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ABSTRACT

Introduction: IgGg4-related disease (IgG4-RD) is an
emerging systemic inflammatory disease involving nearly
all organs eventually leading to fibrosis. Prompt and
adequate treatment to prevent irreversible organ damage
is therefore pivotal. To evaluate the treatment outcomes,
we studied a well-defined cohort of patients with IgG4-RD.
Method: 32 patients with histologically confirmed IgG4-RD
diagnosed between 1999 and April 2017 were included
and reviewed for demographic and clinical characteristics.
The response to treatment with glucocorticoids, disease
modifying antirheumatic drugs, rituximab and other
therapeutic interventions were evaluated.

Results: Glucocorticoids as well as rituximab appeared
successful therapeutic drugs leading to clinical remission
(complete or partial remission) in all patients. Recurrences,
however, were frequently seen (62% versus 100%,
respectively). Diseases modifying antirheumatic drugs
(DMARDs), including azathioprine, methotrexate and
mycophenolate mofetil were effective in less than half
of the cases. A minority of patients was treated with
alternative treatments including hydroxychloroquine,
thalidomide and infliximab which all appeared effective.
Surgical intervention and radiotherapy in local disease
seemed to induce clinical remission and were associated
with low recurrence rates.

Conclusion: Glucocorticoids and rituximab induce
substantial responses as well as primary surgical
intervention and radiotherapy, while the efficacy of
DMARD:s is limited. Based on the few data available,
hydroxychloroquine, infliximab and thalidomide may
be promising treatment options for second or third line
strategies.
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INTRODUCTION

IgG4-related disease (IgG4-RD) is a

fibro-inflammatory disease potentially affecting all parts

systemic

of the human body.! Eventually fibrosis may lead to
irreversible organ damage and even secondary amyloidosis
may occur.> Therefore early recognition and swift initiation
of adequate therapy remain critical 35

The pathogenesis of IgG4-RD is still unclear and the
trigger causing the inflammation seen in IgG4-RD is
unknown, but recently evolving knowledge is leading
to a better understanding of the disease. The elevated
IgG4 levels and the good response of IgG4-RD patients
to treatment with rituximab (B-cell depletion treatment),
suggest a role of the humoral immune system in the
pathogenesis of 1gG4-RD.57 IgG4 positive B-cells have
been studied in IgG4-RD demonstrating increased
numbers of blood IgG4 positive B-cells in patients
compared to controls.®o In addition, oligoclonally
circulating total plasmablasts are increased and
appear to play a role in IgG4-RD, while the number of
plasmablasts decreased after B-cell depletion.b*> These
plasmablasts show extensive somatic hypermutation
(SHM) in the rearranged variable regions, which indicates
a T-cell dependent response. Different T-cell subsets
have been studied in IgG4-RD and have shown that T-cells
are also important in the pathogenesis of 1gG4-RD.6913
T follicular helper 2 (Tfhz2) cells are possibly involved in
driving the class switch to IgG4.*# Different cytokines,
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including interleukin (IL)-4 derived from T-helper 2
(Th2) cells may also contribute to the pathophysiology of
IgG4-RD.9577 but the role of Thz cells in IgG4-RD remains
unclear.®9 Recently, CD4+ T-cells displaying cytotoxic
features appeared to be abundantly present in peripheral
blood and diseased tissue sites of patients with IgG4-RD
and possibly also contribute to the pathogenesis of the
disease.’2°

Glucocorticoids are the first choice for treatment.
The relapse rate after tapering glucocorticoids is high,
hence steroid-sparing maintenance therapy is often
required.>” Several disease modifying anti-rheumatic
drugs (DMARDs) such as methotrexate and azathioprine
have been used as steroid-sparing treatment of IgG4-RD,
but studies confirming their efficacy are lacking.?> Most
of the reports on the use of steroid-sparing treatment
with DMARDs are case-based reports. Emerging data
from case series reveal promising results for rituximab
in the treatment of patients with IgG4-RD.">+2¢ The
aim of the current study is to evaluate the different
treatment outcomes in a well-defined cohort of patients
with IgG4-RD.

