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Abstract

Background: IgG4-related disease is a new clinical entity frequently associated with swelling of the submandibular glands
(SMGs). The long-term outcome of SMG swelling without steroid therapy remains unknown.

Objective: To examine whether swollen SMGs spontaneously regress without steroid therapy in the context of
IgG4-related disease and to identify biomarkers that can predict the spontaneous regression of SMG swelling.

Methods: The SMG volume of 49 patients diagnosed with IgG4-related disease was calculated by measuring the axial and
coronal planes of computed tomography scans. The change in SMG volume over time was measured and examined by
treatment regimen, clinical data, and serum complement level.

Results: We found 28 of 49 (57%) 1gG4-related disease patients to have swollen SMGs, with |5 of 20 (75%) of the swollen
SMGs regressing without steroid therapy. The time required for the SMGs swelling to regress was significantly shorter in the
steroid therapy group than in the no-steroid therapy group. Serum complement components at the initial visit were signif-
icantly lower in the regressed SMG group than in the nonregressed SMG group.

Conclusion: We observed 75% of swollen SMGs spontaneously regressed in patients with IgG4-related disease. The time
required for the swollen SMGs to regress was longer in patients without steroid therapy than in those with steroid therapy.
Serum complement level could be used as a predictor for the spontaneous regression of swollen SMGs in patients with
IgG4-related disease.
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Immunoglobulin (Ig) G4-related disease is a new system-
ic syndrome, characterized by a high serum concentra-

tion of IgG4 and infiltration of IgG4-positive plasma
cells into affected organs.' IgG4-related disease is
known to affect multiple organs including the pancre-
as,>® lacrimal and salivary glands,* kidneys,” bile
duct,® prostate,7 nasal cavity,g’10 skull base,!! and retro-
peritoneum.> In particular, swollen submandibular
glands (SMGs) are one of the most typical manifesta-
tions of IgG4-related disease.
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It is widely known that steroid therapy is effective for
IgG4-related disease and can induce the regression of
SMG swelling.'? However, some IgG4-related disease
patients with swollen SMGs do not have any other clin-
ical symptoms or affected organs, and it has been con-
troversial whether these patients should be treated with
steroid therapy or not.'?

Some manifestations of IgG4-related disease have
been reported to show spontaneous regression.'* '
However, the spontaneous regression of swollen SMGs
in the context of IgG4-related disease has not yet been
reported. The long-term outcome of SMG swelling in
the context of IgG4-related disease also remains unclear.

In this study, we determined the ratio of regression of
swollen SMGs in the context of IgG4-related disecase. We
compared the clinical course of swollen SMGs in patients
with IgG4-related disease that were treated with steroids
to those that were not treated with steroids. We also
examined clinical factors and serum complement levels
to identify biomarkers for predicting the spontaneous
regression of SMG swelling in these patients.

Materials and Methods

Patients

We retrospectively examined patients diagnosed
with IgG4-related disease in the Department of
Otolaryngology, Hokkaido  University  Hospital,

between September 2006 and October 2014. A diagnosis
of lgG4-related disease was made according to the
comprehensive diagnostic criteria for definite IgG4-
RD: (1) diffuse or partial enlargement, swelling, nodules,
or thickening lesions on single or multiple organs; (2) a
serum IgG4 concentration > 135 mg/dL; and (3) histo-
pathological findings including (a) massive lymphocytic
and plasmacytic infiltration and sclerosis, (b) increased
numbers of IgG4+ plasma cells, and (c) [gG4+/1gG+
plasma cell ratio >40% and >10 cells per high-power
field.! Patients were excluded if they had been diagnosed
other diseases, such as sarcoidosis, Castleman’s discase,
granulomatosis with polyangiitis, sialolithiasis, and
malignant disease.

Patient age, sex, complications, affected organs, lab-
oratory data, computed tomography (CT) scans, and
follow-up period were retrospectively examined on the
basis of clinical records. As controls, we also examined
29 healthy subjects (HS) without any symptoms of xero-
stomia or keratoconjunctivitis sicca and no history of
radiation therapy.

