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Abstract
Objective
To investigate the utility of "SF-FDG PET/CT in the diagnostic procedure of IgG4-related disease (IgG4-RD), we
analysed the association between quantitative method of '8F-FDG PET/CT and histological findings.

Methods

Twenty-one patients with IgG4-RD in whom "*F-FDG PET/CT was performed at the time of diagnosis were enrolled.
Tissue biopsy was performed at 24 sites in 21 patients. To perform quantitative analysis of 'SF-FDG PET/CT imaging,
the highest standardised uptake value (SUV) of the pixels (SUV,,,.) and the average SUV (SUV,,,..) within the biopsied

lesion were measured. The SUV, . of the liver was also measured as a reference.

mean

Results
The mean age at diagnosis was 64.6+11.9 years, and the median serum 1gG4 level was 650 mg/dl. Histological findings
were consistent with IgG4-RD (histopathology-positive) at 19 out of 24 sites. Although there was no significant difference
in the values of SUV, ,_between histopathology-positive and histopathology-negative tissues, the values of SUV, . were

significantly higher in the histopathology-positive tissue (4.98 and 3.54, respectively p<0.05). The values of SUV _ /liver

were also higher in the histopathology-positive tissue (2.17 and 1.52, respectively p<0.05). To establish a cut-off value
of SUV,,,., to determine which of multiple lesions should be biopsied, a ROC curve was constructed. ROC curve
analysis indicated SUV, , =4.07 or SUV /liver=1.66 as a cut-off value.

mean mean’

Conclusions
Our present study suggested that quantitative analysis of 'SF-FDG-PET/CT imaging might be useful for selecting the
biopsy site in IgG4-RD. The calculation of SUV , , not of SUV __, is important for evaluating IgG4-RD-related lesions

mean’ max’

in 8F-FDG PET/CT imaging.
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Introduction

IgG4-related disease (IgG4-RD) is a
systemic fibroinflammatory condition
characterised by IgG4-positive plasma
cell infiltration of the affected organs or
tissue, resulting in organ enlargement
and organ fibrosis (1, 2). The com-
monly affected organs are the lacrimal
glands, salivary glands, periorbital tis-
sue, pancreas, lymph nodes, retrop-
eritoneal tissue, lung, kidney, and skin,
and dysfunctions of these organs are
sometimes a consequence of IgG4-RD
(3, 4). The diagnosis of IgG4-RD is
based on the combination of character-
istic histopathologic, clinical, serolog-
ic, and radiologic findings (5, 6). IgG4-
RD should also be differentiated from
multiorgan disorders that may present
organ enlargement, lymph node swell-
ing, and tumour-like swelling, such as
lymphoproliferative disease and neo-
plastic disease (6, 7).

It is thus important to biopsy the organ
or tissue that is suspected to be affected
by IgG4-RD, not only for diagnostic
but also differential diagnostic purpos-
es. However, until now, little has been
known about the method of selecting
the biopsy site from multiple suspected
lesions. In addition, depending on the
organ involved (e.g. the aorta or pi-
tuitary gland), a biopsy is sometimes a
difficult and invasive procedure. A non-
invasive method that can provide useful
information for selecting a biopsy site
that is suspected of being IgG4-RD-
associated from among the lesions is
therefore needed.
BE-fluoro-deoxyglucose positron emis-
sion tomography/computed tomogra-
phy (8F-FDG PET/CT) is a functional
imaging procedure that is widely used
in the diagnosis, staging, treatment re-
sponse, and relapse monitoring of vari-
ous types of malignancies, including
malignant lymphoma (8, 9). It can be a
valuable tool in the workup of patients
with newly diagnosed IgG4-RD, in par-
ticular for the detection of multiple-or-
gan involvement (10-12). There is also
accumulating evidence that "FFDG
uptake is correlated with the treatment
response (10, 13, 14).