MATERIALS AND METHODS

The Erasmus University Medical Center is a tertiary
referral centre for patients with IgG4-RD. All patients
diagnosed with IgG4-RD are treated and monitored
prospectively. However, patients may also be diagnosed
with IgG4-RD retrospectively. Medical records of patients
with IgG4-RD between 1999 and April 2017 were
reviewed for demographic and clinical characteristics.
Only patients with histologically confirmed IgG4-RD
according to established Boston criteria for histology
were included.”” The efficacy of all therapies including
glucocorticoids, DMARDs (mycophenolate mofetil,
methotrexate and azathioprine), hydroxychloroquine,
cyclophosphamide, rituximab, thalidomide, infliximab,
surgery and radiotherapy were evaluated. The disease
activity in patients was evaluated using the IgG4-related
disease Responder Index (IgG4-RD RI), a monitoring
tool for disease activity in IgG4-RD using the clinical,
laboratory and radiological outcomes. IgG4-RD RI is
designed for the physicians to easily score the extent of the
disease activity. A score of o signifies the absence of active
disease in an organ, a score of 1 indicates improvement of
the disease activity within an organ, a score of 2 indicates
that the disease within an organ has remained unchanged,
a score of 3 indicated the presence of new or recurrent
disease activity and a score of 4 refers to disease that has
worsened despite treatment. The levels of serum IgG4 are
scored as same manner and scored according to normal,

improved, persistent or new/recurrent/worsened despite
treatment.?®

Active disease was defined by an IgG4-RD RI score of
= 3.293° Improvement in the disease activity and complete
response are defined as a decline of = 2 points compared
to the baseline score or IgG4-RD RI of < 3 and decline = 2
after treatment, respectively. Partial response and disease
relapse were defined as a decline of = 2 points in IgG4-RD
RI, but still = 3 and worsening of clinical, radiological and
serological (serum IgGy) findings, respectively.

This study was performed according to the Declaration
of Helsinki and was approved by the Medical Ethics
Committee of Erasmus MC (ethics approval numbers
MEC-2017-1169).

RESULTS

All together 32 patients with IgG4-related disease were
included with a mean age of 57 years, ranging from 17 to
77 years, of which 72% were male. The main outcomes
of this study are presented in table 1. An overview of the
different treatment modalities in these 32 patients is
presented in table 2A and the different treatment outcomes
(response, failure and relapse) for each treatment strategy
are demonstrated in table 2B.

The patients represented a heterogeneous group of
IgG4-RD with different organ manifestations. Most of the
patients had ocular (53%) manifestation of the disease.
The medical history was unremarkable in most of the
cases, though five patients had asthma. All the cases were
histologically confirmed using the Boston consensus
criteria for histology.>”

Almost all patients (29/32 = 91%) were treated with
glucocorticoids (mostly prednisone o.5-1 mg/kg/day)
leading to clinical response in all. In the remaining three
patients, initial treatment with methotrexate followed
by hydroxychloroquine in one patient and surgery in
two patients led to complete response. In 27 (out of 29)
patients glucocorticoids were started initially and in two
after relapse or failure of the initial glucocorticoid sparing
regime (patients 4 and G). In 10 (out of 27) patients
glucocorticoids were initiated as monotherapy; in the
remaining patients these were combined (table 2A).

Complete response was observed in 72% of the patients
receiving glucocorticoids, whereas 28% showed a partial
response. Glucocorticoids were usually continued for a
period of four to six weeks and thereafter tapered slowly
and withdrawn in a period of three months up to one
year. In just two patients a short course of prednisone
was started after initial surgical excision of the affected
tissue. Despite a good initial clinical response a flare of the
disease occurred when the glucocorticoids were tapered
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Table 1. Patient characteristics and treatment outcomes, treatment failures, side effects and current treatment of patients

Patient characteristics

Patient Age Sex Medical history

I Goy F
2 55y M
3 38y M
4 45y M
5 6sy M
6 43y M
7 68y F
8 77y M
9 6ry M
10 63y F
II 64y M

Asthma

2006:

cervical fol-
licular B-cell
lymphoma:
later revised to
IgG4-RD

Carpal tunnel
syndrome

Asthma,
hypertension

Diabetes
mellitus type
2 and asthma.

