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Effectiveness of imaging modalities for
screening lgG4-related dacryoadenitis and
sialadenitis (Mikulicz's disease) and for
differentiating it from Sjogren’s syndrome
(SS), with an emphasis on sonography
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Abstract

Introduction: The aim of this study was to clarify the effectiveness of various imaging modalities and characteristic
imaging features in the screening of igG4-related dacryoadenitis and sialadenitis (IgG4-DS), and to show the
differences in the imaging features between IgG4-DS and Sjogren’s syndrome (SS).

Methods: Thirty-nine patients with 1gG4-DS, 51 with SS and 36 with normal salivary glands were enrolled. Images
of the parotid and submandibular glands obtained using sonography, 2-['8F]-fluoro-2-deoxy-D-glucose positron
emission tomography/computed tomography (FDG-PET/CT), computed tomography (CT) and magnetic resonance
imaging (MRI) were retrospectively analyzed. Six oral and maxillofacial radiologists randomly reviewed the arranged
image sets under blinded conditions. Each observer scored the confidence rating regarding the presence of the
characteristic imaging findings using a 5-grade rating system. After scoring various findings, diagnosis was made as
normal, IgG4-DS or SS, considering all findings for each case.

Results: On sonography, multiple hypoechoic areas and hyperechoic lines and/or spots in the parotid glands and
obscuration of submandibular gland configuration were detected mainly in patients with SS (median scores 4, 4
and 3, respectively). Reticular and nodal patterns were observed primarily in patients with IgG4-DS (median score 5).
FDG-PET/CT revealed a tendency for abnormal "®F-FDG accumulation and swelling of both the parotid and
submandibular glands in patients with IgG4-DS, particularly in the submandibular glands. On MRI, SS had a high
score regarding the findings of a salt-and-pepper appearance and/or multiple cystic areas in the parotid glands
(median score 4.5). Sonography showed the highest values among the four imaging modalities for sensitivity,
specificity and accuracy. There were significant differences between sonography and CT (p = 0.0001) and between
sonography and FDG-PET/CT (p = 0.0058) concerning accuracy.

Conclusions: Changes in the submandibular glands affected by IgG4-DS could be easily detected using
sonography (characteristic bilateral nodal/reticular change) and FDG-PET/CT (abnormal '*F-FDG accumulation). Even
inexperienced observers could detect these findings. In addition, sonography could also differentiate SS.
Consequently, we recommend sonography as a modality for the screening of IgG4-DS, because it is easy to use,
involves no radiation exposure and is an effective imaging modality.
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Introduction

Immunoglobulin G4 (IgG4)-related dacryoadenitis and
sialadenitis (IgG4-DS), Mikulicz’s disease, has recently
been recognized as being an independent entity from
Sjogren’s syndrome (SS), because of its clinical and sero-
logical features [1-3]. Yamamoto et al. [2, 3] stated that
these features include persistent gland swelling in IgG4-
DS, while gland swelling in SS is periodic. Moreover,
salivary function is either normal or improved with the
administration of glucocorticoid in IgG4-DS, while it de-
creases and is not affected by treatment in SS. A further
difference is marked elevation of serum IgG4 level in
IgG4-DS, while SS show a normal serum IgG4 level. As
for anti-SS-A and/or anti-SS-B antibodies, they test
negative in IgG4-DS, but have a high positive rate in SS
patients. Histopathologically prominent infiltration in-
volving IgG4-positive plasmacytes has been observed
using immunostaining in IgG4-DS, while no IgG4-
positive plasmacytes have been seen in SS. Additionally,
no punctate or globular sialectasis have been observed
on sialograms in IgG4-DS, while they are generally ob-
served in SS. Consequently, they considered 1gG4-DS to
be an entity independent of SS, although it is now
known that there are patients who have active disease
but normal serum IgG4 levels [4].

Regarding imaging diagnosis of IgG4-DS, most of the
studies have been case reports, and we could only find a
few which analyzed the effectiveness of the imaging mo-
dality involving >9 cases as follows: two studies on “’Ga
scintigraphy; two on 2-[**F]-fluoro-2-deoxy-D-glucose
positron emission tomography/computed tomography
(FDG-PET/CT); three on sonography; and two on
computed tomography (CT) and magnetic resonance
imaging (MRI). Ishii et al. analyzed 13 cases with IgG4-
related disease (IgG4-RD) including IgG4-DS using ¢’ Ga
scintigraphy, and showed that there was significant accu-
mulation in the lacrimal glands in seven cases and in the
salivary glands in seven cases [5]. In another study, they
also found differences in accumulation patterns of *’Ga
between 27 cases of sarcoidosis and 16 cases of IgG4-RD
[6]. Some authors have analyzed and verified the useful-
ness of FDG-PET/CT for staging and follow-up, and
have demonstrated abnormal *®F-FDG uptake in sites in-
volved with IgG4-RD [7, 8]. Some reports have described
the characteristic sonographic features of the involved
glands, which might be efficient for screening IgG4-DS
[9-11]. Sonography is also a useful imaging modality for
the follow-up of this disease after corticosteroid therapy
[9, 11]. In contrast, CT and MRI have shown enlarged
glands with rather nonspecific findings regarding IgG4-
DS [12, 13]; although in autoimmune pancreatitis (AIP),
one of the IgG4-RD types shows very characteristic find-
ings on both CT and MRI, which has therefore been
adopted as one of the diagnostic criteria for AIP [14].
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Because these studies have involved only one or two im-
aging modalities and comparison among modalities are
not sufficient, it remains unclear as to which modality is
the most efficient in detecting IgG4-DS; the differences
in imaging features between IgG4-DS and SS also re-
main unclear.

The purposes of the present retrospective study were
to analyze the imaging features of IgG4-DS using various
imaging modalities, and to clarify which imaging modal-
ity is the most effective for screening this disease. We
also showed the differences in imaging characteristics
between IgG4-DS and SS.

Methods

Patients

We enrolled 39 patients with IgG4-DS (21 females and
18 males) with a mean age of 59.9 years, between 1999
and 2014. IgG4-DS was serologically and histopatholo-
gically confirmed using the following diagnostic criteria:
persistent symmetrical swelling involving >2 lacrimal and
major salivary glands; an elevated serum level of IgG4
(>135 mg/dl); and infiltration of IgG4-positive plasma cells
(percentage of IgG4-positive cells to IgG-positive cells >40
%) on immunostaining [15]. We also analyzed 51 patients
with SS (47 females and 4 males) with a mean age of 55.6
years, between 2006 and 2013. SS was diagnosed using
both the revised Japanese criteria [16] and the American-
European Consensus Group criteria [17]. Additionally, in
2013, 36 patients suffering from oral carcinoma, but with
normal salivary glands (14 females and 22 males) with
mean age of 63.3 years, were evaluated. This study de-
sign was approved by the Ethics Committee of Kyushu
University, Japan, and written informed consent was
obtained from all of the patients (IRB serial number:
25-287).