A quantitative analysis of PET param-
eters is an accurate, objective, and re-
producible means of assessing PET im-

ages. The utility of the quantification of
BE-FDG PET/CT for the differential di-
agnosis of patients clinically suspected
of having IgG4-RD had been reported
(15-17). In those studies, the "*F-FDG
uptake was lower in IgG4-RD than in
malignancies (15, 16). However, the
appropriate method of quantifying 'F-
FDG PET/CT may differ by disease,
and a suitable method for use in IgG4-
RD patients remains unknown. An ap-
propriate method for quantification is
needed to identify/investigate the [gG4-
RD-associated lesions among multiple
lesions by using the F-FDG uptake
and a semiquantitative method. Such a
method would contribute to the selec-
tion of a biopsy site for diagnosis. Here,
we evaluated the utility of quantifying
BE-FDG PET/CT in the diagnosis of
IgG4-RD by analysing the relationship
between 8F-FDG PET/CT findings and
histopathologic findings. In addition,
we determined the optimal method for
the quantification of "F-FDG-PET/CT
in IgG4-RD.

Patients and methods

Patients

Patients were recruited from the De-
partment of Immunology and Rheuma-
tology, Nagasaki University Graduate
School of Biomedical Sciences, Isa-
haya General Hospital, and Nagasaki
Medical Center. A total of 21 consecu-
tive patients for whom "*F-FDG PET/
CT was undertaken at the time of di-
agnosis between November 2011 and
July 2018 were enrolled. All patients
fulfilled the comprehensive diagnos-
tic criteria for [gG4-RD?3 and the 2019
American College of Rheumatol-
ogy (ACR)/European League Against
Rheumatism (EULAR) classification
criteria for [gG4-RD (6). The decision
whether to have the patient undergo
BE-FDG PET/CT in order to exclude
other diseases or to evaluate the organ
involvement of IgG4-RD was made by
each patient’s treating physician with
the agreement of the patient.

Tissue biopsies for at least one lesion
with abnormal "F-FDG uptake were
performed in all patients during the di-
agnostic procedure. The patients gave
their informed consent to be subjected
to the protocol, which was approved by
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Fig. 1. "F-FDG-PET imaging results of patients with IgG4-RD obtained with Metavol software.
Upper panel: A fusion image of FDG and CT. The circle (white arrow) indicates the standardised uptake
value (SUV)-measurement region. The colors indicate the level of FDG activity (red areas indicate
high FDG activity). The prostate is showing strong uptake. Lower panel: A CT image of the same area.
SE-FDG-PET '8F-fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography.

the Institutional Review Board (IRB) of
Nagasaki University (IRB approval no.:
17091109).

We retrospectively reviewed the clini-
cal, laboratory, and histopathological
features and findings obtained by '°F-
FDG PET/CT and evaluated the pa-
tients’ clinical courses for 1 year.

Histopathological findings

Tissue biopsy was performed at the
time of diagnosis. According to patho-
logic criteria for diagnosis of IgG4-RD
proposed by the comprehensive diag-
nostic criteria for IgG4-RD and 2019
ACR/EULAR classification criteria for
IgG4-RD (5, 6), we defined tissue that
exhibited the following histopathologi-
cal characteristics as histopathology-
positive tissue: marked lymphocyte and
plasmacytic infiltration with fibrosis,
infiltration of IgG4-positive plasma
cells with the ratio of IgG4+/1gG+
cells >40%, and an elevated number
of IgG4+ plasma cells per high power
field (>10).
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BF-FDG PET/CT imaging

All patients underwent a '8F-FDG PET/
CT scan on a dedicated PET/CT system
(Siemens Biograph mCT, Germany, or
Siemens Biograph 16true point, Ger-
many, or GE Discovery ST, Wiscon-
sin, USA) consisting of a PET scanner
and a 64-row multidetector CT scan-
ner. The patients fasted for more than
5 hours before the intravenous injec-
tion of *F-FDG. ®F-FDG was injected
intravenously at 180-325 MBq. One
hour after the '®F-FDG injection, the
scanning was performed from the mid-
dle of the thigh to the top of the skull.
The CT data were used for calibration
(attenuation correction). *F-FDG up-
take was assessed at the site of major
organ involvement of I[gG4-RD, which
could be differentiated from the normal
uptake of background tissue with '*F-
FDG PET/CT.