Diagnosis

[gGy4-related
skin disease

IgG4-related
orbital,
lymph node
and skin
disease

IgGy4-related
salivary
disease

IgG4-related
orbital
disease

IgG4-related
orbital
disease and
scleritis

IgG4-related
lymph node
and renal
disease

IgG4-related
orbital
disease

IgGy4-related
skin and
lymph node
disease

IgG4-related
orbital and
lymph-node
disease

IgG4-related
orbital
disease with
epilepsy,
vision loss
and trismus

IgGy4-related
orbital,
lymph-node,
pancreas
and prostate
disease

Elevated Initial treatment

serum
IgG4

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

(IgG4-RD RI at
presentation)*

Methotrexate (4)

Prednisone (8)

Prednisone and
azathioprine (4)

Hydroxy-
chloroquine (4)

Prednisone and
azathioprine (4)

Radiotherapy (3)

Prednisone and
Mycophenolate
mofetil (6)

Prednisone and
azathioprine (8)

Prednisone and
methotrexate (6)

Prednisone (4)

Prednisone and

methotrexate
(x0)

Therapy failure

Methotrexate

Mycophenolate
mofetil, aza-
thioprine

Hydroxychloro-
quine

Mycophenolate
mofetil

Methotrexate

Methotrexate,
cyclosporine A,
cyclophospha-
mide

Therapy side
effects

Methotrexate
(liver toxicity)

Thalidomide
(neuropathy)

Azathioprine
(Liver toxicity)

Azathioprine
(liver toxicity)

Prednisone
(diabetes
mellitus)
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Therapy
response

Hydroxy-
chloroquine
(CR)

Prednisone
(PR)

Prednisone
(CR), rituximab
(PR), thalido-
mide (CR)

Prednisone
(CR)

Prednisone
(CR)

Radiotherapy
(CR),
prednisone (PR),
rituximab (CR),
mycophenolate
mofetil (PR)

Prednisone
(CR), rituximab
(CR)

Prednisone
(CR),
rituximab (CR)

Prednisone
(CR)

Prednisone
(CR),
infliximab (CR)

Prednisone
(PR), metho-
trexate (PR)

Relapse after
therapy

NA

Prednisone

Prednisone,
rituximab

NA

NA

Radio-
therapy,
prednisone,
rituximab

Prednisone
tapering,
rituximab

Prednisone,

rituximab

Prednisone

Prednisone

NA

Current status
/ treatment

Hydroxy-
chloroquine

Prednisone.
Rituximab is
being
considered

Thalidomide
on demand
due to neuro-
logical side
effects

No treatment

No treatment

Mycopheno-
late mofetil
and low dose
prednisone

Dexametha-
sone tapering

Rituximab
every
6 months

Rituximab
is being
initiated

Infliximab

Methotrexate



Patient characteristics

Patient Age Sex Medical history

2 6oy M Diabetes
mellitus type
2 and asthma

13 64y M Hypothyroid-
ism

14 7y M

15 63y F  Hypothy-
roidism and
COPD Gold 1

16 54y M Mesenteric
mass for 16
years

Iy 63y M  Optic neuritis

18 590y M

19 33y M

20 42y M

21 42y F

Diagnosis

[gGy4-related
orbital,
lymph node,
pancreas
and prostate
disease

IgG4-related
orbital,
lymph node,
thyroid,
prostate and
pancreas
disease

[gGy4-related
lung, lymph
node and
cerebral
disease

IgG4-related
pancreati-
tis, lung,
lymph node
and salivary
gland
disease

IgG4-related
mesenteric
disease

IgGy4-related
thyroid
disease

IgG4-related
lung disease
and ocular
disease

IgGy4-related
pericarditis
and pleural
disease

IgG4-related
orbital and
salivary
disease

IgG4-related
periorbital
disease and
scleritis
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Elevated Initial treatment

serum
IgG4

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

(IgG4-RD RI at
Ppresentation)*

Prednisone and
azathioprine
(ro)

Prednisone (10)

Dexamethasone
and azathio-
prine (8)

Partial pancreas
resection
followed by
prednisone (8)