Image preparation

We performed sonography on 30 patients with IgG4-DS,
38 with SS and 36 with normal salivary glands. Sono-
graphic images were taken using a diagnostic unit (Logiq 7:
GE Healthcare, Tokyo, Japan) with a center frequency of
12 megahertz (MHz). We extracted B-mode longitudinal
images of both the parotid glands (parallel to the retro-
mandibular plane) and the submandibular glands (parallel
to the submandibular plane) for this study. Because insuffi-
cient Doppler images could be provided for the normal
submandibular glands, we only used B-mode images, al-
though we also recorded in the Doppler mode at the time
of examination for IgG4-DS and SS. FDG-PET/CT was
undertaken in 20 patients with IgG4-DS, 19 with SS and
21 with normal salivary glands. From the superimposed
images, where the standardized uptake value (SUV) was
reflected as graded colors, we extracted images at the par-
otid and submandibular gland level, not including the
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lacrimal gland level. Similarly, CT images at the parotid
and submandibular gland level of 24, 38 and 32 patients
with IgG4-DS, SS and normal salivary glands, respectively
and MRI of 5, 16 and 19 patients with IgG4-DS, SS and
normal salivary glands, respectively, were also extracted for
this study. Regarding MRI, besides plain axial T1- and T2-
weighted images, we also extracted gadolinium-enhanced
T1-weighted images and coronal images of parotid and/or
submandibular glands (if any were present). We did not in-
clude images of the lacrimal glands. The reasons for this
were: 1) we could not undertake sonography of the lacri-
mal glands for safety reasons regarding the eyes; and 2)
when salivary gland tumors were suspected in the patients,
lacrimal glands were often not included in the scanning
range on CT/MRL

Image analysis
Six oral and maxillofacial radiologists (with 2—-26 years of
diagnostic experience) randomly reviewed the arranged
image sets under blinded conditions. The observation
order involved sets of: 1) sonographic images; 2) FDG-
PET/CT images; 3) CT images; and 4) MRI images. Obser-
vations were performed twice with a 3-week interval. Each
observer was required to score the confidence rate for the
- presence of the characteristic imaging findings using a 5-
grade rating system (1-5) in the answer sheet as follows:
when written characteristic imaging findings were defin-
itely present, 5; when written characteristic imaging find-
ings were definitely absent, 1; presence of a swollen gland,
5; and presence of an atrophied gland, 1. After scoring each
finding, diagnosis was made as normal, IgG4-DS or SS,
taking into consideration all of the findings for each case.
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Figure 1 shows the characteristic findings for IgG4-DS
using sonography. They were multiple hypoechoic areas
and a reticular pattern on the parotid and submandibu-
lar glands, and a nodal pattern on the submandibular
glands [9-11]. The characteristic findings for SS were
multiple hypoechoic areas, hyperechoic lines and/or
spots, and a reticular pattern (a mixture of hypoechoic
areas and hyperechoic lines) on both the parotid and
submandibular glands [18, 19]. Obscuration of the gland
configuration was only assessed in the submandibular
glands [19].

On FDG-PET/CT, abnormal '®F-FDG accumulation in
the parotid and submandibular glands was assessed as
one of the characteristic findings of IgG4-DS [7, 8]
(Fig. 2), when the gland exhibited bright warm colors;
red corresponded to an SUV 26, orange corresponded to
an SUV of around 5, and yellow to bright green corre-
sponded to an SUV of around 4. Gland size was also
assessed in the case of both the parotid and subman-
dibular glands.

On CT and MRI (Fig. 2), there are nonspecific findings
regarding IgG4-DS [12, 13]. From the images in the ref-
erences [5, 12, 13] and empirically, we chose parotid and
submandibular gland swelling and superficial enhance-
ment of the parotid glands, and the presence of a
septum-like structure on the submandibular glands as
characteristic CT findings. In relation to characteristic
MRI findings, we only chose gland swelling regarding
IgG4-DS. In contrast, patients with SS exhibit the fol-
lowing characteristics: atrophic parotid and subman-
dibular glands; heterogeneity of gland parenchyma,
which is called a “salt-and-pepper appearance” [20, 21];

Fig. 1 Characteristic findings on sonograms. a Normal parotid gland. b-d Parotid glands of a patient with IgG4-DS. e, f Parotid gland of a patient
with SS. g Normal submandibular gland. h, i Submandibular glands of a patient with 1gG4-DS. j, k Submandibular glands of a patient with SS.
Multiple hypoechoic areas (b-f, i-k), a reticular pattern (b, e, i), and a nodal pattern (h) can be seen. Hyperechoic lines and/or spots can also
observed (b, i-k). IgG4-DS 1gG4-related dacryoadenitis and sialadenitis, SS Sjégren’s syndrome
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MRl magnetic resonance imaging, SS Sjégren’s syndrome

Fig. 2 Characteristic findings on FDG-PET/CT, CT and MRI. a-d FDG-PET/CT, e-h CT and i-m MRI. a, e, i Parotid glands of a patient with |gG4-DS.
b, f, j Submandibular glands of a patient with 1gG4-DS. ¢, g, k, | Parotid glands of a patient with SS. d, h, m Submandibular glands of a patient
with SS. FDG-PET/CT shows abnorrnal DG accumulation in the parotid (a, €) and submandibular glands (b). A patient with 1gG4-DS showing
parotid (e, i) and submandibular gland swelling (f, j), superficial enhancement of the parotid glands (e), and a septum-like structure in the
submandibular glands (f). A patient with SS showing atrophic parotid (g) and submandibular glands (h, m), and a salt-and-pepper appearance
(g, k, I). It also shows dot-like calcifications on CT (g), and small multiple cystic areas on T2-weighted images (). FDG-PET/CT 2—{‘8F]wﬂuoro—2—deoxy—
D-glucose positron emission tomography/computed tomography, CT computed tomography, lgG4-DS 1gG4-related dacryoadenitis and sialadenitis,

2

dot-like calcifications on CT [20]; and small multiple
cystic areas, which show hyperintensity on T2-weighted
images.

Statistical analysis

We calculated the sensitivity, specificity and accuracy
using the following equations: sensitivity for IgG4-DS =
a/(a+d+g), sensitivity for SS = e/(b+e+h), specificity = i/
(c+f+1), accuracy = (a+e+i)/(a+b+c+d+e+f+g+h+i), where
a: number of patients we diagnosed with IgG4-DS and
who actually had 1gG4-DS, b: number of patients we di-
agnosed with 1gG4-DS but who had SS, ¢: number of pa-
tients we diagnosed with 1gG4-DS but who were normal,
d: number of patients we diagnosed with SS but who
had 1gG4-DS, e: number of patients we diagnosed with
SS and who actually had SS, f: number of patients we di-
agnosed with SS but who were normal, g: number of pa-
tients we diagnosed as normal but who had IgG4-DS, h:
number of patients we diagnosed as normal but who
had SS, and i: number of patients we diagnosed as nor-
mal and who were actually normal. We performed the
Bartlett test for the analysis of equal variance. To deter-
mine whether or not there were significant differences
between two given groups among three, we performed

the Steel-Dwass test in case of unequal variance, and the
Tukey-Kramer test in case of equal variance using the
statistical software JMP Pro 11.0 (SAS Institute, Cary,
NC, USA). p values <0.05 were considered significant.
Intra-observer agreement rates between the repeat diag-
noses (diagnosis carried out under blinded conditions
and repeated after 3 weeks) were assessed with kappa
values using 3 grades: 1 or 2, 3, and 4 or 5. Values <0.20
indicated poor agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 good agree-
ment and 0.81-1.00 excellent agreement.