Image analysis
For quantitative analysis, PET/CT im-
ages were extracted. We measured

the highest standardised uptake value
(SUV) of the pixels (SUV ) and the
average SUV (SUV ) within the bi-
opsied tissue using Metavol, which is
a dedicated open-source software (Fig.
1) (18). We also measured the SUV ..
of the liver as a reference. We then cal-
culated the ratio between the SUV_
of the biopsied tissue and the SUV

of the liver (SUV___/liver).

mean

mean

Statistical analyses

GraphPad prism software (GraphPad
Software, San Diego, CA) and JMP
Statistical Software (SAS Institute,
Cary, NC) were used for the statistical
analyses. We used the Kolmogorov-
Smirnov test to check the normal dis-
tribution of the data, and an unpaired
Student’s t-test was used to detect
significant differences in the SUV val-
ues. We constructed receiver operating
characteristic (ROC) curves to estab-
lish the cut-off values of SUV . and
SUV_.../liver on which to base biopsy
decisions. Probability (p)-values <0.05
were considered significant.

Results

Baseline characteristics of

the patients and disease course

The patients’ characteristics are sum-
marised in Table I. There were 21 pa-
tients (11 males, 10 females). The
salivary gland and lymph node were
the most commonly affected organs
(71.4%), followed by the lacrimal
gland (28.6%), pancreas (23.8%), ret-
roperitoneum/abdominal aorta (19.0%),
prostate (14.3%), and bile duct (4.8%).
The median level of eosinophils was
250/ul (interquartile range, 183-392);
C-reactive protein (CRP), 0.15 mg/dL
(range, 0.05-0.3); IgE, 196.3 TU/mL
(125.6-1254.6); and IgG4, 650 mg/dL
(223.5-1075). The disease course of 11
patients could be analysed in this study.
After the diagnosis of IgG4-RD, pred-
nisolone treatment was initiated in all
21 patients, and there was no relapse
for 1 year.

Quantitative '8 F-FDG PET/CT

findings and histopathological findings
A tissue biopsy was performed at 24
sites (lymph node 4, submandibular
gland 10, prostate gland 4, pancreas

Clinical and Experimental Rheumatology 2021



2, thyroid gland 1, lung 1, retroperi-
toneum 1, and kidney 1) in the 21 pa-
tients. Among these 24 sites, 19 tis-
sues were histopathology-positive; the
histopathological findings for the other
five tissues were not consistent with the
pathologic criteria for the diagnosis of
IgG4-RD (Table II). These five histo-
pathology-negative tissues were also
not consistent with other diseases such
as malignant lymphoma. Almost all of
these histopathological findings showed
lymphocyte and plasmacytic infiltration
with few or no IgG4-positive cells.

The values of SUV__ and SUV

for each organ and SUV__ /liver are
provided in Table III. The IgG4-RD-
involved organ with the highest SU-
V...x Was the lung, and the lowest was
the retroperitoneum (7.61 and 3.37,
respectively), and the same tendency
was seen in the analysis of the SUV
(6.04 and 3.06, respectively). Howev-
er, in the analysis of the ratio between
the SUV_ .. and SUV__ values of the
liver, the organ that showed the high-
est value was the lymph node, and the
prostate showed the lowest value (2.48
and 1.43, respectively). These results
indicate the superficial organs (lymph
nodes, submandibular organs) showed
higher SUV value and histopathology-
positive rate. There were no significant
differences in the values of SUV__,
SUV,.... and SUV__ /liver among the
organs. The mean values of SUV__,
SUV SUV_./liver in all sites were

mean?® mean

5.26,4.68 and 2.04, respectively.

