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Background: The existence of two diagnostic systems, the Boston and Japan criteria, for immunoglobulin 
G4-related disease (IgG4-RD) confuse the medical practice. We aimed to develop a comprehensive 
assessment based on the weight of each diagnostic item in the existing criteria to improve the diagnostic 
efficiency of Boston criteria. 
Methods: We assessed the patients enrolled by a systematic review of the literatures using the Boston 
criteria, Japan criteria and a tentative comprehensive assessment respectively, and evaluated the efficiency of 
each system and their consistency. 
Results: Our analysis showed that the distinction in pathological diagnostic items was similar for the 
Boston criteria (IgG4+/IgG+ ratio, P<0.01; the number of pathological features and IgG4+ count, P<0.001) 
and comprehensive assessment (IgG4+/IgG+ ratio and the number of pathological features, P<0.001; 
IgG4+ count, P<0.05). For the Japan criteria, a good distinction in the number of pathological features was 
demonstrated (P<0.05) but the difference in the IgG4+/IgG+ ratio and IgG4+ count was not significant. 
There was relatively poor consistency between the Boston and Japan criteria (Kappa =0.482, P<0.001), 
while there was good agreement (Kappa =0.811, P<0.001), but a significant difference (P=0.011, McNemar 
matching test), between the Boston criteria and comprehensive assessment. 
Conclusions: The current two diagnostic systems have poor consistency. Comprehensive assessment has 
good agreement with the Boston criteria, but can identify those cases in Boston Category 3 who could still 
be diagnosed as IgG4-related lung disease. Considering the weight of diagnostic items, the scoring system 
is a tentative exploration that should be improved with further experience in diagnosing IgG4-related lung 
disease. 
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Introduction

Since the first report of lung involvement in immunoglobulin 
G4-related disease (IgG4-RD) in 2004, increasing attention 
has been paid to IgG4-related lung disease (IgG4-RLD) (1). 
IgG4-RLD is a systemic disease characterized by IgG4 
positive plasma cell infiltration, storiform fibrosis, and 
obliterative phlebitis with or without elevated serum IgG4 
concentration. The interstitium, mediastinum, airways and 
pleura are organs involved in IgG4-RLD (2). 

As many cases of IgG4-RD have been reported, concern 
about the diagnostic criteria has arisen. Comprehensive 
diagnostic criteria for IgG4-RD were released by the 
Japan College of Rheumatology in 2011 (Japan criteria); 
meanwhile, a consensus statement on the pathology 
of IgG4-RD was reached in Boston, United States 
(Boston criteria) (3,4). The two diagnostic systems have 
similar features, such as an emphasis on histopathology; 
otherwise, the diagnostic criteria from Japan consider 
the affected organs, elevated serum IgG4 concentrations 
and histopathology as equally important. By contrast, the 
Boston criteria are based on histopathology alone. The 
divergences between the two systems are in the number 
of IgG4+ plasma cells/high-power field (HPF), diagnostic 
efficacy of the serum IgG4 concentration and ratio of 
IgG4+/IgG+ cells. The existence of these two diagnostic 
systems could be confusing for clinicians. Does the 
diagnosis of reported IgG4-RLD in the literature agree 
with the two diagnostic systems? A study comparing the 
Boston criteria and global assessment with respect to IgG4-
RD was recently published; however, detailed information 
about the global assessment was not provided (5). Here, we 
tentatively explored a scoring system for comprehensively 
assessing the diagnosis of IgG4-RLD, which was supposed 
to merge the merits of the two existing diagnostic systems. 

Methods

Literature search

We searched the PubMed, Web of Science and Cochrane 
Library databases for relevant articles. To include as many 
papers related to IgG4-RLD as possible, we searched using 
the following terms: ((IgG4-related) OR Immunoglobulin 
G4-related) AND ((lung disease) OR pulmonary disease). 
There were no limits on the ethnicity or region; all papers 
were published in English and the search was updated as 
of February 2017. Studies included in this article met the 
following criteria: published in English; discussed IgG4-

RLD; obtained pathological tissue from the lung; and full 
text available. For cases from the same hospital, we chose 
the most recent report.

Patient inclusion and data extraction

Articles contained in our study include case reports 
that can provide detailed information on the patients 
and original articles from which specific data cannot be 
extracted. Data from case reports include the author, year, 
region, gender, age, clinical features, lesion location, the 
method for obtaining specimens, pathological features, 
the ratio of IgG4+/IgG+ plasma cells, IgG4+/HPF count, 
serum IgG4/IgG concentration (mg/dL) and IgG4-RLD 
therapy. Data from original articles include the author, 
year, region, sample size, gender, age, respiratory allergic 
history, serum IgG4/IgG concentration and therapy. We 
summarized all data. 

If the specific count of IgG4+ plasma cells /HPF was 
not provided, we gave an approximate count of IG4+ 
plasma cells according to the description of IgG4+ cells and 
the provided histological images of Haematoxylin-Eosin 
staining.

Diagnostic criteria

We used the Boston criteria (3) and Japan criteria (4) to 
evaluate all patients. The histological groups of the Boston 
criteria are referred to as Category 1—histologically 
highly suggestive of IgG4-RLD; Category 2—probable 
histological features of IgG4-RLD; and Category 3—
insufficient histopathological features of IgG4-RLD. The 
clinicopathological groups for the Japan criteria are referred 
to as Group Definite, Group Probable, Group Possible and 
Group Not. 

According to the weight of each diagnostic item in the 
Boston and Japan criteria, we tentatively developed a new 
scoring system, the comprehensive assessment (Table 1). 
We divided all patients into four groups according to the 
following scores (using increment of 4 levels): C1—more 
than 9.5; C2—7.5, 8, 8.5, 9; C3—5.5, 6, 6.5, 7; and C4—
less than 5. C1 could be diagnosed as IgG4-RLD, C2 is 
highly suggestive of IgG4-RLD, C3 is possible IgG4-RLD, 
and C4 is not IgG4-RLD.

Statistical analysis

A Kruskal-Wallis non-parametric test and Mann-Whitney 
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U test was adopted for multiple and individual variables, 
respectively. Comparison of the IgG4+/IgG+ ratios, 
number of pathological features and IgG4+ plasma cell 
count/HPF was made among different categories in the 
Boston criteria, different groups in the Japan criteria and 
different groups in the comprehensive assessment. A kappa 
Consistency test and a McNemar matching chi-square test 
were used to test the consistency (Kappa ≥0.75 indicated 
good agreement, 0.75> Kappa ≥0.4 indicated general 
consistency and Kappa <0.4 indicated poor consistency) 
and difference. Statistical analysis was performed using 
GraphPad prism v7 and statistical package for social 
science (SPSS) version 19.0. A P value less than 0.05 was 
considered statistically significant.

Results

Literature results

A total of 371 possible articles were found through 
electronic and manual searches. After browsing the titles 
and abstracts, 290 articles were eliminated. According to the 
inclusion criteria, 18 articles were excluded. A total of 63 
articles, including 59 case reports and four original articles, 
were enrolled (Figure 1).