Prednisone and
azathioprine (4)

Hemithyroidec-
tomy followed
by prednisone

(©)

Surgical
resection lung
lesion followed
by prednisone
and methotrex-

ate (4)

Therapy failure

Azathioprine

Azathioprine

Pericardiectomy -

followed by
prednisone (8)

Prednisone (6)

Prednisone and
azathioprine (4)

Azathioprine

Therapy side
effects

Azathioprine
(gastro-intesti-
nal toxicity)

Azathioprine
(muscle pain)
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Therapy
response

Prednisone
(CR)

Prednisone
(CR)

Dexametha-
sone (PR),
rituximab (PR)

Surgery (CR),
prednisone
short course
(CR)

Prednisone
(PR), rituximab
(PR)

Surgery (CR),
prednisone
short course
(CR)

Surgery (PR),
prednisone
(CR), metho-
trexate (CR)

Surgery (PR),
prednisone
(CR)

Prednisone
(CR), hydroxy-
chloroquine
(CR)

Prednisone
(CR)

Relapse after
therapy

Prednisone

Prednisone

Dexametha-
sone,
rituximab

NA

Prednisone,
rituximab

NA

NA

NA

Prednisone
tapering

NA

Current status
/ treatment

Prednisone.
Rituximab is
being
considered

Prednisone.
Rituximab is
being
considered

Rituximab
every
6 months

No treatment

Methyl-
prednisolone
monthly

No treatment

No treatment
anymore

No treatment

Hydroxy-
chloroquine

No treatment



Patient characteristics

Patient Age Sex Medical history

22

23

24

25

26

27

28

29

30

31

32

70y M Myocardial

infarction

6oy M COPD Gold 1

65y

74y

65y

53y

73y

50y

54y

7Ly

61y

Asthma, acute
rheumatic
fever

Benign
prostate
hypertrophy

Chronic
spontaneous
urticaria

Prostate
carcinoma for
which radio-
therapy

Diagnosis

[gGy4-related
orbital, nose
and salivary
gland
disease

IgG4-related
cholangitis,
lymph node
and nasal
disease

[gGy4-related
orbital,
lymph node
and pancreas
disease

IgG4-
related lung
diseases

IgGy4-related
retroperito-
neal fibrosis

IgGy4-related
orbital and
nasal disease

IgG4-related
orbital and
nasal disease

[gGy4-related
orbital
disease

IgG4-related
orbital
disease

IgG4-related
pancreatitis
and lymph
node disease

IgG4-related
lung disease
presenting
as recurrent
tumors
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Elevated Initial treatment Therapy failure = Therapy side

serum
IgG4

Yes

Yes

Yes

Yes

Yes

No

No

No

No

(IgG4-RD RI at effects
Ppresentation)*

Prednisone (8) - -

Prednisone (8)  Methotrexate ~ Azathioprine
(gastro-intesti-
nal toxicity)

Hydroxy-
chloroquine
(gastro-intesti-
nal toxicity)

Prednisone (8) - -

Surgical - -
resection lung
lesion (4)

Prednisone (6) - Azathioprine
(gastro-intesti-
nal toxicity)

Prednisone and Methotrexate -

methotrexate (6)

Prednisone and Azathioprine, -
azathioprine (6) cyclophospha-
mide

Prednisone (4) - -

Prednisone (2)

Prednisone and - -

azathioprine (8)

Surgical - -
resection lung
lesions (6)

CR = complete response; PR = partial response; IgG4-RD RI = [gG4-Related Disease Responder Index
*IgG4-RD RI at baseline. The activity scores during the follow-up are not shown, but are available upon request
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Therapy
response

Prednisone
(CR)

Prednisone
(CR)

Prednisone
(PR)

Surgery (CR)

Prednisone
(CR)

Prednisone
(CR)

Prednisone
(PR), surgery
(enucleation
=CR)

Prednisone
(CR)

Prednisone
(PR), cyclo-
phosphamide
(CR)
Radiotherapy
(CR)

Prednisone

(CR), azathio-
prine (CR)

Surgery (CR)