Comparison between "8 F-FDG

uptake and histopathological findings
We next examined whether the 8F-FDG
uptake was correlated with the histo-
pathological findings. Although there
was no significant difference in the val-
ue of SUV_ _ between histopathology-
positive and histopathology-negative
tissues, the values of SUV__, were sig-
nificantly higher in the histopathology-
positive tissues (Fig. 2). The values of
SUV .../liver were also higher in those
of the histopathology-positive group
as compared to in the histopathology-
negative tissue.

To calculate the cut-off value of SU-
V..., to determine which among mul-

mean

tiple lesions is to be biopsied, we
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Table I. Clinical characteristics of the study population.

Parameters

Age at onset (years)
Female, n (%)

Organ involvement, n (%)
Lacrimal gland

Salivary gland

Lymph node

Pancreas

Bile duct

Prostate
Retroperitoneum/Abdominal aorta
Number of affected organs

Serological features
Eosinophils, (median [IQR])
CRP (mg/dL), (median [IQR])
IgE (IU/mL), (median [IQR])
I1gG4 (mg/dL), (median [IQR])
1gG4/1gG ratio, (median [IQR] )
sIL2R (U/ml), (median [IQR] )

64.6 + 119
10 (47.6)

6 (28.6)
15 (714)
15 (71.4)
5 (23.8)
1 (48)
3 (14.3)
4 (19.0)
36+19

250 [183-392]
0.15 [0.05-0.3]
196.3 [125.6-1254.6]
650 [223.5-1075]
0.24 [0.13-0.42]
801 [465.3-1427.5]

Data are mean +standard deviation (SD) unless otherwise indicated. IQR interquartile range.
CRP: C-reactive protein; IgE: immunoglobulin E; IgG4: immunoglobulin G4; IgG: immunoglobulin G;

sIL2R: soluble interleukin-2 receptor.

Table II. Biopsy sites and histopathological findings.

Biopsy site

Histopathology-positive

Histopathology-negative

Lymph node 4 0
Submandibular gland 9 1
Prostate 2 2
Pancreas 1 1
Thyroid 0 1
Lung 1 0
Retroperitoneum 1 0
Kidney 1 0
Table III. Biopsy sites and the value of standardised uptake value (SUV).

SUV, SUV SUV,.../liver
Lymph node 5.68 +2.39 5.17 £2.07 248 + 1.17
Submandibular gland 594 £ 145 532 +£0.90 227 £ 041
Prostate 3.69 £ 121 326 + 093 143 £ 044
Pancreas 483 £0.23 425 £ 0.61 1.71 £ 0.27
Thyroid 4.39 3.88 1.64
Lung 7.61 6.04 2.05
Retroperitoneum 3.37 3.06 1.47
Kidney 427 3.87 1.92
Total 526 £ 1.71 4.68 £ 1.36 2.04 + 0.65

Data are mean=standard deviation (SD). SUV,
biopsied tissue and the SUV

mean

/liver was the ratio between the SUV

mean’

of the liver. SUV standardised uptake value.

of the

mean

constructed a ROC curve (Fig. 3A).
Curves were drawn for the SUV__, and
SUV ../liver, and the areas under the
curves (AUCs) were 0.81 and 0.82, re-
spectively. According to the ROC curve
analysis, at the best discriminative SU-
V e Cut-off of 4.07, the sensitivity and
specificity were 79.0% and 80.0%, re-
spectively. Moreover, the ROC curve

analysis revealed SUV__ /liver = 1.66

mean

to be the appropriate cut-off value with
sensitivity and specificity of 84.2% and
80.0%, respectively (Fig. 3B).

Discussion

We investigated the relationship be-
tween the value of SUV on "®F-FDG
PET/CT imaging and the histopatho-
logical findings of suspected IgG4-RD-
involved lesions. To avoid unnecessary
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Fig. 2. The difference of the value of standardised uptake value (SUV) within the biopsied tissue.
A: The values of SUV _were no significant difference between histopathology-positive tissues (n=19)

max

and histopathology-negative tissues (n=5).
B: The value of SUV,

mean

C: The value of SUV,

mean’

were significantly higher in histopathology-positive tissues.
/liver were also significantly higher in histopathology-positive tissues.