Case reviews before using diagnostic criteria

We conducted a brief review to assess the current status of 
IgG4-RLD. A total of 138 patients were included in our 
study, including 77 from case reports and the remainder 
from original articles (see Table S1, which summarizes 
patients included from original articles). Among all the 
published articles included in our study, 35 articles are 
from Japan, 7 are from the USA, 5 are from China, 4 are 
from Korea, 3 are from the UK, 2 are from Australia, 
and the remainder are from Canada, Holland, Germany, 
India, Israel, Greece and Poland. The clinicopathological 
characteristics are listed in Table 2. There were twice as 
many male patients as female patients. The number of 
smokers was approximately equal to that of non-smokers, 
and few patients have a history of dust exposure. Neither a 
history of respiratory allergy nor a respiratory symptom was 
specific to the disease. The involvement of extra-pulmonary 
organs also varied, and secretory glands were the most 

Table 1 Comprehensive assessment and the scoring system

Diagnostic items Value Score Scoring reasons*

Ratio of IgG4+/IgG+ cell >40% 4.0 A powerful and the most specific diagnostic item in both 
existing criteria

20%< and ≤40% 1.0

<20% or NM 0.0

Pathological features lymphoplasmacytic infiltrate 2.0 Essential pathological characteristics with dense 
lymphoplasmacytic infiltration being the most common 
followed by fibrosis and obliterative phlebitis often absent

Fibrosis 1.5

Obliterative vasculitis 0.5

IgG4+ cells count/HPF >50 or 20 2.0 Not a powerful and specific feature in diagnosing  
IgG4-RD

≤50 or 20 1.0

NM 0.0

Serum IgG4 concentration ≥135 mg/dL 0.5 Just a prompt screening test and unable to be interpreted 
as a high IgG4 cell count or ratio in pulmonary lesions

*, refer to the discussion for further explanation. NM, not mentioned; HPF, high-power field; IgG4-RD, immunoglobulin G4-related disease.

Documents identified from database 
N=371

Documents after title and abstract 
N=81  

(68 case reports + 13 original articles)

Documents after exclusion 
N=63 

(59 case reporst + 4 original articles)

Documents excluded 
N=290

Documents excluded 
N=18

Figure 1 Flow chart of studies included in our article.
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common. Approximately 10% of patients had cancer with 
the discovery of cancer prior to or following the diagnosis 
of IgG4-RLD. Accompanying diseases were diverse. For 
histopathological features, dense lymphoplasmacytic 
infiltration was the most common, which was followed by 
fibrosis; obliterative phlebitis was often absent. 

Case reviews after using diagnostic criteria

As we could not obtain detailed information for the patients 
from original articles, we chose the patients from case 
reports for further analysis. Each case was evaluated by the 
Boston criteria, Japan criteria and comprehensive assessment 
(Table 3). The number of cases in each group was as follows: 
Boston criteria—22 in Category 1, 14 in Category 2, and 
41 in Category 3; Japan criteria—24 in Group Definite, 7 
in Group Probable, 37 in Group Possible, and 9 in Group 
Not; and comprehensive assessment—26 in C1, 15 in C2, 

Table 2 Clinicopathological characteristics of all patients

Variables N

Age (years) 

<45 13

45–59 21

>60 43

No detailed age 61

Gender

Male 96

Female 42

Smoking history

No 37

Yes 40

NM 61

Dust inhalation 

No 28

Yes 5

NM 105

Allergy history

No 56

Yes 25

NM 56

Respiratory symptoms

No 28

Yes 72

NM 38

Serum concentration of IgG4 (mg/dL)

Elevated 98

Normal 19

NM 21

Serum concentration of IgG (mg/dL)

Elevated 76

Normal 12

NM 50

Table 2 (continued)

Table 2 (continued)

Variables N

Pathological characteristics

A 84

B 49

C 25

Other organ involvement (%) 

Lacrimal glands 7 (9.0)

Salivary and submandibular glands 20 (25.6)

Pancreas 25 (32.1)

Bile duct 4 (5.1)

Retroperitoneal fibrosis 6 (7.7)

Skin 1 (1.3)

Kidney and prostate 15 (19.2)

Cancer (%)

Lung cancer 7 (58.3)

Gastric cancer 2 (16.7)

Colon cancer 3 (25.0)

Pathological features: A, lymphoplasmacytic infiltrate; B, 
fibrosis; C, obliterative vasculitis. NM, not mentioned.



1829Journal of Thoracic Disease, Vol 10, No 3 March 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

T
ab

le
 3

 C
lin

ic
op

at
ho

lo
gi

ca
l f

ea
tu

re
s 

of
 I

gG
4-

R
L

D
 p

at
ie

nt
s 

fr
om

 c
as

e 
re

po
rt

s

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

K
ob

ay
as

hi
  

et
 a

l. 
(6

)
20

07
Ja

pa
n

M
61

Lo
w

-g
ra

de
 

fe
ve

r, 
dr

y 
m

ou
th

, n
ig

ht
 

sw
ea

ts

A
>

40
%

D
en

se
/5

0
57

2/
4,

40
0

2
C

2 
(8

.5
)

P
os

si
bl

e
P

S
L 

30
 m

g/
d 

w
as

 
in

ef
fe

ct
iv

e 
an

d 
ef

fe
ct

iv
e 

af
te

r 
cy

cl
os

po
rin

e 
10

0 
m

g/
d 

w
as

 a
dd

ed

Ta
ka

to
  

et
 a

l. 
(7

)
20

08
Ja

pa
n

M
59

D
ry

 c
ou

gh
, 

sh
or

tn
es

s 
of

 
br

ea
th

A
B

N
M

A
bu

nd
an

t/
50

32
5/

2,
33

0
3

C
3 

(6
.0

)
P

os
si

bl
e

P
S

L 
60

 m
g 

w
as

 
ef

fe
ct

iv
e 

(1
 m

g/
kg

/d
ay

)

Tu
sb

oi
  

et
 a

l. 
(8

)
20

08
Ja

pa
n

M
62

Fe
ve

r, 
fa

tig
ue

, 
an

or
ex

ia
, 

ar
th

ra
lg

ia

A
B

C
23

%
M

an
y/

20
29

2/
1,

99
0

3
C

3 
(6

.5
)

P
os

si
bl

e
C

ip
ro

flo
xa

ci
n 

an
d 

N
S

A
ID

 n
ot

 
ef

fe
ct

iv
e,

 c
or

tis
ol

 
30

 m
g/

d 
im

pr
ov

ed
 

hy
po

co
rt

ic
oi

di
sm

Ya
m

as
hi

ta
  

et
 a

l. 
(9

)
20

08
Ja

pa
n

M
65

A
sy

m
pt

om
at

ic
A

B
C

85
%

A
bu

nd
an

t/
50

19
6/

N
M

1
C

1 
(1

0.
5)

D
ef

in
ite

N
M

M
78

D
ys

pn
ea

 o
n 

ex
er

tio
n

A
B

C
47

%
A

bu
nd

an
t/

50
N

or
m

al
/1

,3
29

1
C

1 
(1

0.
0)

P
ro

ba
bl

e
P

S
L 

60
 m

g/
d 

w
as

 
ef

fe
ct

iv
e,

 ta
pe

re
d 

sl
ow

ly
 to

 1
0 

m
g/

d

M
74

D
ys

pn
ea

 o
n 

ex
er

tio
n

A
46

%
A

bu
nd

an
t/

50
N

M
/N

M
2

C
2 

(8
.0

)
N

ot
N

M

S
hr

es
th

a 
 

et
 a

l. 
(1

0)
20

09
U

S
A

M
74

C
hr

on
ic

 
no

np
ro

du
ct

iv
e 

co
ug

h

A
10

%
19

N
M

/N
M

3
C

4 
(4

.0
)

N
ot

M
M

F
58

N
M

A
B

37
%

11
2

N
M

/N
M

3
C

3 
(6

.5
)

P
ro

ba
bl

e
N

M

M
72

N
M

B
#

32
%

53
N

M
/N

M
3

C
4 

(4
.5

)
N

ot
N

M

M
55

N
M

A
B

58
%

11
5

N
M

/N
M

1
C

1 
(9

.5
)

P
ro

ba
bl

e
N

M

M
86

N
M

A
B

85
%

69
38

0/
N

M
1

C
1 

(1
0.