Results

Intra-observer agreement rates between the repeat diag-
noses were very high. Kappa values for selecting the
same diagnosis from normal, IgG4-DS or SS were 0.83
(range, 0.76-0.91) on sonography, 0.69 (range, 0.5-0.90)
on FDG-PET/CT, 0.70 (range, 0.49-0.80) on CT and
0.80 (range, 0.64-0.87) on MRI. Moreover, average
kappa values for each finding were 0.62 for sonography,
0.61 for FDG-PET/CT, 0.51 for CT and 0.54 for MR no
findings showed an inverted order of scores the second
time. Therefore, we have shown the results of the first
diagnosis in the relevant figures.
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Analysis of sonographic findings

Figure 3 shows the results of sonographic analysis. In all
findings, significant differences (p <0.0093) were ob-
served between any two of the three diagnoses. The par-
otid glands of patients with SS mainly exhibited multiple
hypoechoic areas (median score 4) and hyperechoic lines
and/or spots (median score 4) (Fig. 3a and b), while the
reticular pattern in the parotid glands showed overlap
between IgG4-DS (median score 1) and SS (median
score 2) (Fig. 3¢). In the submandibular glands, overlaps
were seen between IgG4-DS and SS regarding the find-
ings of multiple hypoechoic areas (median score 4 for
both IgG4-DS and SS) and hyperechoic lines and/or
spots (median score 3 for IgG4-DS and 4 for SS),
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although significant differences (p = 0.0093, p <0.0001,
respectively) were seen between the two (Fig. 3d and e).
Obscuration of the submandibular gland configuration
was mainly observed in SS (median score 3) (Fig. 3f). In
contrast, 1gG4-DS mainly exhibited reticular and nedal
patterns (median score 5), and separation between IgG4-
DS and the other conditions was especially good con-
cerning the nodal pattern (median score 1 for normal
glands and 2 for SS) (Fig. 3g and h). Intra-observer
agreement rates between the repeat diagnoses were very
high (kappa values, 0.67-0.87), which showed the nodal
pattern could be easily detected.

Each case was diagnosed as normal, IgG4-DS or SS
based on all of the sonographic findings. Sonographic

Hypoechoic areas

Hyperechoic lines/spots

Reticular pattern

1

5
4
3
224
1.

5
| ﬁ
3
2
1

Normal 1gG4-DS Normal

B

Hypoechoic areas

1gG4-DS

Hyperechoic lines/spots

Normal 1gG4-DS B sS

Obscuration of the gland configuration

5
4
3=
2
1

3

w

N

il

Normal 1gG4-DS Normal

Reticular pattern

1gG4-DS

Nodal pattern

Normal 19G4-DS

F

1w p—

5

| B
3

2

1w

|

Ss
5
? |
3
2
1
Ss
sS

Normal 1gG4-DS Normal

dacryoadenitis and sialadenitis, SS Sjégren’s syndrome

1gG4-D8

Fig. 3 Results of sonographic analysis. Values are shown with median and quartile points for a-c the parotid glands and d-h the submandibular
glands. a Multiple hypoechoic areas, b hyperechoic lines and/or spots and c reticular pattern in the parotid glands. d Multiple hypoechoic areas,
e hyperechoic lines and/or spots, f obscuration of the gland configuration, g reticular pattern and h nodal pattern in the submandibular glands.
Multiple hypoechoic areas (a) and hyperechoic lines and/or spots (b) in the parotid glands and obscuration of submandibular gland configuration (f)
were primarily observed in patients with SS. Reticular and nodal patterns observed mainly in patients with 1gG4-DS (g, h). IgG4-DS IgG4-related
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sensitivity for detection of IgG4-DS and of SS, specificity
and accuracy were 0.85, 0.80, 0.84 and 0.83, respectively.

Analysis of FDG-PET/CT findings

FDG-PET/CT involving patients with 1gG4-DS showed a
tendency for abnormal accumulation of '*F-FDG and
swelling of both the parotid (median scores 2 and 4, re-
spectively) and submandibular glands (median scores 5
and 4, respectively) (Fig. 4a—d). Separation between
IgG4-DS and the other conditions was particularly good
regarding the abnormal accumulation of '*F-FDG in the
submandibular glands (median score 2 for normal glands
and 1 for SS) (Fig. 4c). In relation to this finding, signifi-
cant differences were observed between IgG4-DS and SS
(p <0.0001), and between patients with IgG4-DS and
those with normal glands (p <0.0001); however, this
was not seen between patients with normal glands and
SS (p = 0.1180). Intra-observer agreement rates be-
tween the repeat diagnoses were high (kappa values,
0.51-0.89). Regarding all other findings, significant dif-
ferences (p <0.0049) were observed between any two of
three diagnoses.
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Each case was diagnosed as normal, IgG4-DS or SS
based on all of the findings from FDG-PET/CT. The
sensitivity for detection of IgG4-DS and of SS, specificity
and accuracy using FDG-PET/CT were 0.79, 0.59, 0.81
and 0.73, respectively.

Analysis of CT findings

Figure 5 shows the results of CT findings concerning the
parotid glands (Fig. 5a—c), and the submandibular glands
(Fig. 5d and e). Patients with IgG4-DS had large parotid
(median score 4) and submandibular glands (median
score 4) (Fig. 5a and d). Although there were significant
differences between normal glands (parotid glands, me-
dian score 3, p = 0.0255; submandibular glands, median
score 3, p <0.0001), there seemed to be a similar ten-
dency between these two. Conversely, patients with SS
had small parotid (median score 3) and submandibular
glands (median score 2), especially submandibular glands.
Patients with SS had a high score regarding the finding of
a salt-and-pepper appearance and/or dot-like calcification
(median score 4) (Fig. 5b). Regarding this finding, signifi-
cant differences were observed between the other two

Abnormal accumulation
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5 55
4 4
3- 3
2 2
1 1
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dacryoadenitis and sialadenitis, SS Sjogren’s syndrome

Fig. 4 Results of FDG-PET/CT. Values are shown with median and quartile points for a, b the parotid glands and ¢, d the submandibular glands.
a Abnormal accumulation of '®F-FDG in the parotid glands, b size of the parotid glands, ¢ abnormal accumulation of '*F-FDG in the submandibular
glands and d size of the submandibular glands. Abnormal accumulation of 'F-FDG and swelling of the glands in both the parotid and submandibular
glands of a patient with IgG4-DS (a-d). Separation of igG4-DS from the other conditions is especially good regarding the abnormal accumulation of
*E.FDG in the submandibular glands (c), and significant differences can be observed between IgG4-DS and SS (p <0.0001), and between IgG4-DS and
normal glands (p <0.0001). FDG-PET/CT 2-[*¥F-flucro-2-deoxy-D-glucose positron emission tomography/computed tomography, igG4-DS IgG4-related

Normal

D

1gG4-DS SS
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Fig. 5 Results of CT. Values are shown with median and quartile points for a-c the parotid glands and d, e the submandibular glands. a Size of
the parotid glands, b salt-and-pepper appearance and/or dot-like calcification in the parotid glands, ¢ superficial enhancement of the parotid
glands, d size of the submandibular glands and e septum-like structure in the submandibular glands. Patient with IgG4-DS exhibiting large
parotid and submandibular glands @, d). SS shows a high score in the finding of a salt-and-pepper appearance and/or dot-like calcification (b).
CT computed tomography, lgG4-DS IgG4-related dacryoadenitis and sialadenitis, SS Sjogren’s syndrome

conditions (median score 2 for both normal glands and
1gG4-DS) (p <0.0001), although this was not the case for
between patients with normal glands and IgG4-DS (p =
0.7945). Superficial enhancement of the parotid glands
(median score 2 for IgG4-DS) (Fig. 5¢) and the presence of
a septum-like structure in the submandibular glands
(median score 2 for 1gG4-DS) (Fig. 5e), which we consid-
ered were some of the characteristic findings of IgG4-DS,
showed significant differences between the other two con-
ditions (p <=0.0316); however, overlap was also observed
and separation was not so good.