Values are presented as means+SD. * p<0.05 vs. histopathology-negative tissues.
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Fig. 3. Receiver operating characteristic (ROC) curve for determining which among multiple lesions

is to be biopsied.

A: ROC analysis for SUV
B: ROC analysis for SUV
the curve.

of biopsy lesions.

mean

mean’

/liver of biopsy lesions. SUV standardised uptake value, AUC areas under

biopsies and to select suitable lesions
for biopsy in diseases with multi-organ
involvement such as IgG4-RD, it is
important to determine which lesion is
suspected to be disease-involved by us-
ing a non-invasive test. The results of
our present analyses indicated that the
value of the SUV ., but not the SUV-
naxo Nas good diagnostic performance in
IgG4-RD.

In IgG4-RD, “F-FDG PET/CT has
been reported to be more accurate and
more sensitive for detecting the lesions
associated with IgG4-RD as compared
to other imaging techniques. Zhang et
al. reported '8F-FDG uptake in mul-
tiple organs in 34 of 35 IgG4-RD pa-
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tients, and "®F-FDG PET/CT imaging
was able to detect more organ involve-
ments in 25 of 35 patients as compared
to conventional evaluations including
ultrasonography and conventional CT
(12). Another report revealed that all
21 IgG4-RD patients who underwent
BE-FDG PET/CT presented 'F-FDG
uptake in typical IgG4-RD localisa-
tions, and some of these lesions were
not detected by conventional CT,
magnetic resonance imaging, or ultra-
sound (10). Moreover, the correlation
of disease activity and "F-FDG PET/
CT has also been reported (10, 13, 14).
BE-FDG uptake was seen in all patients
enrolled in our present study, and sev-

eral lesions with F-FDG uptake were
not detected by other imaging modali-
ties (data not shown). Based on these
previous studies, we further analysed
whether the characteristics of the region
of interest (ROI) of ¥F-FDG PET/CT
imaging correlated with true lesions of
IgG4-RD by comparing them with his-
topathology. To analyse the character-
istics of suspected IgG4-RD-involved
lesions, quantitative analysis was per-
formed. Additionally, to identify the
optimal quantitative method for IgG4-
RD, we also performed three methods
of quantitative analysis. The optimal
method for the quantification of PET/
CT imaging might be different de-
pending on the disease. For the differ-
entiation of metastatic lesions of non-
small-cell lung carcinoma from benign
lymph nodes, the SUV_ -lymph node/
SUV .-primary tumour ratio showed
better diagnostic performance as com-
pared to SUV__ -lymph node (19, 20).
Another study showed that the median
SUV was correlated with local recur-
rence of squamous cell carcinoma of
the anal canal but the SUV . was not
correlated with local recurrence (21). In
patients with head-and-neck cancer, the
SUV ... and not the SUV__, was cor-
related with disease-free survival, and
thus the SUV .. seemed to have the
potential to become a prognostic factor
in head-and-neck cancer (22).

Our present study showed that SUV .
and SUV__ /liver were significantly
correlated with biopsy-proven IgG4-RD
involvement, but that SUV ,_ was not
correlated. This is consistent with the
results of other studies. Zhan et al. re-
ported that diffusely elevated '"*F-FDG
uptake in organs should be considered
to be more likely to indicate IgG4-RD
lesions as compared to a patchy/nodule
uptake pattern (12). Diffused and en-
larged tissues/organs are clinicopatho-
logic characteristics of IgG4-RD (23,
24), such as in the following examples:
1) diffuse infiltration of sinonasal mu-
cosa with an IgG4-positive plasmacytic
infiltrate in IgG4-reralted chronic rhi-
nosinusitis; 2) diffusely thickened gas-
tric mucosa on endoscopy in IgG4-re-
lated gastritis; 3) diffusely enlarged sau-
sage-shaped pancreas in autoimmune
pancreatitis (considered to be on the
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IgG4-RD spectrum); 4) homogenous
thyroid grand enlargement in IgG4-re-
lated thyroiditis; and 5) diffuse kidney
enlargement and diffuse immune com-
plex deposition in the tubular basement
membrane in IgG4-relatad kidney dis-
ease. These characteristics are also con-
sistent with our study; namely, the com-
parison of SUV . between tissues with
abundant IgG4-positive plasmacytes
and tissues with few/no IgG4-positive
plasmacytes in our study showed more
significant differences as compared to
the analysis of SUV . SUV __ is the
most commonly used '*F-FDG PET/CT
parameter in daily clinical practice, and
it is often included in imaging reports. It
is simple and quick to measure, but SU-
V... may not represent the status of ROI
in IgG4-RD because its value is taken
from a single voxel. SUV .. within an
ROI is supposed to represent disease
status in [gG4-RD more precisely, as we
found in this study; therefore, we should
calculate SUV . . to identify IgG4-RD
lesions. Furthermore, according to ROC
curve analysis, the AUC using the value