0)
D

ef
in

ite
N

M

M
69

N
M

A
B

72
%

23
1

2,
49

0/
N

M
1

C
1 

(1
0.

0)
D

ef
in

ite
C

or
tic

os
te

ro
id

s 
w

as
 

ef
fe

ct
iv

e,
 a

nd
 Ig

G
4 

de
cr

ea
se

d 
to

  
1,

15
0 

m
g/

dL

Ik
ar

i e
t a

l. 
(1

1)
20

10
Ja

pa
n

M
67

N
on

e
A

B
N

M
M

ar
ke

d/
50

2,
28

0/
3,

59
4

3
C

3 
(6

.0
)

P
os

si
bl

e
S

te
ro

id
 th

er
ap

y 
w

as
 

ef
fe

ct
iv

e,
 d

ie
d 

of
 

co
m

pl
ic

at
io

n

M
iy

as
hi

ta
  

et
 a

l. 
(1

2)
20

10
Ja

pa
n

M
59

N
on

e
A

50
%

Ye
s/

50
14

5.
7/

4,
22

4
2

C
2 

(8
.5

)
P

os
si

bl
e

P
S

L 
40

 m
g/

d 
w

as
 

ef
fe

ct
iv

e,
 th

en
 ta

pe
re

d

Fu
jiu

 e
t a

l. 
(1

3)
20

10
Ja

pa
n

M
82

N
on

e
A

B
N

M
Ye

s/
50

*
N

or
m

al
/n

or
m

al
3

C
3 

(5
.5

)
P

os
si

bl
e

N
M

T
ab

le
 3

 (
co

nt
in

ue
d)



1830

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

Wang et al. A tentative comprehensive assessment of IgG4-RLD
T

ab
le

 3
 (

co
nt

in
ue

d)

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

To
yo

sh
im

a 
 

et
 a

l. 
(1

4)
20

10
Ja

pa
n

M
57

N
oc

tu
rn

al
 

co
ug

h,
 w

he
ez

e,
 

ex
er

tio
na

l 
dy

sp
ne

a

A
B

55
.7

%
N

um
er

ou
s/

50
3,

25
0/

8,
39

6
1

C
1 

(1
0.

0)
D

ef
in

ite
C

or
tic

os
te

ro
id

 th
er

ap
y 

w
as

 in
ef

fe
ct

iv
e

D
ia

s 
 

et
 a

l. 
(1

5)
20

11
Ja

pa
n

M
70

D
ys

pn
ea

 a
nd

 
fa

tig
ue

A
B

90
%

Ye
s/

50
*

93
6/

N
M

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
20

 m
g/

d 
an

d 
th

en
 

ta
pe

re
d 

to
 1

0 
m

g/
d

N
is

hi
ka

w
a 

 
et

 a
l. 

(1
6)

20
11

Ja
pa

n
M

54
D

ry
 m

ou
th

 a
nd

 
w

ei
gh

t l
os

s
A

B
#

N
M

44
35

1/
1,

77
5

3
C

3 
(6

.0
)

P
os

si
bl

e
P

S
L 

40
 m

g/
d,

 th
e 

m
as

se
s 

de
cr

ea
se

d,
 

ta
pe

re
d 

to
 3

0 
m

g/
d,

 n
ew

 
sm

al
l l

es
io

ns
 tu

rn
ed

 u
p

Ya
m

am
ot

o 
 

et
 a

l. 
(1

7)
20

11
Ja

pa
n

M
78

Fa
tig

ue
 a

nd
 

fe
ve

r
A

B
85

.4
%

18
59

0/
2,

01
1

3
C

2 
(9

.0
)

D
ef

in
ite

N
M

C
ha

pm
an

  
et

 a
l. 

(1
8)

20
12

C
an

ad
a

M
51

N
on

e
A

46
%

21
13

2/
1,

28
0

3
C

3 
(7

.0
)

N
ot

N
M

O
da

ka
  

et
 a

l. 
(1

9)
20

12
Ja

pa
n

M
56

N
on

e
A

N
M

A
bu

nd
an

t/
50

22
8/

1,
52

0
3

C
4 

(4
.5

)
P

os
si

bl
e

N
M

S
ek

ig
uc

hi
  

et
 a

l. 
(2

0)
20

12
U

S
A

F
29

C
he

st
 p

ai
n,

 
dy

sp
ne

a
A

B
92

%
>

30
13

6/
N

M
1

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L 

40
 m

g/
d 

w
as

 
ef

fe
ct

iv
e,

 ta
pe

re
d 

to
  

10
 m

g/
d

S
ug

in
o 

 
et

 a
l. 

(2
1)

20
12

Ja
pa

n
M

65
N

M
A

B
>

50
%

N
um

er
ou

s/
50

3,
92

0/
8,

86
0

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
60

 m
g/

d 
w

as
 

ef
fe

ct
iv

e,
 ta

pe
re

d 
to

  
5 

m
g/

d

Ta
na

ka
  

et
 a

l. 
(2

2)
20

12
Ja

pa
n

M
75

C
ou

gh
, 

sh
or

tn
es

s 
of

 
br

ea
th

A
80

%
Ye

s/
>

10
0

46
9/

2,
06

0
2

C
2 

(8
.5

)
P

os
si

bl
e

P
S

L 
20

 m
g/

d 
w

as
 

ef
fe

ct
iv

e

U
m

ed
a 

 
et

 a
l. 

(2
3)

20
12

Ja
pa

n
M

72
D

ry
 c

ou
gh

, 
sh

or
tn

es
s 

of
 

br
ea

th

A
#

76
.5

%
44

*
85

3/
6,

69
0

2
C

2 
(8

.5
)

P
os

si
bl

e
P

S
L 

30
 m

g/
d,

 
im

pr
ov

ed
 r

ap
id

ly

de
 J

on
g 

 
et

 a
l. 

(2
4)

20
12

H
ol

la
nd

M
83

N
on

-p
ro

du
ct

iv
e 

co
ug

h 
fa

tig
ue

A
B

#
>

20
%

Ye
s/

50
*

5,
25

0/
54

,0
0

3
C

3 
(7

.0
)

P
os

si
bl

e
P

S
L 

60
 m

g/
d,

 c
lin

ic
al

 
sy

m
pt

om
s 

im
pr

ov
ed

H
ui

 e
t a

l. 
(2

5)
20

13
U

K
F

38
D

ys
pn

ea
, 

co
ug

h 
pr

od
uc

tiv
e 

of
 

w
hi

te
 s

pu
tu

m

A
C

N
M

D
en

se
/5

0
E

le
va

te
d/

el
ev

at
ed

3
C

4 
(5

.0
)

P
os

si
bl

e
C

yc
lo

ph
os

ph
am

id
e,

 
vi

nc
ris

tin
e,

 r
itu

xi
m

ab
, 

P
S

L 
br

ea
th

le
ss

ne
ss

 
im

pr
ov

ed

F
56

C
ou

gh
 

pr
od

uc
tiv

e 
of

 
w

hi
te

 p
hl

eg
m

A
N

M
R

ic
h/

50
E

le
va

te
d/

el
ev

at
ed

3
C

4 
(4

.5
)

P
os

si
bl

e
P

S
L 

20
 m

g/
d,

 c
ou

gh
 

im
pr

ov
ed

T
ab

le
 3

 (
co

nt
in

ue
d)



1831Journal of Thoracic Disease, Vol 10, No 3 March 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

T
ab

le
 3

 (
co

nt
in

ue
d)

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

Ito
 e

t a
l. 