This study was approved for Clinical Research
(014-0373) by the Institutional Review Board of the
Hokkaido University Hospital, Hokkaido, Japan, and
complied with the ethical standards of the Helsinki
Declaration.

Steroid Treatment

Oral prednisolone was started at 30 to 40 mg per day for
2 to 4 weeks and thereafter reduced gradually (by 5 mg
per week) to a daily dose of 5 mg. When patients had
rejected the proposal of steroid therapy, they were close-
ly followed without any treatment.

Measurement of SMG Volume

SMGs were examined on the axial and coronal planes of
CT scans. SMG volume was calculated according to the
following formula:'’

Volume (mL) = Longtuidinal diameter (cm)
x transverse diameter (cm)
x sagittal diameter (cm) x0.5

No cut-off value for the enlargement of the salivary
gland lesions of IgG4-related disease has been estab-
lished. In the present study, the cut-off value for the
enlargement of the SMGs was set at the mean volume
of the SMGs in the control group + 1.64 standard devi-
ations (SDs) so that 95% of all observations in a healthy
population are judged as normal. We judged a SMG to
be swollen if the volume of the SMG was over the cut-off
value. We defined a SMG as showing regression if the
swollen SMG was found to be under the cut-off value in
the later CT scan.

Statistical Analysis

All data are expressed as mean £+ SD. Categorical varia-
bles, such as sex, the presence/absence of DM, hyperten-
sion (HT), and hyperlipidemia (HL), and other
complicating lesions (lacrimal glands, parotid glands,
sublingual glands, pancreas, gall bladder, kidney/retro
peritoneum, and lung/mediastinum), were compared
using the y° test and/or the Kruskal-Wallis test.
Continuous variables (age, serum IgG level, serum
IgG4 level, complement level, HbAlc, volume of
SMGs, and follow-up period) were analyzed using the
Wilcoxon test. The correlation between the serum IgG4
and the volume of SMGs was tested using Pearson’s
correlation coefficient; r.

The Kaplan—Meier method was applied for the ratio
of the regression of the swollen SMGs. The time of inter-
est was the duration from the date of the first visit to
regression of the swollen SMGs. The period for the swol-
len SMGs to regress was analyzed by Log-rank test.
P values < .05 were considered statistically significant.
All analyses were performed using the JMP® 11 (SAS
Institute Inc., Cary, NC).
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Results

Clinical Features of Patients With
IgG4-Related Disease

We examined 49 patients with IgG4-related disease.
Fourteen (28.6%) of the patients were women and 35
(71.4%) were men. The mean age was 68.2+ 10.8 years
(range, 38-81 years). The mean IgG and IgG4 serum
level was 2187.84+604.5 and 646.5+501.9 mg/dL,
respectively. Twenty-eight patients (57.1%) suffered
from autoimmune pancreatitis (AIP) and 21 (42.9%)
suffered from sclerosing cholangitis. The follow-up
period was 46.3 +28.5 months (range, 0-92 months).
Twenty-two patients (44.9%) received steroid therapy.
The SMG volume in patients with IgG4-related disease
was 9.79 +£4.77 mL. On the other hand, the volume in
the HS group was 6.70 £1.94 mL. Hence, the cut-off
value for swollen SMG was set at 9.9 mL according to
the formula given earlier.

Comparisons of Clinical Features Between the
Patients With and Without Swollen SMGs

Twenty-eight patients (57.1%) had swollen SMGs,
whereas the other 21 patients (42.9%) did not have swol-
len SMGs. Twelve patients had unilateral SMG swelling
and 16 patients had bilateral SMG swelling. Clinical
features were compared between patients with and

without swollen SMGs (Table 1). The patients with
swollen SMGs were significantly younger than the
patients without swollen SMGs (65.64 £12.25 vs 72.81
+7.51, P=.024). The patients with swollen SMGs
were less likely to suffer from AIP than the patients
without swollen SMG (42.8% vs 76.2%, P=.018).
There were no differences in sex, the presence/absence
of DM, HT, or HL, other affected organs, serum IgG,
serum IgG4, serum complement (one data on a patient
treated with steroid therapy for swollen SMGs was miss-
ing.), HbAlc, or follow-up period. Serum IgG4 did
not have a significant correlation to the volume of
SMGs (r=.280, P=.340).