of SUV__ /liver was higher as com-

mean

mean*

pared to that using the value of SUV
This suggested that SUV . was influ-
enced by the individual hepatic metabo-
lism, and SUV___/liver might be more

mean’

preferable.
ROC curve analysis also indicated
SUV, ..=4.07 or SUV, . /liver=1.66

as the cut-off value that discriminated
IgG4-RD-associated lesions. This value
might be useful for selecting appropri-
ate tissue for biopsy among multiple le-
sions that are suspected to be associated
with IgG4-RD by "¥F-FDG uptake or to
determine if an '8F-FDG uptake lesion
on which a biopsy cannot be performed
is an IgG4-RD-associated lesion. How-
ever, this cut-off value should be inter-
preted with caution because the appro-
priate cut-off value might be different
in each organ. For example, the SUVs
in the prostate and pancreas were rel-
atively low in our study, although the
SUV values of those organs have been
reported to be almost the same in nor-
mal subjects as compared to other or-
gans (25, 26). The appropriate cut-off
value for each organ should be identi-
fied by analysing a larger number of
patients in the future.

Clinical and Experimental Rheumatology 2021

Although there is a possibility that the
SUV value is influenced by organs as
described above, our results showed
that superficial organs such as lymph
nodes had a higher biopsy positive
rate and SUV values. Considering this
result, a biopsy of superficial organs
should be aggressively performed (both
for safety and to obtain the accurate di-
agnosis) in patients who are clinically
suspected of having IgG4-RD with en-
larged superficial organs.

Several limitations of this study must be
mentioned. The number of patients was
small, and the longitudinal analysis was
not fully performed. We could evalu-
ate the clinical course for one year in
11 out of 21 patients, but there were no
relapses or progression of disease. We
therefore could not compare the value
of BF-FDG PET/CT at baseline with
respect to the treatment response or dis-
ease progression. To make PET/CT im-
aging more useful for the management
of treatment for IgG4-RD, analysis of
the relation of the SUV value with the
treatment course such as an inadequate
response to steroid treatment, the rate of
relapse and concomitant use of immu-
nosuppressant desistance is needed in a
larger longitudinal study. The values of
SUV ... of lymph node were relatively
higher as compared to other tissues, and
all histopathologic findings of lymph
nodes were histopathology-positive in
our present study. These results influ-
enced the cut-off value in this study.
The value of SUV ., of histopathol-
ogy-negative lymph node should be
compared with that of histopathology-
positive lymph node, and mentioned
above in the discussion section, further
analysis is needed of the cut-off value
of SUV .., focused on each organ using
larger samples. Also, comparison of the
SUV ... of IgG4-RD with those of other
diseases such as malignant lymphoma
was not done in this study. The utility of
the quantification of PET/CT for differ-
entiating IgG4-RD from other diseases
should be assessed in a future study.

Conclusions

In conclusion, our present study sug-
gested that quantitative analysis of '8F-
FDG PET/CT imaging is useful for se-
lecting the biopsy site in IgG4-related

disease. The calculation of SUV not

mean,
of SUV ., is important for evaluating

IgG4-RD lesions in F-FDG PET/CT
imaging.
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