(2
6)

20
13

Ja
pa

n
M

59
S

ki
n 

an
d 

m
us

cu
la

r 
sy

m
pt

om
s

A
B

67
%

M
an

y/
30

N
or

m
al

/N
M

3
C

2 
(8

.5
)

P
ro

ba
bl

e
P

S
L 

60
 m

g/
d

K
ita

da
  

et
 a

l. 
(2

7)
20

13
Ja

pa
n

M
75

N
on

e
A

B
C

35
–4

6%
90

52
0/

N
M

1
C

1 
(1

0.
5)

D
ef

in
ite

C
or

tic
os

te
ro

id
 

ad
m

in
is

tr
at

io
n

F
48

B
lo

od
y 

sp
ut

um
A

>
60

%
H

ig
h/

60
15

0/
N

M
2

C
2 

(8
.5

)
P

os
si

bl
e

N
M

P
iff

er
i  

et
 a

l. 
(2

8)
20

13
U

K
M

15
R

ec
ur

re
nt

 
ep

is
od

ic
 

he
m

op
ty

si
s

A
B

#
>

50
%

M
ar

ke
d/

50
1,

09
0/

no
rm

al
2

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L 

0.
6 

m
g/

kg
/d

 w
as

 
ef

fe
ct

iv
e

S
uz

uk
i  

et
 a

l. 
(2

9)
20

13
Ja

pa
n

M
69

P
ro

du
ct

iv
e 

co
ug

h,
 

fa
tig

ab
ili

ty

A
68

%
12

8
25

0/
2,

07
7

2
C

2 
(8

.5
)

P
os

si
bl

e
P

S
L 

60
 m

g/
d,

 s
ha

do
w

s 
di

sa
pp

ea
re

d

W
ib

m
er

  
et

 a
l. 

(3
0)

20
13

G
er

m
an

y
M

78
D

ry
 c

ou
gh

 a
nd

 
sh

or
tn

es
s 

of
 

br
ea

th

A
B

N
M

>
10

3,
63

0/
2,

70
0

3
C

4 
(5

.0
)

P
os

si
bl

e
P

S
L 

60
 m

g/
d,

 
sy

m
pt

om
s 

im
pr

ov
ed

A
hn

 e
t a

l. 
(3

1)
20

14
K

or
ea

M
35

P
ro

du
ct

iv
e 

co
ug

h,
 

dy
sp

ne
a 

up
on

 
ex

er
tio

n

A
B

N
M

12
27

0/
1,

93
0

3
C

4 
(5

.0
)

P
os

si
bl

e
P

S
L 

0.
5 

m
g/

kg
/d

ay
 

an
d 

A
Z

A
 2

 m
g/

kg
/d

ay
, 

sy
m

pt
om

s 
im

pr
ov

ed

B
aj

em
a 

 
et

 a
l. 

(3
2)

20
14

U
S

A
M

68
W

ei
gh

t l
os

s,
 

fa
tig

ue
A

B
C

N
M

>
10

0
14

/N
M

3
C

3 
(6

.0
)

N
ot

S
te

ro
id

 tr
ea

tm
en

t, 
cl

in
ic

al
 im

pr
ov

em
en

t

C
ho

i e
t a

l. 
(3

3)
20

14
K

or
ea

M
74

N
on

e
A

B
40

%
In

cr
ea

se
/6

0
20

1/
N

M
1

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L,

 s
ha

do
w

s 
di

sa
pp

ea
re

d

C
ho

i e
t a

l. 
(3

4)
20

14
K

or
ea

M
48

Fe
ve

r, 
ch

ill
s,

 
sw

ea
tin

g,
 a

nd
 

dy
sp

ne
a

A
B

24
%

Ye
s/

50
24

8/
N

M
3

C
3 

(7
.0

)
P

os
si

bl
e

P
S

L 
0.

6 
m

g/
kg

, 
sy

m
pt

om
at

ic
 

im
pr

ov
em

en
t

In
ou

e 
et

 a
l. 

(3
5)

20
14

Ja
pa

n
M

78
N

on
e

A
N

M
Ye

s/
70

*
98

3/
N

M
3

C
4 

(4
.5

)
P

os
si

bl
e

N
M

Is
hi

da
 e

t a
l. 

(3
6)

20
14

Ja
pa

n
F

22
S

ho
rt

ne
ss

 o
f 

br
ea

th
A

#
N

ot
 

de
te

rm
in

ed
Ye

s/
25

3,
23

0/
7,

18
3

3
C

4 
(4

.5
)

P
os

si
bl

e
P

S
L 

50
 m

g/
d,

 s
ha

do
w

s 
re

du
ce

d 
re

m
ar

ka
bl

y

Is
hi

m
ot

o 
 

et
 a

l. 
(3

7)
20

14
Ja

pa
n

M
62

N
on

e
A

#
40

%
Ye

s/
50

>
1,

50
0/

3,
28

0
2

C
2 

(8
.5

)
P

os
si

bl
e

N
o 

tr
ea

tm
en

t, 
no

 
ag

gr
av

at
io

n

O
m

ok
aw

a 
 

et
 a

l. 
(3

8)
20

14
Ja

pa
n

F
62

C
ou

gh
, s

pu
tu

m
A

B
N

M
Ye

s/
50

35
.9

/1
,2

55
3

C
3 

(5
.5

)
N

ot
M

et
hy

l-
pr

ed
ni

so
lo

ne
 

25
0 

m
g/

d,
 th

en
 P

S
L 

30
 m

g/
d,

 p
ro

te
in

ur
ia

 
im

pr
ov

ed
 g

ra
du

al
ly

T
ab

le
 3

 (
co

nt
in

ue
d)



1832

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

Wang et al. A tentative comprehensive assessment of IgG4-RLD
T

ab
le

 3
 (

co
nt

in
ue

d)

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

O
ni

sh
i  

et
 a

l. 
(3

9)
20

14
Ja

pa
n

M
68

D
ys

pn
ea

 o
n 

ex
er

tio
n

A
B

>
60

%
Ye

s/
60

1,
26

0/
3,

21
5

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
30

 m
g/

d 
or

 w
ith

 
m

et
ho

tre
xa

te
 5

 m
g/

w
ee

k 
w

er
e 

ad
eq

ua
te

, P
S

L 
20

 m
g/

d 
an

d 
A

Z
A

 5
0 

m
g/

d 
w

as
 e

ffe
ct

iv
e

S
un

 e
t a

l. 
(4

0)
20

14
C

hi
na

F
48

C
ou

gh
 a

nd
 

ex
pe

ct
or

at
io

n
A

B
C

>
50

%
>

50
N

or
m

al
/N

M
1

C
1 

(1
0.

0)
P

ro
ba

bl
e

P
S

L 
60

 m
g/

d 
an

d 
M

M
F 

50
0 

m
g 

tid
 w

er
e 

ef
fe

ct
iv

e,
 e

nl
ar

ge
d 

if 
ta

pe
re

d

M
36

C
ou

gh
, 

in
te

rm
itt

en
t 

he
m

op
ty

si
s,

 
oc

ca
si

on
al

 
fe

ve
r

A
>

50
%

46
7,

49
0/

N
M

3
C

2 
(8

.5
)

P
os

si
bl

e
P

S
L 

45
 m

g/
d,

 n
o 

im
pr

ov
em

en
t

M
45

Fe
ve

r, 
co

ug
h,

 
ch

es
t p

ai
n

N
M

N
M

N
M

3,
97

0/
N

M
3

C
4 

(0
.5

)
P

os
si

bl
e

P
S

L 
45

 m
g/

d 
w

as
 

ef
fe

ct
iv

e,
 e

nl
ar

ge
d 

if 
ta

pe
re

d

Z
ho

u 
et

 a
l. 