Each case was diagnosed as normal, IgG4-DS or SS
based on all of the findings from CT. The sensitivity for
detection of 1gG4-DS and of SS, specificity and accuracy
by CT were 0.64, 0.73, 0.70 and 0.70, respectively.

Analysis of MRI findings

Figure 6 shows the results of MRI evaluation of the par-
otid glands (Fig. 6a—c), and the submandibular glands
(Fig. 6d). Patients with IgG4-DS had large parotid
(median score 4) and submandibular glands (median
score 5) (Fig. 6a and d). These findings differed signifi-
cantly between the other two conditions for both the
parotid and submandibular glands (p <0.0001). Con-
versely, patients with SS had small parotid (median score
3) and submandibular glands (median score 2), especially
submandibular glands; there was a very clear separation

between the other two conditions. Patients with SS had
a high score regarding the finding of a salt-and-pepper
appearance and/or multiple cystic areas in the parotid
glands (median score 4.5) (Fig. 6b); there was also a very
clear separation between the other two conditions
(median score 1.5 for normal glands and 2 for IgG4-DS).
Intra-observer agreement rates between the repeat diag-
noses were high (kappa values, 0.54-0.79) regarding
this finding. In relation to this finding, significant dif-
ferences were observed between the other two condi-
tions (p <0.0001), although a significant difference was
not seen between patients with normal glands and IgG4-
DS (p = 0.4163). Fatty degeneration in the parotid glands,
which we considered to be one of the characteristic find-
ings of SS, showed significant differences between the
other two conditions (p <=0.0061); however, overlap was
also observed and separation was not so good.

Each case was diagnosed as normal, IgG4-DS or SS
based on all of the findings. The sensitivity for detection
of IgG4-DS and of SS, specificity and accuracy using
MRI were 0.80, 0.67, 0.81 and 0.76, respectively.

Comparison of the four imaging modalities

Figure 7 shows the sensitivity, specificity and accuracy of
the four imaging modalities; sonography showed the
highest levels. Regarding the sensitivity of IgG4-DS,
there were significant differences between CT and the
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lgG4-related dacryoadenitis and sialadenitis, MRl magnetic resonance imaging, SS Sjogren’s syndrome

—288—




Shimizu et al. Arthritis Research & Therapy (2015) 17:223

other three modalities (p <0.001). Concerning the sensi-
tivity of SS, there were significant differences between
sonography and FDG-PET/CT (p = 0.0004) and between
CT and FDG-PET/CT (p = 0.0180). In relation to speci-
ficity, there were significant differences between sonog-
raphy and CT (p = 0.0463). Regarding the accuracy,
there were significant differences between sonography
and CT (p = 0.0001) and between sonography and FDG-
PET/CT (p = 0.0058); however, there were no significant
differences between sonography and MRI (p = 0.0796).

Discussion

For screening IgG4-DS, the nodal pattern of the sub-
mandibular glands on sonograms and the abnormal ac-
cumulation of F-FDG in the submandibular glands on
FDG-PET/CT were very effective. However, the effective
findings regarding the screening of SS were a salt-and-
pepper appearance and/or multiple cystic areas in the
parotid glands on MRI. Taking into consideration high
sensitivity for both IgG4-DS and SS, and high specificity
in addition to high accuracy, the most effective imaging
modality was sonography.

We did not include images of the lacrimal glands.
Even if they were included, we could detect the affected
lacrimal glands as a nodal pattern on sonograms, as ab-
normal ®F-FDG accumulation on FDG-PET/CT, and as
abnormal swelling on CT and MRI. Consequently, the
abnormal findings of images of the lacrimal glands
would raise the accuracy of all modalities equally, and
the effectiveness of each modality would not change
appreciably.

Sonography

Sonography provided useful information regarding the
screening of 1gG4-DS. The nodal and reticular patterns,
often with normal parenchyma surrounding the affected
region and located bilaterally, were easily detected in the
submandibular glands even by inexperienced observers.
When the sublingual glands are affected, they also show
a nodal and/or reticular pattern on sonograms (data not
shown); therefore, it would be easier to make an accur-
ate diagnosis. Using sonography, not only IgG4-DS but
also SS can be detected. Multiple hypoechoic areas and
hyperechoic lines and/or spots in the parotid glands
achieved high scores. These findings might be mis-
leading, because IgG4-DS sometimes exhibits similar
findings. However, hypoechoic areas of IgG4-DS were
observed in the normal parotid parenchyma without a
reduction in the echo intensity level and heterogeneity.
Moreover, 1gG4-DS mainly affects the submandibular
glands, and most of the cases present with normal par-
otid glands [9]. Conversely, SS shows atrophic changes
in both the parotid and submandibular glands. There-
fore, the combination of parotid and submandibular
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gland findings could lead to accurate diagnosis. In the
present study we only analyzed B-mode sonograms. If
Doppler images are added, it can make differentiation
between IgG4-DS and SS much easier. The nodal and
reticular patterns of IgG4-DS show high vascularity [9],
while SS exhibits small dot-like vascularity in the parotid
glands [22]. When the IgG4-DS patients had shown sub-
mandibular gland swelling and salivary gland tumors
had been suspected, sonography revealed nodal and/or
reticular changes on both sides, and tumorous lesions
were easily ruled out.

FDG-PET/CT

FDG-PET/CT showed abnormal *F-FDG accumulation
in the glands affected with IgG4-DS. However, this im-
aging modality could not differentiate between normal
glands and SS. Patients with SS do not undergo FDG-
PET/CT, unless they have other malignant diseases. Qur
cases involving FDG-PET/CT were patients with SS who
were partly suspected of having malignant lymphoma.
When patients actually had lymphoma, the SUV was
high and we could not differentiate the disease from
1gG4-DS. Conversely, very severe SS with atrophic sub-
mandibular glands exhibited a very low SUV both in the
parotid and submandibular glands. In contrast, SS pa-
tients in the lower stages (their sialography showed
punctuate or globular patterns) had a rather high SUV
(SUV; 3-4). This finding was in accordance with a re-
port by Cohen et al. [23]. Normal salivary, sublingual,
submandibular and parotid glands sometimes show high
SUVs. Because Nakamoto et al. have reported that the
intensity of '®F-FDG uptake in the salivary glands is vari-
able [24], we need to carefully differentiate IgG4-DS
from normal variances.

CT and MRI

Nodal changes in 1gG4-DS detected using sonography
were not clearly observed on CT or MRI In some cases
CT and MRI displayed superficial enhancement in the
parotid glands of IgG4-DS. However, unspecific swelling
of the parotid and submandibular glands was observed
in general. Most of the patients with normal salivary
glands, that were large in size, were misdiagnosed as
IgG4-DS. Some of our cases showed slightly low signal
intensity on T2-weighted images on MR]; however, they
were not significant. These results were not in accord-
ance with the very low signal intensity on T2-weighted
images [12, 13]. This may be because of the limited
number of our MRI of the IgG4-DS patients. Diffusion-
weighted images might differentiate nodal changes re-
garding IgG4-DS more clearly. SS, however, showed a
characteristic salt-and-pepper appearance on CT and
MRI. When this appearance was not pronounced, inex-
perienced observers could not detect it on CT.
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Two things are important in diagnosing IgG4-DS. The
first is to differentiate malignant lymphoma. Malignant
lymphoma sometimes affects salivary glands, and can
appear in bilateral glands, which mimic IgG4-DS [25].
To make a final diagnosis, biopsy is recommended. Sec-
ond, IgG4-DS does not always occur simultaneously in
both the lacrimal and salivary glands. Even if the find-
ings are indefinite at the time of examination, follow-up
is necessary when 1gG4-DS is suspected.