Of the 28 patients who had swollen SMGs, 14
patients were treated with steroid, and the remaining
patients were not. Only 1 patient treated with steroid
for swollen SMGs also used azathioprine. There were
no significant differences in any clinical data, except
for HT, between the patients with and without steroid
therapy (Table 2).

Comparisons of Clinical Features Between Patients in
Whom SMG Swelling Regressed and Those in Whom
There Was No Regression

Of the 28 patients who had swollen SMGs, 26 patients

were examined with CT scans at least twice. Among the
26 patients, 13 patients did not receive any steroid

Table I. Comparison of Clinical Features Between Patients With IgG4-Related Disease With and Without Swollen SMGs.

Without Swollen With Swollen
SMGs (n=21) SMGs (n=128) P
Age 7281 +£7.51 65.64+12.25 .024
Sex (M/F) 16/5 19/9 521
DM 12 I 214
HT 5 9 521
HL 3 2 A4l6
Lacrimal glands 2 7 153
Parotid glands 0 4 071
Sublingual glands 0 3 061
Pancreas 16 12 .018*
Gall bladder 12 9 .079
Kidney/retroperitoneum 7 8 721
Lung and mediastinum 2 7 153
IgG (mg/dL) 217541 £801.52 2205.53 +£573.83 .620
1gG4 (mg/dL) 600.51 4-489.79 719.80 +596.80 235
c3 105.52 £26.51 100.44 £ 33.09 (n=27) 513
C4 2286+ 11.69 22.63+10.69 (n=27) .803
CH50 54.66 + 18.43 50.70 +21.24 (n=27) .146
PSL 8 14 407
HbAlc (%) 6.85+ 1.6l 6.13+£1.23 071
Follow-up month 43.10£35.24 51.684+23.53 .390

Abbreviations: DM, diabetes mellitus; HL, hyperlipidemia; HT, hypertension; PSL, prednisolone; SMG, submandibular gland, *P<.05.

Data are mean =+ standard deviation.
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Table 2. Comparison of Clinical Features in the Patients With
Swollen SMGs With or Without Steroid Treatment.

Table 3. Comparison of Clinical Features Between Regressed
SMGs and Nonregressed SMGs Without Steroid Therapy.

Patients Without ~ Patients With Regressed Nonregressed
Steroid (n=14)  Steroid (n=14) P SMG (n=15) SMG (n=5) P

Age 69.00 £ I1.59 6229+1238  .197 Age 71.47 £2.41 71.12£11.90 965
Sex (M/F) 6 3 221 Sex (M/F) 1174 32 573
DM 5 6 699 DM 7 2 795
HT 2 7 .039 HT 3 0 .169
HL I | I HL 2 0 269
Lacrimal glands 3 4 .662 Lacrimal gland 3 | |
Parotid glands 2 2 I Parotid glands 2 0 269
Sublingual glands | 2 .538 Sublingual gland 2 0 269
Pancreas 6 6 I Pancreas 7 3 .605
Gall bladder 5 4 .686 Gall bladder 5 2 .788
Kidney/ 4 4 I Kidney/ 3 2 .386

retroperitoneum retroperitoneum
Lung and 4 3 .662 Lung and 4 3 .183

mediastinum mediastinum
IgG (mg/dL) 2069.14£608.71 2301.00£560.16 .354 1gG (mg/mL) 2051.17+£617.03 NA
18G4 (mg/dL) 530.23£296.80 909.39£759.00 .166 18G4 (mg/mL) 51420+311.64 44325+63.03 316
C3 91.20 £30.99 112.004+3322 .150 C3 88.40 + 15.41 125.40+24.17 .004*
C4 19.93 £8.39 26.00+12.58  .079 C4 19.47 £4.52 2820+5.63 .014*
CH50 46.21 £16.39 56.30+25.74  .367 CH50 46.15+8.45 6474+ 13.10 .008*
HbAlc (%) 6.00£0.76 6.24 £ 1.53 .828 HbAlc 6.06 £0.84 6.15+0.88 |
Volume of 13.78+4.16 13.68+3.72 533 Volume of 14.17 £ 4.89 12.68 +2.43 969