Relapse after
therapy

NA

Prednisone

Prednisone

Prednisone

Prednisone

Prednisone
tapering

NA

Prednisone,
cyclophos-
phamide

NA

NA

Current status
/ treatment

No treatment

Prednisone.
Rituximab
being
considered

Prednisone.
Additional
treatment is
being
considered

No treatment

after surgery

No treatment

Rituximab
is being
initiated

No treatment
after surgery

No treatment

No treatment
after
radiotherapy

Azathioprine

No treatment
after surgery
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Table 2. An overview of the different treatment modalities

Table 2A. The different treatment modalities in patients with IgG4-related disease

Initial therapy

Glucocorticoids

Glucocorticoids + Methotrexate

Glucocorticoids + Azathioprine

Glucocorticoids + Mycophenolate
mofetil

Methotrexate
Hydroxychloroquine
Surgery

Surgery + glucocorticoids

Surgery + glucocorticoids +
methotrexate

Radiotherapy

N=32

I0

Additional therapy

Glucocorticoids (n =7)
Glucocorticoids +
cyclophosphamide +
radiotherapy (n = 1)

Glucocorticoids (n = 2)

Glucocorticoids (n =1)
Glucocorticoids + surgery
(=1

Glucocorticoids + rituximab
(n=4)

Glucocorticoids + rituximab

Hydroxychloroquine
Glucocorticoids

o

o

o

Glucocorticoids, rituximab,
mycophenolate mofetil

Maintenance therapy

6 (60%):

Glucocorticoids (n = 4)
Hydroxychloroquine (n = 1)
Infliximab (n =1)

3 (100%):

Glucocorticoids (n

=2)
Methotrexate (n = 1)

5 (679%):

Azathioprine (n = 1)
Glucocorticoids (n = 2)
Rituximab (n = 1)

Thalidomide on demand (n = 1)

1(100%): Glucocorticoids

1 (100%): Hydroxychloroquine
o
o
o

o

1 (100%): Mycophenolate mofetil

Table 2B. Response to different treatment modalities in patients with IgG4-related disease

Therapy

Glucocorticoids
Methotrexate
Azathioprine
Mycophenolate mofetil
Hydroxychloroquine
Cyclophosphamide
Thalidomide
Cyclosporine A
Infliximab
Rituximab

Surgery

Radiotherapy

N =32,
including
76
treatment
episodes

29
7

12

7

2

Complete Partial
response response
21 (72%) 8 (28%)
I (14%) 1 (14%)
1 (8%) o

° 1 (33%)*
2 (50%) o

I (33%) °

I (100%) o

o o

I (100%) o

3 (50%) 3 (50%)
5 (71%) 2 (29%)
2 (100%) o

Therapy Relapse

failure after initial
response

o 18 (62%)

5 (71%) °

5 (42%) o

2 (67%) o

1(25%) o

2 (67%) I (33%)

o NA

1 (100%) NA

o o

o 6 (100%

o o

o 1 (50%)

NA = not applicable (because treatment was discontinued)*In combination with low dose prednisone
**A patient with therapy failure and gastro-intestinal side effects
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Side effects

I (3%)

I (1496)**
6 (50%)
o

1(25%)

o

I (100%)
NA

(¢}
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or discontinued in 62% of the patients, necessitating
additional (steroid-sparing) treatment.

Methotrexate was initiated in seven patients, usually in
a dose of 15 mg per week, which proved effective in a
minority of two (29%, one complete response and one
partial response). In the five other patients methotrexate
failed to suppress the disease activity, in one case also
causing gastro-intestinal toxicity.

A total of 12 patients were treated with azathioprine, with
only one complete response (8%), a patient with pancreas
and lymph node involvement in which azathioprine was
successfully continued as maintenance treatment after
prednisone induction therapy. In six out of 12 patients
(50%) azathioprine was terminated because of toxicity
(liver, gastro-intestinal, muscle symptoms) before disease
activity could be assessed. In the remaining five patients
azathioprine proved insufficient to suppress the disease
activity and led to discontinuation of this treatment
(treatment duration > 3 months).

Mycophenolate mofetil was initiated as maintenance
treatment after steroid induction in three patients.
Two patients showed treatment failure. One patient, with
renal and lymph-node involvement of IgG4-RD refractory
to prednisone tapering, azathioprine and rituximab
showed a partial response with low dose prednisone and
mycophenolate mofetil.

