies [36--38] have shown
that only the characteristic histologic finding of marked
IgG4-positive plasma cell infiltration is not specific for
IgG4-related disease but is also seen in other diseases
such as vasculitis and Castleman’s disease. However, a
case report with IgG4-related inflammatory pseudotumor
of the kidney with normal serum IgG4 level is available
[32], and this represents one of the limitations of our
criteria.

Chari et al. [13] considered histologic criteria to be the
gold standard for the diagnosis of AIP. In addition to the
immunohistochemical findings obtained by IgG4 staining,
distinguishing fibrosis called ‘storiform fibrosis’ and
obliterative phlebitis are also very important for the diag-
nosis of type 1 AIP [14, 15]. Interestingly, we identified
that the same kind of fibrosis was detected in the involved
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Fig. 5 Diagnostic algorithm
performance for 1gG4-related
kidney disease (1gG4-RKD).
This figure shows the results of
performance of diagnostic
algorithm for IgG4-RKD using
41 patients with IgG4-RKD and
9 patients as a negative control.
Upper number in each circle or
box shows the number of IgG4-
RKD, and lower number shows
that of the negative control.
Each box shows the number of No
final diagnosis with IgG4-RKD IgG4-RKD
or non-IgG4-RKD. Using this 0
algorithm, 38 of 41 patients 6
(92.7%) were diagnosed with
definite IgG4-RKD, while none
of the negative control patients
were diagnosed with IgG4-RKD

Definite
IgG4-RKD
11
0

kidney and in a previous study found that this characteristic
fibrosis was very useful in distinguishing IgG4-RKD from
other tubulointerstitial nephritides [16]. In contrast, oblit-
erative phlebitis was not detected in any renal biopsy
specimens in this study (data not shown). Therefore,
lymphoplasmacytic TIN with fibrosis and prominent
1gG4-positive plasma cells seems to be a representative
histopathologic feature of IgG4-RKD.

Several kinds of glomerular lesions have been repor-
ted that overlap with those of typical lymphoplasmacytic
TIN [11, 23, 24]. The most frequently reported lesion is
membranous nephropathy (MN), and three patients had
this type of glomerulopathy in this study. In addition, 8
other patients had various glomerular lesions other than
MN. Although the significance of glomerular lesions in
IgG4-RKD is unclear now, careful attention should be
paid to glomerular lesions in cases of IgG4-RKD.

One of the important differential diagnoses in daily
clinical practice is SS with TIN. Some investigators still
consider that Mikulicz’s disease and SS are the same dis-
ease because they have common clinical features such as
hypergammaglobulinemia, salivary gland enlargement or
dry symptoms. However, Mikulicz’s disease rarely has
positive serum anti-SSA/Ro or SSB/La antibodies as seen
in SS [39, 40], and has gradually been accepted as a rep-
resentative IgG4-related disease. On the other hand,
patients with SS seldom have elevated serum IgG4 levels.
Moreover, although both diseases have similar TIN in
renal histology, IgG4 immunostaining is very useful to

upus,
vasculitis

- IgG4-RKD
Other dis. 0 @ 0
exc]ufied 0 . )

Extra-renal
histology

Kidney injury
+
IgG1,Cl, or IgET

Characteristic

radiology
Renz?l\
pathology + +

No

Renal Not
diagnostic
0

Suspected Definite |Characteristic No
IgG4-RKD 1gG4-RKD TIN 1gG4-RKD
2 27 1
0 0 2

differentiate between them [39, 40]. Hence, IgG4-RKD is
unlikely to be confused with SS.

Considering the above-mentioned features of IgG4-
RKD and referring to several sets of previously established
diagnostic criteria for AIP [12, 13, 41, 42], we prepared
diagnostic criteria for IgG4-RKD. In the diagnostic pro-
cedure of AIP, pancreatic imaging, serology, and histology
have been regarded as important factors by Japanese
researchers [12]. In addition, Chari et al. [13] added other
organ involvement and response to steroid therapy as
useful findings in making the diagnosis of AIP. Application
of the approach of AIP to IgG4-RKD based on renal
imaging, serology, and histology appears reasonable and
are similarly useful. In addition, if renal pathology is not
available, histological findings of an extra-renal sample
with abundant infiltrating IgG4-positive plasma cells
(> 10/HPF and/or 1gG4/IgG > 40%) with characteristic
radiographic findings of kidneys seem to be sufficient to
make a definite diagnosis. Responsiveness to corticosteroid
therapy was not very useful in the diagnosis of IgG4-RKD
because idiopathic TIN is in general responsive to it.