(4
1)

20
14

C
hi

na
F

24
R

ec
ur

rin
g 

co
ug

h 
an

d 
fe

ve
r

A
B

#
N

M
>

50
In

cr
ea

se
d/

1,
86

0
3

C
3 

(6
.0

)
P

os
si

bl
e

H
or

m
on

al
 th

er
ap

y,
 

im
pr

ov
ed

 g
re

at
ly

H
az

za
rd

  
et

 a
l. 

(4
2)

20
14

U
S

A
F

32
C

ou
gh

 a
nd

 
ch

es
t p

ai
n

A
B

C
In

cr
ea

se
d

50
N

M
/N

M
3

C
3 

(7
.0

)
P

os
si

bl
e

N
M

Fu
ki

ha
ra

  
et

 a
l. 

(4
3)

20
15

Ja
pa

n
M

45
S

lig
ht

 d
ys

pn
ea

 
on

 e
xe

rt
io

n
A

C
50

%
30

>
1,

50
0/

6,
53

0
3

C
2 

(8
.0

)
D

ef
in

ite
P

S
L 

10
 m

g/
d,

 
m

ar
ke

dl
y 

im
pr

ov
ed

Ji
nn

ur
  

et
 a

l. 
(4

4)
20

15
U

S
A

M
60

C
ou

gh
, s

tr
ea

ky
 

he
m

op
ty

si
s

A
B

23
%

60
17

1/
1,

82
0

3
C

3 
(7

.0
)

P
os

si
bl

e
P

S
L 

60
 m

g/
d,

 th
en

 
M

M
F 

w
as

 a
dd

ed
, P

S
L 

ta
pe

re
d 

to
 5

 m
g/

d

K
ra

us
e 

 
et

 a
l. 

(4
5)

20
17

U
S

A
M

84
W

or
se

ni
ng

 
dy

sp
ne

a,
 

fa
tig

ue
 a

nd
 

un
in

te
nd

ed
 

w
ei

gh
t l

os
s

A
B

C
#

N
M

45
30

6/
N

M
3

C
3 

(6
.5

)
P

os
si

bl
e

P
S

L 
40

 m
g/

d,
 th

en
 

ta
pe

re
d 

to
 2

0 
m

g/
d

Ta
n 

et
 a

l. 
(4

6)
20

15
C

hi
na

M
52

In
te

rm
itt

en
t 

co
ug

h,
 b

lo
od

y 
sp

ut
um

, l
ow

 
fe

ve
r

A
B

#
N

M
N

M
>

1,
00

0/
2,

06
0

3
C

4 
(4

.0
)

P
os

si
bl

e
M

et
hy

lp
re

dn
is

ol
on

e 
40

–1
60

 m
g/

d,
 s

er
um

 
Ig

G
4 

de
cr

ea
se

d

W
an

g 
et

 a
l. 

(4
7)

20
15

C
hi

na
F

23
D

ry
 c

ou
gh

, 
fe

ve
r, 

ex
er

tio
na

l 
dy

sp
ne

a

A
B

#
60

P
re

do
m

in
an

t/
50

*
37

8/
1,

86
0

2
C

1 
(1

0.
0)

D
ef

in
ite

C
or

tic
os

te
ro

id
s 

 
1 

m
g/

kg
/d

, s
ym

pt
om

s 
im

pr
ov

ed
 a

nd
 

di
sa

pp
ea

re
d

T
ab

le
 3

 (
co

nt
in

ue
d)



1833Journal of Thoracic Disease, Vol 10, No 3 March 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

T
ab

le
 3

 (
co

nt
in

ue
d)

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

S
ae

ki
 e

t a
l. 

(4
8)

20
15

Ja
pa

n
M

49
N

on
e

A
#

N
M

Ye
s/

70
20

1/
H

ig
h

3
C

4 
(4

.5
)

P
os

si
bl

e
P

ra
zi

qu
an

te
l

F
56

H
em

os
pu

tu
m

A
#

N
M

In
cr

ea
se

d/
30

37
4/

N
M

3
C

4 
(4

.5
)

P
os

si
bl

e
P

ra
zi

qu
an

te
l

S
in

gh
 e

t a
l. 

(4
9)

20
15

In
di

a
M

46
C

he
st

 p
ai

n 
an

d 
he

m
op

ty
si

s
A

#
60

–8
0%

60
–8

0
4,

26
4/

N
M

2
C

2 
(8

.5
)

P
os

si
bl

e
P

S
L 

0.
5 

m
g/

kg
/d

, 
ra

di
ol

og
y 

sy
m

pt
om

s 
de

cr
ea

se
d,

 6
 m

on
th

s 
la

te
r, 

re
cu

rr
en

ce
 o

f 
Ig

G
4-

R
LD

 

B
al

ta
xe

  
et

 a
l. 

(5
0)

20
16

Is
ra

el
F

44
C

ou
gh

 a
nd

 
dy

sp
ne

a.
A

#
N

M
30

–4
0

57
3/

N
M

3
C

4 
(4

.5
)

P
os

si
bl

e
N

o 
tr

ea
tm

en
t, 

re
sp

ira
to

ry
 s

ym
pt

om
s 

re
so

lv
ed

, r
ad

io
lo

gi
ca

l 
im

pr
ov

em
en

t

M
21

P
ro

du
ct

iv
e 

co
ug

h 
an

d 
pl

eu
rit

ic
 c

he
st

 
pa

in

A
B

N
M

40
41

6/
N

M
3

C
3 

(6
.0

)
P

os
si

bl
e

N
o 

tr
ea

tm
en

t, 
re

sp
ira

to
ry

 s
ym

pt
om

s 
re

so
lv

ed
, r

ad
io

lo
gi

ca
lly

 
st

ab
le

M
38

N
M

A
#

N
M

N
M

17
7/

N
M

3
C

4 
(2

.5
)

P
os

si
bl

e
N

o 
tr

ea
tm

en
t, 

ra
di

ol
og

ic
al

ly
 s

ta
bl

e

G
re

w
al

  
et

 a
l. 

(5
1)

20
15

U
S

A
F 

60
C

he
st

 p
ai

n,
 

co
ug

h
A

B
N

M
50

N
or

m
al

/N
M

3
C

3 
(5

.5
)

N
ot

N
M

Ik
ed

a 
et

 a
l. 

(5
2)

20
17

Ja
pa

n
M

72
N

M
A

B
C

>
40

%
>

50
N

M
/N

M
1

C
1 

(1
0.

0)
P

ro
ba

bl
e

P
S

L 
0.

5–
0.

6 
m

g/
kg

/d
 

w
as

 e
ffe

ct
iv

e

M
55

N
M

A
B

>
40

%
>

50
38

0/
2,

11
1

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
0.

5–
0.

6 
m

g/
kg

/d
 

w
as

 e
ffe

ct
iv

e

M
73

N
M

A
C

>
40

%
>

50
1,

07
0/

3,
96

2
1

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L 

0.
5–

0.
6 

m
g/

kg
/d

 
w

as
 e

ffe
ct

iv
e

M
71

N
M

A
B

>
40

%
>

50
22

3/
1,

12
6

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
0.

5–
0.

6 
m

g/
kg

/d
 

w
as

 e
ffe

ct
iv

e

M
78

N
M

A
B

>
40

%
>

50
29

5/
2,

16
1

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
0.

5–
0.

6 
m

g/
kg

/d
 

w
as

 e
ffe

ct
iv

e

K
an

g 
et

 a
l. 