SMG (mL) SMG (mL)
Follow-up month 48.93 +20.02 5443+£27.07 535 Follow-up month 49.13+21.13 53.80+25.04 759

Abbreviations: DM, diabetes mellitus; HL, hyperlipidemia; HT, hyperten-
sion; PSL, prednisolone; SMG, submandibular gland.
Data are mean =+ standard deviation.

therapy, and in these patients, a total of 20 SMGs
were swollen. We found that 15 of the 20 swollen
SMGs (75.0%) spontaneously regressed without
steroid therapy (regressed SMG group), while the
other 5 SMGs did not (nonregressed SMG group).
There were no significant differences between the 2
groups in terms of age, sex, the presence/absence of
DM, HT, or HL, other affected organs, serum IgG,
serum IgG4, HbAlc, or follow-up period (Table 3).
There was no significant difference in the change of
serum IgG4 (AlgG4) between them (479 + 727.28 mg/dL
vs 393.08 £+ 501.23 mg/dL, P=.36).

Change in Volume of the Swollen SMGs

In the regressed SMG group without steroid treatment,
a significant difference was observed in SMG volume
in the pre-CT and post-CT (14.17£4.89 mL vs 4.27
+1.71 mL, P<.01; Figure 1(A) and (C)). On the other
hand, in the nonregressed SMG group, there was no
significant difference in SMG volume in the pre-CT
and post-CT (12.96+2.34 mL vs 11.38+1.35 mL;
Figure 1(B) and (C)). Further, there was no significant
difference in the SMG volume in the pre-CT between the

Abbreviations: DM, diabetes mellitus; HL, hyperlipidemia; HT, hyperten-
sion; PSL, prednisolone; SMG, submandibular gland, *P<.05.
Data are mean =+ standard deviation.

regressed SMG group and the nonregressed SMG group
(14.17+4.89 mL vs 12.96 4+ 2.34 mL; Figure 1(C)).

Comparison of the Time Required for the Swollen
SMGs to Regress With/Without Steroid Therapy

The time required for the swollen SMG to regress was
significantly shorter in patients who received steroid
therapy than in those without steroid therapy (5.03
+8.18 months vs 29.76 £11.94 months, P <.001;
Figure 2(A)). There was also a significant difference in
the Kaplan—Meier curve for the ratio of regression of
SMGs with and without steroid therapy (P =.003;
Figure 2(B)). The median time to regression in patients
with and without steroid therapy was 4.2 and
36.5 months, respectively.

Complement Level Was Associated With the
Spontaneous Regression of Swollen SMGs
Associated With IgG4-Related Disease

The level of serum C3, C4, CH50 measured at the first
visit was significantly lower in the regressed SMG group
than in the nonregressed SMG group (C3 88.40
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Figure 2. Comparison of the time required for the swollen SMGs to regress with/without steroid therapy. A, Comparison of the time
required for each SMG to regress between with and without steroid therapy. B, Kaplan—Meyer curve on the ratio of regression of swollen
SMGs between with and without steroid therapy. SMG, submandibular gland, *P <.05.

+15.41 mg/dL vs 125.40+24.17 mg/dL, P=.004; C4
19.47£4.52 mg/dL vs 28.20+5.63 mg/dL, P=.014;
and CH50 46.15+8.45 U/mL vs 64.74 +13.10 U/mL,
P =.008, respectively; Table 3 and Figure 3(A)).

In the regressed SMG group, the level of serum CHS0
recovered as the SMGs regressed (Pre-CHS50 46.15
+845 U/mL vs Post-CHS0 53.53+8.89 U/mL,
P =.048). On the other hand, the level of serum CH50
did not change in the nonregressed SMG group (Pre-
CH50 64.74+43.48 U/mL vs Post-CH50 66.63
+10.23 U/mL; Figure 3(B)).

Representative Case

A 75-year-old man was referred to our hospital due to
nasal crusting and swelling of the bilateral SMGs. He
had a history of asthma.