Conclusions

Changes in the submandibular glands affected by IgG4-
DS, which often occur bilaterally, could be easily detected
using sonography as a result of characteristic bilateral
nodal/reticular changes and by FDG-PET/CT because of
abnormal ®*F-FDG accumulation. Even inexperienced ob-
servers could detect these findings. In addition to IgG4-
DS, sonography could also differentiate SS. Therefore, we
recommend sonography as a modality for the screening of
IgG4-DS, because it is easy to use, does not involve radi-
ation exposure and is an effective imaging modality.
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Abstract

Objectives. 2-[18F]-fluoro-2-deoxy-D-glucose-positron emission tomography/computed to-
mography (FDG-PET/CT) was reported to be useful for monitoring immunoglobulin G4-related
disease (IgG4-RD); however, a quantitative FDG-PET/CT analysis such as total lesion glycolysis
(TLG) has not yet been conducted. This study aimed to investigate whether TLG would correlate
with serum markers in IgG4-RD, and the utility of TLG for disease monitoring.

Methods. This retrospective study included 17 patients (12 men; median age, 62 years) who were
followed up at Kyoto University Hospital and underwent FDG-PET/CT from April 2009 to Novem-
ber 2013.TLG was calculated for the involved lesions. Correlations between serum markers [lgG4,
soluble IL-2 receptor (sIL-2R), lactate dehydrogenase (LDH), and C-reactive protein (CRP)] and TLG
concomitant with FDG-PET/CT scans were investigated. Serial changes in TLG were assessed in
patients who underwent follow-up FDG-PET/CT (n = 6).

Results. The calculated median (IQL) TLG value was 154.8 (63.7-324.4). A significant correlation
was found between the siL-2R level and TLG (P =0.001, rs = 0.763). In contrast, no correlations
were found between the igG4, LDH, or CRP levels and TLG. Increased or decreased TLG corre-
sponded with clinical disease improvement or worsening.

Conclusions. TLG correlated significantly with the serum sIL-2R level and may be useful for disease
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monitoring in 1gG4-RD.

introduction

Immunoglobulin G4-related disease (IgG4-RD) is a multiorgan
disease that is histologically characterized by the marked infil-
tration of IgG4-positive plasma cells into affected organs and
elevated serum IgG4 levels [1,2]. Commonly affected sites include
the pancreas (autoimmune pancreatitis), salivary glands (Mikulicz
disease), retroperitoneal space (retroperitoneal fibrosis), lymph
nodes, and lungs [3]. To date, there are no established clinical
indices for evaluating IgG4-RD activity [4].
2-[18F]-fluoro-2-deoxy-D-glucose-positron emission tomogra-
phy/computed tomography (FDG-PET/CT) is a commonly used
diagnostic tool for malignant diseases. FDG-PET/CT has been
reported to be useful for lesion detection and disease activity eval-
uations in IgG4-RD cases [4,5]. A major advantage of FDG-PET/
CT is that it provides quantitative data regarding lesion metabolic
activity on a whole-body scale [S]. Total lesion glycolysis (TLG)
is a recently proposed FDG uptake parameter; this parameter is
calculated as the mean standardized uptake value (SUVmean) X
the metabolic tumor volume (MTV). TLG reflects the total FDG
uptake in the lesion, and a summation of TLG value from each

Correspondence to: Tomohiro Handa, MD, PhD, Department of
Respiratory Medicine Graduate School of Medicine, Kyoto University,
54 Shogoin Kawaharacho, Sakyo-ku, Kyoto 606-8507. Tel: + 81-75-751-
3830. Fax: + 81-75-751-4643. E-mail: hanta@kuhp.kyoto-u.ac.jp

lesion can indicate global metabolic disease activity in patients
with multiorgan disorder [6]. However, there is no paper that inves-
tigated TLG in IgG4-RD; therefore, it is unknown in I1gG4-RD
patients whether TLG correlates serum markers of inflammations
and whether serial change of TLG coincides with clinical course.

In the present study, to evaluate the utility of TLG for assess-
ing IgG4-RD activity, we calculated the TLG values of IgG4-RD
patients and determined whether these values correlated with
serum levels of inflammatory biomarkers. Additionally, we
compared changes in TLG with clinical courses of patients who
underwent serial FDG-PET/CT studies.

Materials and methods
Study subjects

This retrospective study included 17 patients (12 men and 5
women) who were diagnosed with definite IgG4-RD at Kyoto
University Hospital and underwent FDG-PET/CT before the
initiation of immunosuppressive therapy during the period from
April 2009 to November 2013. Seven of these cases were recur-
rent for which corticosteroid or immunosuppressive therapy had
not been administered within 6 months prior to the FDG-PET/
CT scan. The diagnoses were based on the criteria proposed by
Umehara et al. [1]. Only the definite cases were included
which fulfilled all of the following criteria: characteristic lesion
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distribution, an elevated serum IgG4 level (> 135 mg/dL), and
histopathological findings compatible with IgG4-RD. The median
(interquartile) age at the first test was 62 (range, 58 — 73) years.
Patients initially underwent FDG-PET/CT because of suspected
malignant disease (e.g., malignant lymphoma) and were ultimately
diagnosed with IgG4-RD. Patients were excluded from study if
FDG-PET/CT had been performed at an institute other than Kyoto
University Hospital, or if corticosteroid or another immunosup-
pressive therapy had been administered at the time of the initial
FDG-PET/CT scan. Patients with active malignant diseases were
excluded; however, three cases with histories of malignancies
within 5 years prior to FDG-PET/CT (thyroid cancer, colon can-
cer, and double lung and breast cancer) were included because in
each case, radical treatment had been performed and malignant
recurrence had been clinically excluded.

Twelve patients were symptomatic, and salivary gland swelling
and hydronephrosis-related symptoms such as abdominal pain were
comparatively common, whereas five cases did not complain of any
symptoms. Comorbidities included diabetes mellitus in three cases,
bronchial asthma in two and Grave’s disease in two; in all cases the
comorbid diseases were well controlled. The number of involved
organs varied with a maximum of eight affected organs. Thirteen
patients received corticosteroid therapy at a median (interquartile)
dose of 35 (31.3 —36) mg/day upon conversion to prednisolone.
Patient characteristics are summarized in Table 1.

The Kyoto University Hospital Institutional Review Board
approved this study (E201).

FDG-PET/CT imaging

PET/CT scan was performed on a combined PET/CT scanner
(Discovery ST Elite; GE Healthcare, Little Chalfont, UK). Patients
fasted for at least 4 h before the study and after the plasma glucose
level was confirmed to be <150 mg/dL, each patient received an
intravenous administration of a standard dose of 3.7MBg/kg of
FDG. Approximately 60 min after the injection, a low-dose CT

Table 1. Patient characteristics.