(5
3)

20
16

K
or

ea
M

63
H

em
op

ty
si

s
A

B
#

N
M

>
40

25
.1

/1
,0

10
3

C
3 

(5
.5

)
N

ot
G

lu
co

co
rt

ic
oi

ds
, 

he
m

op
ty

si
s 

di
sa

pp
ea

re
d,

 m
as

s 
de

cr
ea

se
d

K
ot

et
su

  
et

 a
l. 

(5
4)

20
17

Ja
pa

n
M

70
C

ou
gh

, s
pu

tu
m

A
70

%
94

27
3/

2,
13

8
2

C
2 

(8
.5

)
P

os
si

bl
e

P
S

L 
25

 m
g/

d,
 s

ha
do

w
s 

im
pr

ov
ed

 r
ap

id
ly

T
ab

le
 3

 (
co

nt
in

ue
d)



1834

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

Wang et al. A tentative comprehensive assessment of IgG4-RLD
T

ab
le

 3
 (

co
nt

in
ue

d)

A
ut

ho
r

Ye
ar

R
eg

io
n

S
ex

A
ge

 
(y

ea
rs

)
C

lin
ic

al
 

fe
at

ur
es

P
at

ho
lo

gi
ca

l 
fe

at
ur

es

R
at

io
 o

f 
Ig

G
4+

/Ig
G

+
 

ce
ll

Ig
G

4+
/H

P
F

Ig
G

4/
Ig

G
 

co
nc

en
tr

at
io

n 
(m

g/
dL

)

B
os

to
n 

cr
ite

ria

C
om

pr
eh

en
si

ve
 

as
se

ss
m

en
t 

(s
co

re
s)

Ja
pa

n 
cr

ite
ria

Th
er

ap
y

N
og

uc
hi

  
et

 a
l. 

(5
5)

20
16

Ja
pa

n
F

73
N

on
e

A
B

>
50

%
M

an
y/

50
83

5/
1,

88
9

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
10

 m
g/

d,
 s

ha
do

w
s 

im
pr

ov
ed

 r
ap

id
ly

, t
he

n 
ta

pe
re

d 
to

 4
 m

g/
d

O
ni

sh
i  

et
 a

l. 
(5

6)
20

15
Ja

pa
n

M
67

N
on

e
A

B
#

>
50

%
M

ar
ke

d
1,

43
0/

3,
15

9
2

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L 

0.
6 

m
g/

kg
/d

, 
sh

ad
ow

s 
im

pr
ov

ed
, 

sy
m

pt
om

s 
st

ab
le

 w
he

n 
P

S
L 

ta
pe

re
d 

P
at

el
 e

t a
l. 

(5
7)

20
16

A
us

tr
al

ia
F

70
N

on
e

A
N

M
N

M
N

M
/1

,0
00

3
C

4 
(2

.0
)

N
ot

N
M

S
ch

ne
id

er
  

et
 a

l. 
(5

8)
20

16
U

S
A

M
72

D
ry

 c
ou

gh
 a

nd
 

dy
sp

ne
a

A
B

67
%

69
76

0/
no

rm
al

1
C

1 
(1

0.
0)

D
ef

in
ite

P
S

L 
20

 m
g 

×
2/

d 
w

as
 

ef
fe

ct
iv

e

S
ko

po
ul

i  
et

 a
l. 

(5
9)

20
17

G
re

ec
e

M
50

D
ar

k-
ye

llo
w

is
h 

sp
ut

um
.

A
B

35
%

H
ig

h/
50

N
or

m
al

/N
M

3
C

3 
(6

.5
)

P
os

si
bl

e
M

et
hy

lp
re

dn
is

ol
on

e 
32

 m
g/

d,
 q

ui
ck

 
im

pr
ov

em
en

t

S
ta

m
at

op
ou

lo
s 

 
et

 a
l. 

(6
0)

20
16

U
K

F
41

B
ac

k 
pa

in
A

C
#

>
40

%
>

15
0

39
5/

no
rm

al
2

C
1 

(1
0.

0)
D

ef
in

ite
P

S
L 

60
 m

g/
d,

 s
ha

do
w

s 
di

sa
pp

ea
re

d

S
zc

za
w

in
sk

a-
P

op
lo

ny
k 

 
et

 a
l. 

(6
1)

20
16

P
ol

an
d

M
7

C
he

st
 p

ai
n 

an
d 

fe
ve

r
A

B
C

40
10

N
or

m
al

/N
M

3
C

2 
(9

.0
)

P
ro

ba
bl

e
N

o 
tr

ea
tm

en
t, 

sy
m

pt
om

-f
re

e

Ta
sh

iro
  

et
 a

l. 
(6

2)
20

16
Ja

pa
n

M
72

N
on

e
A

C
>

40
%

Ye
s/

50
34

6/
2,

40
7

1
C

1 
(1

0.
0)

D
ef

in
ite

N
o 

tr
ea

tm
en

t

To
ug

e 
et

 a
l. 

(6
3)

20
17

Ja
pa

n
M

61
C

ou
gh

A
#

N
M

>
20

25
8/

2,
21

1
3

C
4 

(4
.5

)
P

os
si

bl
e

P
S

L 
20

 m
g/

d 
fo

r 
 

2 
w

ee
ks

, t
ap

er
ed

 to
 

20
 m

g/
d,

 s
ym

pt
om

s 
im

pr
ov

ed

O
ku

bo
  

et
 a

l. 
(6

4)
20

17
Ja

pa
n

F
71

N
on

e
A

B
C

65
%

92
14

1/
N

M
1

C
1 

(1
0.

5)
D

ef
in

ite
N

o

*,
 t

he
 m

ag
ni

fic
at

io
n 

of
 t

he
 m

ic
ro

sc
op

e 
is

 ×
10

0;
 # , 

sp
ec

im
en

 f
ro

m
 n

ee
d

le
 b

io
p

sy
; 

C
1,

 d
ia

gn
os

ed
 a

s 
Ig

G
4-

R
LD

; 
C

2,
 h

ig
hl

y 
su

gg
es

tiv
e 

of
 I

gG
4-

R
LD

; 
C

3,
 p

os
si

b
le

 I
gG

4-
R

LD
; 

C
4,

 n
ot

 I
gG

4-
R

LD
; 

P
at

ho
lo

gi
ca

l f
ea

tu
re

s:
 A

, l
ym

ph
op

la
sm

ac
yt

ic
 in

fil
tr

at
e;

 B
, f

ib
ro

si
s;

 C
, o

bl
ite

ra
tiv

e 
va

sc
ul

iti
s;

 Y
es

, n
o 

de
ta

ile
d 

nu
m

be
rs

 o
f 

Ig
G

4+
 p

la
sm

a 
ce

lls
, b

ut
 h

is
to

lo
gi

ca
l e

xa
m

in
at

io
n 

of
 H

&
E

 s
ta

in
 w

as
 p

ro
vi

de
d 

in
 a

rt
ic

le
. 

N
M

, 
no

t 
m

en
tio

ne
d;

 V
AT

S
, 

vi
de

o-
as

si
st

ed
 t

ho
ra

co
sc

op
ic

 s
ur

ge
ry

; 
P

S
L,

 p
re

dn
is

ol
on

e;
 A

Z
A

, 
az

at
hi

op
rin

e;
 M

M
F,

 m
yc

op
he

no
la

te
 m

of
et

il;
 T

B
LB

, 
tr

an
sb

ro
nc

hi
al

 lu
ng

 b
io

ps
y;

 E
B

U
S

-T
B

N
A

, 
en

do
br

on
ch

ia
l u

ltr
as

ou
nd

-g
ui

de
d 

tr
an

sb
ro

nc
hi

al
 n

ee
dl

e 
as

pi
ra

tio
n;

 Ig
G

4-
R

LD
, i

m
m

un
og

lo
bu

lin
 G

4-
re

la
te

d 
lu

ng
 d

is
ea

se
.