Physical examination revealed symmetrical swelling
of the SMGs and nasal crusting. There were no other
abnormalities in the head and neck region.
Immunoglobulin analysis of peripheral blood showed
elevated serum IgG (1821 mg/dL) and IgG4 (312 mg/dL)
levels. Serum C3, C4, and CHS50 levels were 67 mg/dL,
190 mg/dL, and 37.5 U/mL, respectively.
Autoantibodies, such as rheumatoid factor, proteinase-3—
antineutrophil cytoplasmic antibody (ANCA),
myeloperoxidase-ANCA, anti-SS-A antibody, and anti-
SS-B antibody, were all negative. A cervical CT scan
showed bilateral swollen SMGs (right 16.9 mL and left
25.0 mL; Figure 4(A)). Specimens were taken from his
labial salivary gland, nasal mucosa, and pancreas.
Histopathological examination showed chronic inflamma-
tion with dense lymphoplasmacytic infiltrates.
Immunostaining for IgG and IgG4 showed numerous
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Figure 4. Cervical computed tomography and pathological findings of the representative case. A, A cervical CT scan showing bilateral
swollen SMGs (right 16.9 mL and left 25.0 mL). B, IgG4 immunostaining of pancreas specimens from the representative case. C, A cervical
CT scan 50 months later reveals regression of the bilateral swollen SMGs (right 3.4 mL and left 5.2 mL) without steroid therapy.

CT, computed tomography; SMG, submandibular gland.

IgG4-positive plasma cells (>100/HPF) in both his labial
salivary gland and nasal mucosa. The infiltration of
numerous IgG4-positive plasma cells was also detected in
the specimen from his pancreas (Figure 4(B)). Taken
together, he was diagnosed with IgG4-related disease
including AIP and bilateral swollen SMGs.

The patient, who presented with only mild symptoms,
did not accept steroid therapy for fear of its side effects
and was closely followed without steroid therapy. The
bilateral swollen SMGs gradually regressed.

Fifty months later, a cervical CT scan revealed regres-
sion of the bilateral swollen SMGs (right 3.4 mL and left
5.2 mL; Figure 4(C)). Laboratory examination revealed
that the serum C3, C4, and CHS50 levels were also recov-
ered (C3 78 mg/dL, C4 29.0 mg/dL, and CHS50
45.3U/mL).

Discussion

There are some case reports in which the lesion affected
by IgG4-related had spontaneously regressed.'> !> Seki
et al. have described a 67-year-old man with chronic
sclerosing sialadenitis and lung lesions, which regressed
after resection of the SMG lesion without steroid thera-
py.'* Ozden et al. have reported spontaneous regression
of AIP."? Kase et al. have reported a 65-year-old woman
with bilateral IgG4-related dacryoadenitis, which spon-
taneously regressed after excision of the left lacrimal
gland."® However, spontaneous regression of the swollen
SMGs in IgG4-related disease has not been reported
to date.

It has been widely assumed that swollen SMGs in
patients with IgG4-related disease were persistent and
that only steroid therapy could shrink swollen
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SMGs.!'?> However, in this study, 75.0% of swollen
SMGs later regressed without steroid therapy. This dis-
crepancy might depend on the observation period. In
this study, the patients with IgG4-related disecase were
followed for a relatively long period of 46.3 +£28.5
months. Furthermore, it took much longer for the swol-
len SMGs to regress without steroid therapy than with
steroid therapy. These results imply that the swollen
SMGs could shrink even without steroid therapy long
term, but steroid therapy could reduce to time required
for the swollen SMGs to regress.

Our data on low serum complement component in the
regressed SMG group implied that serum complement
level could be a biomarker to predict spontaneous
regression of swollen SMGs in IgG4-related disease.
Despite the small sample number in this study, receiver
operating characteristic curve on spontaneous regression
and serum complement level showed high area under the
curve, sensitivity, specificity, positive predictive value,
and negative predictive value for the cut-off value of
57 U/mL (0.913, 93.3%, 80.0%, 93.3%, and 80.0%,
respectively, data not shown).