All patients, N=17

12/5
66 (57-73)

Sex, male/female
Age, years
Symptoms
Symptomatic* 1
Hydronephrosis-related symptoms
Salivary gland swelling
Exophthalmos
Dry mouth or dry eye
Asymptomatic
Comorbidities
Hypertension
Diabetes
Asthma
Grave’s disease
Angina pectoris
Number of involved organs
1
2
3
4
5=
Serum IgG, mg/dl 2179 (1820-2761)
Serum IgE, mg/dl 740 (400-1100)
Corticosteroid therapy 13
Initial corticosteroid dose, mg/day 35 (32.3-36)

DN WL LR WD N

N B Wb

Values are presented as medians (interquartile ranges) or numbers.

MTYV metabolic tumor volume, 7LG total lesion glycolysis, sIL-2R soluble
interleukin- 2 receptor, /gG4 immunoglobulin G4.

*One patient complained of abdominal pain due to hydronephrosis as well
as dry mouth and was counted separately.
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scan and successive PET scan covering the levels from the upper
thigh to the skull was performed while the patient maintained
shallow breathing. In this PET/CT scan system, CT and PET
images were coregistered and the CT data were used for attenuation
correction. These images were reconstructed using the VUE Point
Plus 3-dimensional iterative reconstruction algorithm.

Image interpretation

All images were reviewed for consensus by two observers (one
nuclear medicine physician and one pulmonary physician). FDG
accumulation was assessed on a workstation (Advantage Worksta-
tion, GE Healthcare) by calculating the standardized uptake value
(SUV) in the regions of interest. SUV was calculated using the
following formula: SUV = Cdc/(Di/W), where Cdc is the decay-
corrected tracer tissue concentration (in Bqg/g); Di is the injected
dose (in Bq); and W is the patient’s body weight (in g). Abnormal
FDG uptake was identified based on a visual comparison of FDG
uptake between the background organ and target site. All sites
with abnormal FDG uptake were considered approximate foci of
IgG4-RD lesions, although pathological analysis was not avail-
able for all sites. Next, we manually drew a 3D cuboid contour
surrounding the abnormal uptake site. Within this contour, the
voxels with SUV equal to or greater than the cut-off value were
automatically extracted and defined as the optimal lesion border
(Figure 1). In the present study, the cut-off value was fixed at 2.5 in
accordance with previous reports [7-10]. The lesion volume was
calculated as the metabolic tumor volume (MTV). The average
SUYV in the lesion was defined as the SUVmean, and TLG was
calculated as the product of SUVmean and MTV [6]. After calcu-
lating the TLG of all affected lesions, we summed the TLG of each
lesion to generate a final TLG score for each patient.
Furthermore, as FDG is excreted into the urine, kidneys or uri-
nary ducts show a physiologically high uptake of FDG; therefore,
we considered that the physiological uptake of FDG in urine was
inevitably included when evaluating kidney lesions. To account
for this, two observers carefully excluded the urinary tract or a
healthy area of kidney by the visual assessment based on a CT
scan. Moreover, to minimize the influence of physiological urine
uptake, we subtracted the FDG uptake of urine from that of each
lesion. SUVmax of the lesions other than those of the kidney did
not exceed 10.0 in the present study; therefore, we defined the areas
with SUV > 10 as urine uptake. Finally, we calculated the TLG of

Figure 1. TLG measurement in a 47-year-old male with a salivary gland
lesion. Sample coronal (A) and axial (B) PET images with quantitative
parameters from a workstation are shown. Within the three-dimensional
cuboid contour surrounding the right submandibular gland, voxels equal
to or greater than the cut-off value (2.5) were automatically extracted. In
this lesion, the maximum SUVmax, MTV, and TLG were 3.2, 6.5, and
18.1, respectively.
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the area with an SUV > 10.0 within the contour and subtracted
this from the TLG of the area with an SUV > 2.5. In addition, to
completely exclude the influence of physiological urine excretion,
we also performed sub-analysis in patients without renal lesions.
In this study, a maximum value of SUV within the region (SUV-
max) of all affected organs was also assessed. When SUVmax was
below 2.5, it was recorded as <2.5. Owing to the methodologi-
cal limitation, physiological excretion in the urine may influence
SUVmax more strongly than TLG. Therefore, patients with kidney
lesions were excluded when SUVmax was used in this analysis.

Laboratory data

Laboratory data were obtained from the medical records. The
serum C-reactive protein (CRP), lactate dehydrogenase (LDH),
soluble IL-2 receptor (sIL-2R), and IgG4 concentrations were
included if the evaluations had been conducted within 2 months
before FDG-PET/CT. Laboratory evaluations after FDG-PET/CT
were allowed for those who did not receive treatment. Next, corre-
lations between initial TLG or SUVmax values and serum markers
were investigated in all patients.

All serum CRP and LDH tests were performed within 1 month
before or after FDG-PET/CT. For sIL-2R and IgG4, 13 and 11
tests were performed within 1 month before or after FDG-PET/
CT, respectively. Three and two cases lacked sIL-2R and IgG4
data, respectively.

Follow-up study

Among patients who underwent a follow-up FDG-PET/CT study,
serial changes in TLG between initial and follow-up studies were
evaluated and increasing or decreasing trends were assessed. Next,
an assessment of each patient’s course of global disease activity
course was made from the 2 physicians’ consensus. The course of
disease activity was assessed based on image findings other than
FDG-PET/CT, patients’ symptoms, and physical finding [11]. The
temporal change regarding each parameter was classified accord-
ing to a three-grade system (improved, no change, or worsened),
and the global disease course was determined by considering each
temporal change. In brief, when classification of each parameter
matched, the global disease course was judged according to that
specific classification. When a conflicting case existed (such as a
case when some parameters both improved and worsened), it was
agreed that a decision would be made according to the most sig-
nificant finding judged by each observer; however, no such case
occurred within this study. We investigated whether the trend in
serial TLG change and SUVmax change coincided with the global
activity course.

Statistical analysis

Statistical analyses were performed using modified R software
programs (The R Foundation for Statistical Computing, Perugia,
Italy) as described previously [12,13]. Continuous data were
presented as medians with interquartile ranges (IQR). The
Spearman rank correlation coefficient test was used to analyze
correlations between TLG and serum markers. A P-value of <0.05
was considered statistically significant.

Results
Organs with abnormal FDG uptake

Organs with abnormal FDG uptake are listed in Table 2. Most affected
organs exhibited positive FDG uptake, while there was no area with an
SUV >2.5 in any normal organ except for the kidney and intraorbital

IgG4-related disease activity marker 3

Table 2. Organs with abnormal FDG uptake.

*

Organs with abnormal FDG uptake

=

Lacrimal gland

Intraorbital space

Salivary gland
Pharyngolarynx
Supraclavicular lymph nodes
Hilar/mediastinal lymph nodes
Lung

Pancreas

Kidney

Thoracic aorta

Abdominal aorta
Retroperitoneal fibrosis
Prostate

(_nu-—-uu:_-toaw—-\ow»—

*We counted multiple lesions within in a single organ as an one-organ
lesion.

space (likely due to the physiological uptake of urine or external ocu-
lar muscles, respectively). Among these organs, the hilar and medi-
astinal lymph nodes were the most commonly affected, followed by
the salivary glands. In contrast, three suspected lesions did not show
abnormal FDG uptake. Two of these were typical of IgG4-RD lung
involvement (one was a ground-glass opacity with interlobular septum
thickening and reticular shadow and the other was a peribronchovas-
cular infiltrative shadow with ill-defined nodules), and the third was a
space-occupying pancreatic lesion with a 5-mm diameter that was
identified by abdominal echography. Pathological examinations were
not conducted for these three lesions.