1835Journal of Thoracic Disease, Vol 10, No 3 March 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(3):1825-1841jtd.amegroups.com

19 in C3, and 17 in C4.

Comparison of the number of pathological features, IgG4+/
IgG+ ratio and IgG4+ plasma cell count/HPF for each 
group in each criterium

For the Boston criteria, both the ratio of IgG4+/IgG+ and the 
IgG4+ cell count/HPF were significantly higher in Category 
1 compared to Category 3 (both: P<0.01) and in Category 
2 compared to Category 3 (ratio: P<0.01; IgG4+cell count: 
P<0.001). The comparison of the number of pathological 
features showed a certain degree of distinction (Figure 2).

In the comparison for the Japan criteria, neither the ratio of 
IgG4+/IgG+ nor the IgG4+ cell count/HPF was significantly 
different among the groups. However, the distinction in the 

numbers of pathological features was relatively good (Figure 3).
The comparison for comprehensive assessment was 

somewhat similar to the Boston criteria except for the count 
of the IgG4+ plasma cells/HPF, in which the degree of 
difference was even more pronounced (Figure 4). 

Consistency between different criteria

Given the sample of each group in the Japan and Boston 
criteria, we merged the Group Possible and Group Not in 
the Japan criteria to make the number of levels in both the 
Boston criteria and Japan criteria match. The Kappa value 
is 0.482 (P<0.001) between the Boston and Japan criteria (see 
Table S2, which demonstrates the cross tabulation between 
the Boston and Japan criteria).

Figure 2 The ratio of IgG4+/IgG+, numbers of pathological features and mean IgG4+ cell/HPF in the three Boston histological categories. 
Kruskal-Wallis test for multiple comparisons; Mann-Whitney test for individual variables. NS, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001. 
HPF, high-power field.

Figure 3 The ratio of IgG4+/IgG+, numbers of pathological features and mean IgG4+ cell/HPF in Japan criteria. Kruskal-Wallis test for 
multiple comparisons; Mann-Whitney test for individual variables. NS, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001. HPF, high-power field.
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In the consistency test between Japan and comprehensive 
criteria, the Kappa value was 0.645 (P<0.001, see Table S3, 
which demonstrates the cross tabulation between the Japan 
and comprehensive criteria).

Given the sample of each group in the comprehensive 
assessment and Boston criteria, we merged Groups C3 and C4 
in the comprehensive assessment to make the number of levels 
in both the Boston criteria and comprehensive assessment 
match. The Kappa value is 0.811 (P<0.001, Table 4). The 
difference between the Boston criteria and comprehensive 
assessment was significant (P=0.011, McNemar matching test).

Discussion

We reviewed 138 cases of IgG4-RLD in the literature and 
focused on 77 patients with detailed information to evaluate 

the efficiency of the two existing diagnostic systems. The 
Boston criteria showed good distinction among its three 
categories, while the Japan criteria had some blurring 
between categories. Given the inconsistency between the 
two existing systems, the current study sought to establish 
a new comprehensive assessment based on the weight of 
each diagnostic item in the Boston and Japan Criteria. The 
proposed scoring system of the comprehensive assessment 
combined the advantages of both existing criteria, making 
better use of the clinicopathological information, which was 
thought to be more efficient than the existing criteria.

Our analysis showed that the classification in the Japan 
criteria was not pathologically reasonable. Japan criteria 
seemed to be better than Boston and comprehensive criteria 
in the distinction in the numbers of pathological features, 
however, no good distinction in ratio of IgG4+/IgG+ cells 
and count of IgG4+ plasma cells/HPF was found in Japan 
criteria. Actually, the diagnosis of IgG4-RLD doesn’t merely 
rely on the three pathological features. The key advantage 
of the Japan criteria is the application of the serum IgG4 
concentration, which is thought to be linked to the disease. 
In contrast, the difference in the pathological items among 
three categories in the Boston criteria was relatively 
significant. However, the Boston criteria are pathological 
diagnostic criteria with strict threshold values for the number 
of pathological features, count of IgG4+ plasma cells and 
ratio of IgG4+/IgG+. Some potential IgG4-RLD patients 
might be excluded by the Boston criteria due to insufficient 
diagnostic information or not meeting a certain threshold. 
For example, a patient with two pathological features, a 67% 

Figure 4 The ratio of IgG4+/IgG+, numbers of pathological features and mean IgG4+ cell/HPF in the comprehensive assessment. Kruskal-
Wallis test for multiple comparisons; Mann-Whitney test for individual variables. In the comparison of the ratio of IgG4+/IgG+ cells, the 
sample size of C4 was too small to be statistically analysed. NS, P≥0.05; *, P<0.05; **, P<0.01; ***, P<0.001. HPF, high-power field.

Table 4 Cross tabulation between Boston criteria and comprehensive 
assessment

Boston category
Comprehensive assessment

Total
C1 C2 C3 + C4

1 22 0 0 22

2 4 10 0 14

3 0 5 19+17 41

Total 26 15 36 77

Kappa =0.811, P<0.001. C1, diagnosed as IgG4-RLD; C2, highly 
suggestive of IgG4-RLD; C3, possible IgG4-RLD; C4, not IgG4-
RLD. IgG4-RLD, immunoglobulin G4-related lung disease.
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IgG4+/IgG+ ratio and 30 IgG4+ plasma cells/HPF [Table 3, 
reference 8 (8)], could not be diagnosed as IgG4-RLD by the 
Boston criteria. Similarly, a patient with lymphoplasmacytic 
infiltration, a 68% IgG4+/IgG+ ratio, 128 IgG4+ plasma 
cells/HPF, and IgG4 >135 mg/dL [Table 3, reference 11 (11)] 
was diagnosed as possible IgG4-RLD by the Japan criteria 
due to the lack of fibrosis. However, should such patients be 
diagnosed as IgG4-RLD or just suspicious of IgG4-RLD? 
These two patients were in Group C2 for the comprehensive 
assessment, which is highly suggestive of IgG4-RLD.  

Three primary pathological characteristics in diagnosing 
IgG4-RLD are dense lymphoplasmacytic infiltration, 
fibrosis, and obliterative phlebitis. However, fibrosis 
or obliterative phlebitis can be absent or indistinctive 
in the lung (65). We found similar results that dense 
lymphoplasmacytic infiltration was the most common, 
which was followed by fibrosis; obliterative phlebitis was 
often absent (Table 2). Therefore, lymphoplasmacytic 
infiltration scored 2 points, fibrosis scored 1.5 points, 
and obliterative phlebitis scored 0.5 points in our scoring 
system. The ratio of IgG4+/IgG+ plasma cells is another 
powerful diagnostic item in diagnosing IgG4-RD, and 
the suggested cut-off value is >40% in any organ (66-68). 
The cut-off value of >40% is adopted as a diagnostic item 
in both criteria, but it is a mandatory item in the Boston 
criteria. For this reason, we adopted four points for the 
ratio of IgG4+/IgG >40% in our scoring system. The 
appropriate cut-off value for the IgG4+ plasma cell/HPF 
varies for different organs. The count of IgG4+ plasma cells 
may be elevated in inflammatory conditions, lymphoma and 
malignancies (3). The count >50/HPF in surgical specimens 
or > 20/HPF in biopsy specimens, adopted in the Boston 
Criteria, is usually highly specific, although the count of 
IgG4+ plasma cells/HPF alone is not specific (69,70). It 
should be noted that the count of IgG4+ plasma cells/HPF 
alone could not be used as a powerful pathological feature in 
diagnosing IgG4-RD (71). Therefore, the count of IgG4+ 
cells/HPF did not weigh heavily in our comprehensive 
assessment compared to the ratio of IgG4+/IgG. From the 
result of the IgG4 serum concentration, 84% patients had 
an elevated serum IgG4 concentration (Table 2, 98/117). 
The cut-off value for the serum IgG4 concentration is  
135 mg/dL, which was decided based on receiver operating 
characteristic (ROC) curves in AIP patients (72,73). An 
elevated IgG4 serum concentration can also be seen in 
atopic dermatitis, pemphigus, asthma, and multicentric 
Castleman’s disease (4). We thought that an elevated serum 
IgG4 concentration could be a prompt screening test for 