It is unclear how low complement levels might affect
the evolution of IgG4-related disease.'®! It has been
reported that complement system is activated in some
patients with IgG4-related disease.””?! Immune com-
plexes comprising complement components have been
found in specimens from organs affected by IgG4-
related disease.”> >* Furthermore, serum IgG4 from
some [gG4-related disease patients has been shown to
bind to Clq in vitro.?® Taken together, it is thought
that the low complement levels seen in this study reflect
the activation and consumption of the complement com-
ponents. We also found that serum complement levels
recovered along with the spontancous regression of
SMG swelling, which corresponds well with previous
reports that low complement levels reflect IgG4-related
disease activity.'”?!*

In this study, some patients with IgG4-related disease
had low complement levels, whereas others did not, as
reported in different studies.'”** We also compared clin-
ical data between the patients with low and normal com-
plement levels, but there were no significant differences
in age, sex, serum IgG, serum IgG4, or follow-up period
(data not shown). It is unknown why complement
system is activated and consumed only in some patients
with IgG4-related disease. In vitro study showed that
serum IgG4 from IgG4-related disease patients with
low complement levels has been shown to bind to Clq,
while IgG4 from those with normal complement levels
did not.?® The affinity of IgG4 to Clq might be a reason
for variety of serum complement level in IgG4-related
disease. Further studies are needed to clarify the role of
complement system and immune complex formation in

the pathophysiology of SMG swelling and its spontane-
ous regression in the context of IgG4-related disease.

Conclusion

The majority of swollen SMGs in patients with
IgG4-related disease spontaneously regressed without
steroid therapy, although steroid therapy reduced the
time required for the swollen SMGs to regress.
Furthermore, we found low serum complement levels
in the patients with regressed SMGs. The low serum
complement levels could be used as a biomarker for
predicting the spontaneous regression of swollen SMGs.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Ethical Approval

This study was approved by our institutional review board.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This study was supported by JSPS KAKENHI Grant
(Numbers 17H06491 and 18K16871), the Akiyama Life
Science Foundation Grant, and GSK Japan Research Grant
2015 to M. S.

Statement of Human and Animal Rights

This article does not contain any studies with human or
animal subjects.

Statement of Informed Consent

There are no human subjects in this article and informed con-
sent is not applicable.

References

1. Umehara H, Okazaki K, Masaki Y, et al. Comprehensive
diagnostic criteria for IgG4-related disease (IgG4-RD),
2011. Mod Rheumatol. 2012;22(1):21-30.

2. Hamano H, Kawa S, Horiuchi A, et al. High serum 1gG4
concentrations in patients with sclerosing pancreatitis.
N Engl J Med. 2001;344(10):732-738.

3. Hamano H, Kawa S, Ochi Y, et al. Hydronephrosis asso-
ciated with retroperitoneal fibrosis and sclerosing pancre-
atitis. Lancet. 2002;359(9315):1403-1404.

4. Yamamoto M, Harada S, Ohara M, et al. Clinical and
pathological differences between Mikulicz’s disease and
Sjogren’s syndrome. Rheumatology (Oxford, England).
2005;44(2):227-234.

5. Takeda S, Haratake J, Kasai T, Takaeda C, Takazakura
E. IgG4-associated idiopathic tubulointerstitial nephritis



Allergy & Rhinology

10.

11.

13.

14.

15.

. Suzuki M, Nakamaru Y, Akazawa S, et al.

. Vandjelovic

complicating autoimmune pancreatitis.
Transplant. 2004;19(2):474-476.

Nephrol  Dial

. Zen Y, Harada K, Sasaki M, et al. [gG4-related sclerosing

cholangitis with and without hepatic inflammatory pseu-
dotumor, and sclerosing pancreatitis-associated sclerosing
cholangitis: do they belong to a spectrum of sclerosing
pancreatitis? Am J Surg Pathol. 2004;28(9):1193-1203.

. Yoshimura Y, Takeda S, Ieki Y, Takazakura E, Koizumi

H, Takagawa K. IgG4-associated prostatitis complicating
autoimmune pancreatitis. nt Med (Tokyo, Japan).
2006;45(15):897-901.

Nasal
manifestations of immunoglobulin G4-related disease.
Laryngoscope. 2013;123(4):829-834.

ND, Humphreys IM. Immunoglobulin
G4-related sclerosing disease of the paranasal sinuses: a
case report and literature review. Allergy Rhinol
( Providence, RI). 2016;7(2):85-89.