Quantitative analysis of FDG-PET/CT and serum markers

Quantitative analyses of the FDG-PET/CT and serum biomarker
data are summarized in Table 3. The median MTV was 51.4 mL
(20.2-92.5 mL) and TLG was 154.8 (63.7-324.4). The serum CRP
(median: 0.2 mg/dL, IQR: 0.1-0.5 mg/dL) and LDH (median: 170
IU/L, IQR: 157-192 TU/L) levels were normal or slightly elevated
in a majority of the cases. In contrast, elevated sIL2-R (median:
871.5 U/mL, IQR: 652.5 — 1337.5 U/mL) and IgG4 (median: 736
mg/dL, IQR: 539-1150 mg/dL) levels were observed.

Correlations between TLG and serum markers

Among the serum markers investigated in the present study,
sIL-2R levels were found to significantly, positively correlate with
TLG (P =0.001, rs =0.763) and SUVmax (P = 0.018, rs = 0.723).
CRP (P=0.913, 1s=10.029), LDH (P = 0.444, rs = — 0.199), and
I1gG4 (P =0.192, rs = 0.357) levels did not significantly correlate
with either TLG or SUVmax (Figure 2, Supplementary Figure 1 to
be found online at http://informahealthcare.com/doi/abs/10.3109/
14397595.2014.990674). Even when the two cases with the high-
est TLG were excluded from the analysis, the correlation between
sIL-2R and TLG was still significant (P = 0.030, rs = 0.623).

Table 3. Summary of quantitative data.

Parameters
MTV (ml) 51.4 (20.2-92.5)
TLG 154.8 (63.7-324.4)
Biomarkers
CRP (mg/dl) 0.2 (0.1-0.5)
LDH (IUn) 170 (157-192)
sIL-2R (U/ml) 871.5 (652.5-1337.5)
IgG4 (mg/dl) 736 (539-1150)

Values are presented as medians (interquartile ranges).
MTYV metabolic tumor volume, TLG total lesion glycolysis, s/L-2R soluble
interleukin-2 receptor, IgG4 immunoglobulin G4.
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We also performed the same analysis in patients without kidney
lesions (n = 15). In this analysis, sIL-2R levels also correlated sig-
nificantly with TLG (P = 0.020, rs = 0.717), whereas those of the
other markers did not (Supplementary Figure 2 to be found online
at http://informahealthcare.com/doi/abs/10.3109/14397595.2014.
990674).

Serial changes in TLG or SUVmax coincident with the clinical
course

Follow-up studies were performed in six patients in whom serial
changes in TLG FDG-PET/CT were assessed (Table 4 and Supple-
mentary Table 1 to be found online at http://informahealthcare.com/
doi/abs/10.3109/14397595.2014.990674). Among these, three cases
had received corticosteroid therapy and the others were followed up
without therapy. Although intervals between the initial and follow-up
studies were not uniform, reductions in TLG were observed in all
cases that had received steroid therapy. In contrast, two of the three
patients who did not receive steroid therapy showed increases in TLG.
When comparing the trends in serial TLG changes with the global
disease activity courses, all cases with decreased TLG were consid-
ered to have achieved improved global disease activity, whereas all

Table 4. Serial change of TLG in clinical course.

cases with increased TLLG were considered to have worsened. On the
other hand, in two out of the five patients assessed, the course of
SUVmax was not associated with the clinical course.

Discussion

In this study, we demonstrated that serum sIL-2R levels correlated
significantly and positively with TLG. However, no other serum
marker levels, including IgG4, correlated significantly with TLG.
Serial changes in TLG paralleled clinical disease improvement or
worsening. These results indicated the utility of TLG as a marker
with which to monitor IgG4-RD activity. To the best of our knowl-
edge, this was the first report to investigate the significance of TLG
in IgG4-RD.

In IgG4-RD, although the symptoms are usually mild [14] and
resolution is sometimes obtained naturally, as seen in the pres-
ent study, adequately timed and intense treatment is needed to
prevent the irreversible progression of fibrosis [15]. Therefore,
evaluations of disease activity are important. However, IgG4-RD
affects various organs; therefore, it is difficult to establish an
integrated measurement that can evaluate severities of lesions in
different organs. To date, several scoring systems have been pro-

Treatment (+)

Treatment (—)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Age 66 73 77 73 54 53
Gender Male Male Female Male Male Female
Affected Organs Kidney RF oC oC RF Lung

Pancreas SG Lung HMLN Pancreas

HMLN HMLN

Test interval (month) 27 1 12 22 18 22
Initial dose of corticosteroid®* 40 35 30 None None None
Initial TLG 86.5 154.8 3244 11.9 108.7 0.0
Initial SUVmax NA 59 8.9 4.6 10.0 <25
Follow-up TLG 66.9 8.0 157.6 10.6 591.5 16.8
Follow-up SUVmax NA 3.0 52 4.9 5.0 3.2
Course of global activity Improved  Improved  Improved  Improved  Worsened  Worsened

TLG total lesion glycolysis, RF retroperitoneal fibrosis, SG salivary glands, HMLN hilar and mediastinal lymph

nodes, OC ocular cavity

Treatment (+) or (—) indicates whether corticosteroid therapy was initiated or not.
*Recorded when corticosteroid therapy was initiated during the period between initial and follow-up FDG-PET/
CT. The corticosteroid dose was adjusted for prednisolone.
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posed as tools for evaluating the global disease activity [11,16],
but these systems have not been sufficiently established. More-
over, serum IgG4 level was included in the scoring, but in the
present study, most of the cases did not undergo follow-up serum
IgG4 measurements; therefore, the scoring systems were consid-
ered inapplicable. Accordingly, a physician’s global assessment
was used as a tool for evaluating changes in the disease activity
[11,17].

FDG uptake is increased at sites of inflammation [18]. Elevated
FDG uptake usually reflects more abundant glucose consumption,
thereby indicating accelerated proliferation and increased metabo-
lism [18-20]. Therefore, the degree of FDG uptake is considered to
provide information about disease activity [21]. Actually, in some
inflammatory diseases such as rheumatoid arthritis or Takayasu
aortitis, FDG-PET was reported to have a diagnostic value and
function effectively in evaluating treatment response [22-24].

Ebbo et al. performed a qualitative analysis of the FDG-PET/
CT scans of IgG4-RD patients. The authors showed increased
FDG uptake at the sites of affected lesions and reduced uptake
after clinical remission was achieved [4]. Based on these results,
they concluded that the FDG-PET/CT findings correlated with
the disease activity. However, to date there have been no reports
about the quantitative evaluation of FDG-PET/CT for IgG4-RD;
therefore, we investigated the clinical significance of TLG in
IgG4-RD.

SUVmax is a common and widely used quantitative analysis
parameter of PET. This parameter is easily obtained, reproduc-
ible, and reader-independent, but it can be influenced by sta-
tistical noise. In addition, IgG4-RD patients are likely to have
multiple organ involvement and thus multiple lesions. Because
TLG is calculated as a summation of SUV of involved areas,
we adopted and analyzed TLG as a quantitative value in this
investigation.