IgG4-RLD. However, because an elevated serum IgG4 
concentration was unable to be interpreted as a high IgG4 
cell count or ratio in pulmonary lesions, we gave 0.5 points 
to the serum IgG4 concentration in the scoring system. 
Although the scoring system was arbitrary, the weight of 
each diagnostic item was based on the literature review.

The Boston criteria just cover the histopathological 
features; however, the diagnosis of IgG4-RLD requires a 
clinical picture context beyond appropriate histopathological 
features (3). Based on statistical analysis, the ratio of IgG4+/
IgG+ plasma cells was significantly higher in C1 and C2 
than in C3 and C4 in the comprehensive assessment, 
which is similar to the Boston criteria, where the ratio 
of IgG4+/IgG+ plasma cells was significantly higher in 
Categories 1 and 2 than Category 3. Additionally, we 
found a more obvious difference between C3 and C1+C2, 
but an unnoticeable difference between C3 and C4 in 
the IgG4+ plasma cell count/HPF, which was similar 
to the Boston criteria where the count of IgG4+ plasma 
cells was significantly higher in Categories 1 and 2 than 
Category 3. Therefore, one of the significant points in 
the comprehensive assessment is the existence of Group 
C3, which possibly includes those cases excluded by the 
Boston criteria due to unmet histopathological features. 
C3 is similar to Group Possible in the Japan criteria. The 
diagnosis of IgG4-RLD could still possibly be made in 
C3 when other diagnoses are excluded. From Table 4, 
we could find that four patients in Boston Category 2 
could be diagnosed as C1 in comprehensive criteria, five 
patients in Boston Category 3 could be diagnosed as C2 in 
comprehensive criteria and 19 patients in Boston Category 
3 could be diagnosed as C3 in comprehensive criteria. 
The consistency test showed good agreement between the 
Boston criteria and comprehensive assessment, unlike that 
between the Boston criteria and Japan criteria, in which two 
cases were in Boston Category 3 but Japan Group Definite 
(Table S2). Additionally, the comprehensive assessment 
differs from the Boston and Japan criteria in that it could 
not only make better use of clinicopathological information 
but also consider the weight of each diagnostic item. This 
is another significant advantage of the comprehensive 
assessment.

In clinical practice, we have two options for acquiring 
tissue, surgical biopsy or needle biopsy. In our study, needle 
biopsy was adopted in 20 cases. Surgical biopsy is probably 
better than needle biopsy. Sometimes needle biopsy cannot 
capture the complete histological information for the biopsy 
sample (3,74). Needle biopsy supplies limited tissue and 
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obliterative phlebitis may not be identified in a specimen 
of small size (74). Sometimes, peritumoural tissue contains 
abundant IgG4+ plasma cells. If peripheral tissue outside of 
the malignancy is acquired by needle biopsy, a misdiagnosis 
of IgG4-RLD is made. Then, could the diagnosis of 
IgG4-RLD be made without biopsy as in IgG4-related 
autoimmune pancreatitis (IgG4-AIP)? The answer is 
probably “no”. IgG4-RD is similar to malignant tumours 
and diseases, such as Sjogren’s syndrome, Castleman’s 
disease, Wegener’s granulomatosis, and sarcoidosis. IgG4-
RLD could be misdiagnosed as lung cancer, nonspecific 
interstitial pneumonia, lymphoproliferative disorder, 
sarcoidosis, or tuberculosis (31,46,47,74). Therefore, 
histopathological examination is essential to diagnosing 
IgG4-RLD. Video-assisted thoracoscopic surgery is an 
option for obtaining a specimen for an accurate diagnosis.

There are some limitations in our study. First, the 
incidence of IgG4-RLD is low and there is no gold standard 
for diagnosing IgG4-RLD. That is why we used systematic 
review to enroll patients. Second, some patients included in 
this study lacked specific quantitative information for the 
diagnosis. Additionally, heterogeneity exists in the method 
for counting IgG4+ plasma cells/HPF, the magnification of 
the microscope, the immunostaining of IgG4 and IgG and 
the detection of serum IgG4 concentration in the evaluated 
studies. Nonetheless, the thorough literature review and 
analysis should be very helpful for development of more 
meaningful criteria.

Conclusions

The Boston criteria and Japan criteria have relatively poor 
consistency. The comprehensive assessment has good 
agreement with the Boston criteria, but it can detect those 
cases in Boston Category 3 that could still be diagnosed as 
IgG4-RLD. Considering the weight of the diagnostic items, 
the scoring system of the comprehensive assessment is a 
tentative exploration and should be improved with further 
experience in diagnosing IgG4-RLD. 
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Supplementary

Table S3 Cross tabulation between Japan criteria and comprehensive 
assessment

Comprehensive 
assessment

Japan Group
Total

Definite Probable Possible Not

C1 24 2 0 0 26

C2 0 5 10 0 15

C3 0 0 19 0 19

C4 0 0 8 9 17

Total 24 7 37 9 77

Kappa =0.645, P<0.001.

Table S1 Clinicopathological features of patients from original articles

Author Year Region
Sample 

size
Gender

Age 
(years)

Allergic 
history

Serum IgG  
(mg/dL)

Serum IgG4  
(mg/dL)

Therapy

Zen  
et al. (65)

2009 Japan 21 17 M/4 F 42–76 9 12 elevated/1 
normal/8 NM

9 elevated/2 
normal/10 NM

Corticosteroid was effective

Matsui  
et al. (75)

2013 Japan 18 14 M/4 F 43–81 2 3,628  
(2,191–7,534) 

1,635  
(374–6,490)

15 patients received PSL 30–60 mg/d,  
symptoms improved; two patients 
without PSL, nodules remained stable; 
one patient improved spontaneously 

Shirai  
et al. (76)

2014 Japan 5 5 F 26–70 4 NM 1,044  
(92–2,220)

Epoprostenol and PSL >50 mg/d, four 
patients improved in PAH, one patient 
died of PAH

Sun  
et al. (77)

2016 China 17 6 M/11 F 18–71 4 11 patients 
>1,700

Seven patients 
>1,350

11 patients received PSL 20–50 mg/d:  
seven patients remained stable, three 
patients added immunosuppressant and 
were then stable, one patient died; three 
patients: stable with glucocorticoids 
and immunosuppressant; three patients 
received no treatment and remained 
stable

Allergy history: allergic rhinitis, allergic asthma, or allergic skin disease. NM, not mentioned; F, female; M, male; PSL, prednisolone; PAH, 
pulmonary arterial hypertension.

Table S2 Cross tabulation between the Boston and Japan criteria

Boston 
category

Japan Group
Total

Definite Probable Possible + Not

1 18 4 0 22

2 4 0 10 14

3 2 3 36 41

Total 24 7 46 77

Kappa =0.482, P<0.001.
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