Song BH, Baiyee D, Liang J. A rare and emerging entity:
sinonasal IgG4-related sclerosing disease. Allergy Rhinol
( Providence, RI). 2015;6(3):151-157.

Alt JA, Whitaker GT, Allan RW, Vaysberg M. Locally
destructive skull base lesion: IgG4-related sclerosing dis-
ease. Allergy Rhinol ( Providence, RI). 2012;3(1):e41—¢45.

. Khosroshahi A, Wallace ZS, Crowe JL, et al. International

consensus guidance statement on the management and
treatment of IgG4-related disease. Arthritis Rheumatol
(Hoboken, NJ). 2015;67(7):1688-1699.

Ozden I, Dizdaroglu F, Poyanli A, Emre A. Spontaneous
regression of a pancreatic head mass and biliary obstruc-
tion due to autoimmune pancreatitis. Pancreatology.
2005;5(2-3):300-303.

Seki N, Yamazaki N, Kondo A, Nomura K, Himi T.
Spontaneous regression of lung lesions after excision of
the submandibular gland in a patient with chronic scleros-
ing sialadenitis. Auris Nasus Larynx. 2012;39(2):212-215.
Kase S, Yamamoto T, Ishijima K, Noda M, Ishida S.
Spontaneous regression of IgG4-related dacryoadenitis.
Mod Rheumatol. 2013;23(5):1018-1021.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ramasamy VB, Trefor R, Rajamani K, Santosh D,
Griffiths D, Donovan K. Lesson of the month 2: 1gG4-
related renal mass with spontaneous resolution. Clin Med
( London, England). 2015;15(4):396-398.

Wernicke D, Hess H, Gromnica-Ihle E, Krause A, Schmidt
WA. Ultrasonography of salivary glands—a highly specific
imaging procedure for diagnosis of Sjogren’s syndrome.
J Rheumatol. 2008;35(2):285-293.

Kawa S. The immunobiology of immunoglobulin G4 and
complement activation pathways in IgG4-related disease.
Curr Top Microbiol Immunol. 2017;401:61-73.

Fukui S, Fujita Y, Origuchi T, Maeda T, Kawakami A.
Serum complement factor C5a in IgG4-related disease
[published online ahead of print June 6, 2018]. Ann
Rheum Dis. doi:10.1136/annrheumdis-2018-213705
Sugimoto M, Watanabe H, Asano T, et al. Possible par-
ticipation of IgG4 in the activation of complement in
IgG4-related disease with hypocomplementemia. Mod
Rheumatol. 2016;26(2):251-258.

Kihara M, Sugihara T, Hosoya T, Miyasaka N. Clinical
significance of complement as a biomarker of disease activ-
ity in 4 cases of IgG4-related disease with retroperitoneal
fibrosis. Clin Exp Rheumatol. 2013;31(6):947-949.
Detlefsen S, Brasen JH, Zamboni G, Capelli P, Kloppel G.
Deposition of complement C3c, immunoglobulin (Ig)G4
and IgG at the basement membrane of pancreatic ducts
and acini in autoimmune pancreatitis. Histopathology.
2010;57(6):825-835.

Cornell LD, Chicano SL, Deshpande V, et al
Pseudotumors due to IgG4 immune-complex tubulointer-
stitial nephritis associated with autoimmune pancreatocen-
tric disease. Am J Surg Pathol. 2007;31(10):1586-1597.
Kawano M, Mizushima I, Yamaguchi Y, et al
Immunohistochemical characteristics of IgG4-related
tubulointerstitial nephritis: detailed analysis of 20
Japanese cases. Int J Rheumatol. 2012;2012:609795.

. Wallace ZS, Deshpande V, Mattoo H, et al. IgG4-related

disease: clinical and laboratory features in one hundred
twenty-five patients. Arthritis Rheumatol (Hoboken, NJ).
2015;67(9):2466-2475.



	table-fn1-2152656718816738
	table-fn2-2152656718816738
	table-fn3-2152656718816738
	table-fn4-2152656718816738
	table-fn5-2152656718816738
	table-fn6-2152656718816738