Regarding the serum biomarkers, we demonstrated in the pres-
ent study that serum sIL-2R levels strongly correlated with TLG.
Although the precise biological role of sIL-2R remains unclear,
the serum level of this receptor is considered as an indicator of
lymphocyte activation [25] and elevated sIL-2R levels have been
reported in several inflammatory diseases such as sarcoidosis [26]
and systemic lupus erythematosus [25]. Moreover, elevated serum
sIL-2R levels can predict sarcoidosis relapse after therapy [27].
Furthermore, in IgG4-RD, IL-2 is considered to have an important
role in lymphocyte activation [28]. Matsubayashi et al. reported
elevated serum sIL-2R levels in autoimmune pancreatitis patients
and significant reductions in the level of this marker after corticos-
teroid therapy [29]. Autoimmune pancreatitis is now considered
as a pancreatic manifestation of IgG4-RD [1]; therefore, sIL-2R
might act as a biomarker of disease activity in IgG4-RD patients.
The correlation between TLG and sIL-2R might thus indicate the
utility of TLG as a biomarker in 1gG4-RD.

In the previous studies, IgG4 is the most intensively investi-
gated biomarker, and its serial changes in its levels were regarded
as indicative of treatment responses or reactivation [30]. However,
in the present study, IgG4 did not correlate significantly with TLG.
The pathophysiological role of IgG4 remains unclear; however,
IgG4 secretion is currently believed to occur in response to IL-10
stimulation, which acts to suppress immune responses [31]. There-
fore, IgG4 may not directly reflect the intensity of inflammation.
This indirect relationship might result in lack of correlation with
TLG, although this idea is speculative.

In the analysis of serial FDG-PET/CT studies, all patients who
exhibited decreases in TLG showed clinical improvement. On the
contrary, two cases with increased TLG exhibited clinical dete-
rioration. This result agreed with the above-described qualitative
study [4], and suggested the utility of TLG as a parameter with
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which to monitor disease activity. On the other hand, in two cases
the course of SUVmax was not associated with clinical course
(Table 4). In these cases (Case 4 and 5), ocular movement and
urinary tract obstruction improved or worsened in parallel with
the change in TLG. We assume that the lesion volume might
directly affect the function of these organs. In addition, after the
treatment, case 2 showed a marked reduction in volume of the
affected areas in parallel with TLG (from 154.8 to 8.0), whereas
SUVmax showed just a moderate decrease (from 5.9 to 3.0); thus,
TLG might exhibit a better association with global activity than
SUVmax.

A major disadvantage of FDG-PET/CT is its high cost. There-
fore, frequent and regular use of FDG-PET/CT is not possible in
daily practice. Given the utility of sIL-2R and IgG4 in disease
monitoring, measurement of these biomarkers may be advanta-
geous in terms of cost and convenience compared with FDG-PET/
CT. However, levels of both of these biomarkers might be elevated
non-specifically because of other diseases or conditions [32,33].
Moreover, it is impossible to obtain site-specific information of
activity when multiple lesions exist. In contrast, FDG-PET/CT
can evaluate each organ separately [4]; therefore, it is compara-
tively easier to selectively investigate IgG4-RD lesion activities.
For these reasons, serum biomarker evaluation is beneficial in
daily practice, whereas more detailed FDG-PET/CT and TLG
evaluation is useful as needed. On the other hand, it is still unclear
whether comparing a TLG score in different organs has any clini-
cal significance, because even lesions with a low TLG score could
significantly aggravate patients (for example, intraorbital space
lesions). Given this, further research is needed to better understand
this problem.

This study has several limitations. First, this is a retrospective
study with existing data deficits including the follow-up data of
serum markers. Second, a pathological evaluation was not per-
formed for all estimated lesions; therefore, sites of non-specific
inflammation might have been included as IgG4-RD lesions.
Third, the number of patients who participated in follow-up FDG-
PET/CT studies was small, and intervals between the initial and
follow-up FDG-PET/CT studies were not uniform; therefore, it
was difficult to perform a statistical analysis regarding changes
in TLG. Moreover, given the lack of information about the mini-
mally clinically important difference in TLG, it was difficult to
interpret the significance of a small change in TLG as seen in case
4. Fourth, SUV might be influenced by several factors such as the
serum glucose level or the interval between the FDG injection and
PET emission scan; therefore, the TLG calculations in the present
study might exhibit a certain degree of fluctuation. In addition,
physiological FDG uptake (such as urine) inevitably influenced
TLG values, whereas SUV may show a low level even in the pres-
ence of definite lesions (such as interstitial pneumonia) and such
lesions were omitted from analysis when SUV was below 2.5.
Therefore, in cases where these lesions were present, an accurate
evaluation was challenging. Despite these limitations, the present
study showed a correlation between TLG and the sIL-2R level,
and the serial change of TLG was associated with the clinical
course. These findings indicated the utility of TLG for disease
monitoring in IgG4-RD. In future studies, validations of these
markers using clinically significant outcomes or parameters will
be required.
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1. Background on the preparation of the
diagnostic criteria

IgG4-related disease (IgG4-RD) [1] is a newly recognized
systemic disease characterized by an elevated serum level
of 1gG4, infiltration of IgG4-positive plasma cells into affected
lesions, and fibrosis. In 2011, comprehensive diagnostic
criteria for 1gG4-RD were proposed by the Study Group of
Intractable Diseases from the Ministry of Health, Labor and
Welfare, Japan (MHLW) {2], and these criteria have been
gaining increasing acceptance.

The comprehensive diagnostic criteria {2] are highly con-
venient for diagnosing IgG4-RD and are based on findings
common to multiple organs. However, because the field of

medicine has become increasingly specialized and subdi-
vided, the Study Group at the MHLW has recognized the
need for organ-specific diagnostic criteria focusing on the
specific features of lesions in individual organs; organ-
specific diagnostic criteria for the pancreas, kidney, and other
sites of involvement have already been published [3,4].

Following the release of the comprehensive diagnostic
criteria for IgG4-RD 2011 {2], an attempt was made by the
subcommittee on IgG4-RD supported by the MHLW to prepare
similar diagnostic criteria for lesions arising in the respiratory
organs. The criteria for the respiratory organs were presented
at a symposium at the 54th Annual Meeting of the Japanese
Respiratory Society (2014), where the final diagnostic criteria
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Table 1 - Diagnostic criteria for IgG4-related respiratory
disease.

were prepared after discussion and agreement by all mem-
bers present. In this report, we outline these criteria.

2. Guidelines for IgG4-related respiratory
disease

2.1.  Nomenclature of respiratory tract lesions

At the International Symposium on IgG4-RD held in Boston in
2011, two separate names were adopted for the respiratory
tract lesions of IgG4-related disease: ‘IgG4-related lung dis-
ease’ and ‘IgG4-related pleural disease’ {5]. However, since a
subsequent report that respiratory tract lesions are typically
interstitial lesions [6], the Ministry of Health group decided to
refer to lesions of both the intrathoracic respiratory organs

Table 2 - Diagnostic criteria of IgG4 -related respiratory
disease: appendix for Table 1.

and auxiliary structures collectively as ‘IgG4-related respira-
tory disease (IgG4-RRD)’.

2.2.  The diagnostic criteria for IgG4-RRD

The diagnostic criteria for IgG4-RRD are listed in Table 1.
Some commentary has been added (Table 2) to enhance the
understanding of chest imaging, clinical/laboratory results,
and pathological findings of these diagnostic criteria. An
algorithm has also been prepared to concretely illustrate
the process whereby the diagnosis is reached (Fig. 1).

3. Summary

The diagnostic criteria of IgG4-RRD are outlined. We hope for
further consideration and acceptance of the criteria.
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