On the basis of this analysis of 41 patients with
IgG4-RKD, we proposed a diagnostic algorithm (Fig. 4)
and a set of diagnostic criteria (Table 3). Using this algo-
rithm, 92.7% of patients were diagnosed with definite
IgG4-RKD, and using these diagnostic criteria, 95.1% of
them were diagnosed with definite IgG4-RKD.

A merit of our diagnostic algorithm and our set of
diagnostic criteria in daily clinical practice is that it
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Table 3 Diagnostic criteria for IgG4-related kidney disease (IgG4-RKD)

1. Presence of some kidney damage, as manifested by abnormal urinalysis or urine marker(s) or decreased kidney function with either elevated
serum IgG level, hypocomplementemia, or elevated serum IgE level

2. Abnormal renal radiologic findings:

a. Multiple low-density lesions on enhanced computed tomography

b. Diffuse kidney enlargement

c. Hypovascular solitary mass in the kidney

d. Hypertrophic lesion of renal pelvic wall without irregularity of the renal pelvic surface
3. Elevated serum 1gG4 level (IgG4 > 135 mg/dl)
4. Histologic findings in the kidney

a. Dense lymphoplasmacytic infiltration with infiltrating IgG4-positive plasma cells > 10/high power field (HPF) and/or 1gG4/IgG-positive
plasma cells >40%

b. Characteristic fibrosis surrounding nests of lymphocytes and/or plasma cells
5. Histologic findings in extra-renal organ(s):

Dense lymphoplasmacytic infiltration with infiltrating IgG4-positive plasma cells > 10/HPF and/or 1gG4/IgG-positive plasma cells >40% in
extra-renal organ(s)

Definite: D+3)+4abd
2+3)+4ab
)+3)+5
D+3)+4)a+5)
Probable: D+4ab
2)+4)a, b
2)+5)
3)+4)ab
Possible: 1)+ 3)
2) +3)
1)+4)a
2)+4)a
Appendix:
1. Clinically and histologically, the following diseases should be excluded: Wegener’s granulomatosis, Churg—Strauss syndrome, extramedullary
plasmacytoma

2. Radiologically, the following diseases should be excluded: malignant lymphoma, urinary tract carcinomas, renal infarction and pyelonephritis
(rarely, Wegener’s granulomatosis, sarcoidosis and metastatic carcinoma)

3. Cases with suspected disease according to the diagnostic algorithm (Fig. 4) are classified into probable or possible 1gG4-RKD according to

these criteria

provides nephrologists and other clinical practitioners with
the opportunity to identify patients with kidney-restricted
IgG4-related disease among those with miscellaneous tub-
ulointerstitial nephritides. In this study, only two patients
(4.9%) had no extra-renal manifestations of IgG-related
disease. Similarly, Zen and Nakanuma [43] showed that all
the kidney lesions that they experienced were associated
with extrarenal IgG4-related disease. These results can be
interpreted in two ways; either kidney-restricted IgG4-
related disease is very rare or it is often overlooked because
of poor recognition. Our diagnostic algorithm and set of
diagnostic criteria for IgG4-RKD may also provide a
promising approach to elucidate this issue.

In contrast, decreased renal function associated with
IgG4-related disease does not necessarily mean renal
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involvement by IgG4-related disease. We experienced two
cases of IgG4-related disease with elevated serum Cr levels,
the renal histology of which turned out to be nephrosclerosis
in one case and diabetic nephropathy in the other case (data
not shown). Other such diagnostic pitfalls will surely be
recognized with the accumulation of greater numbers of
cases in various populations. Because of the existence of
such cases the diagnosis of IgG4-RKD must rely on char-
acteristic radiographic findings or histopathologic findings.

In summary, we proposed the first diagnostic algorithm
and a set of diagnostic criteria for IgG4-RKD. Prospective
studies are required to access the sensitivity and specificity
of these methods and to identify patients undiagnosed with
IgG4-RKD among the patients with idiopathic TIN and
other renal diseases.
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