In four patients hydroxychloroquine was used as a
maintenance therapy, showing complete response in
two (50%), after initial therapy with methotrexate and
prednisone respectively. In one (25%) patient initial therapy
with hydroxychloroquine was ineffective and replaced by
prednisone resulting in clinical remission. In another
patient hydroxychloroquine was withdrawn because of
gastro-intestinal side effects.

Cyclophosphamide was used in 3 patients with organ
function threatening disease after induction treatment
with prednisone, which caused complete remission of the
disease in one patient (33%), albeit only temporary.

As regards other agents, cyclosporine A was used once
without clinical effect. Thalidomide was initiated in
one case of therapy refractory salivary disease leading
to complete remission of the disease. However, the
patient experienced neurological side effects and is using
thalidomide now on demand.

Infliximab was used once in a patient with orbital
disease refractory to prednisone tapering, methotrexate,
cyclosporine A and cyclophosphamide. Infliximab has
induced a complete remission and the disease has been in
remission for more than five years.»

Rituximab was initiated, usually as a third line treatment,
in six patients by way of maintenance therapy (50%
complete response, 50% partial response). Hoever, the
clinical remission after a single dose of 2 grams observed
in these patients was temporar. All patients relapsed

within six months to two years after initiating rituximab.
Two patients who relapsed after treatment with rituximab
are currently receiving rituximab every six months with
complete remission of the disease.

Primary surgical intervention in seven patients, including
hemithyroidectomy, resection of pulmonal masses,
pericardiectomy and partial pancreas resection, led to
durable complete responses (median = 36 months). In two
cases with solitary pulmonary involvement, resection of
the lung lesions was performed and there was no further
indication for systemic immunosuppressive therapy. In one
case with orbital and nasal involvement, enucleation of
the eye was eventually performed because of persistent
symptoms of pain after treatment failure with regard to
prednisone tapering, azathioprine and cyclophosphamide.
The enucleation led to clinical remission and pain
symptoms resolved. Diagnosis of IgG4-RD was established
retrospectively after enucleation.’> In two other patients a
short course of prednisone after surgery was sufficient to
achieve complete remission of the disease. Furthermore,
radiotherapy was used in two patients for lymph node
involvement and therapy refractory IgG4-related orbital
disease respectively, causing complete remission in both
cases. The patient with lymphadenopathy developed a
recurrence of the lymphadenopathy with new onset renal
involvement of the disease a couple of years later, for
which the patient started on systemic immunosuppressive
therapy. The other patient is in clinical remission five years
after radiotherapy.

DISCUSSION

In this study we describe the treatment outcomes in 32
IgG4-RD patients with various organ manifestations.
The observations clearly indicate that the treatment of
IgG4-RD can be challenging and must be patient specific.
The current study represents a heterogeneous cohort of
patients with various organ manifestations. As in most
studies, IgG4-RD patients were middle-aged and mostly
men.* However, in a previously published systemic review
we demonstrate that IgG4-RD can also affect children of
all ages.»

Glucocorticoids

Glucocorticoids are commonly initiated as immunosup-
pressive induction therapy. Various types of cells of the
immune system, including B and T-cells and macrophages,
can be affected by glucocorticoids.># Glucocorticoids are
considered the mainstay treatment of IgG4-RD and usually
effective in a dose of o.5-1.0 mg/kg/day, depending on
severity or organ threatening character of the disease
despite the absence of randomized clinical trials.»>23s
In the current study a high response rate is followed
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by swift recurrences after tapering prednisone at levels
corresponding to previous reports.> The high response
rates warrant the use of glucocorticoids as first line
treatment despite the frequent recurrences. Such high
recurrence rates emphasize the need of alternative
steroid-sparing therapy, which has been advocated in many
case series.?? The results in the current study of alternative
treatments are discussed below.

Azathioprine

Azathioprine is frequently used in immune mediated
diseases.3®* Among DMARDs, the use of azathioprine has
been most frequently reported in patients with IgG4-RD,
especially in IgGg4-related pancreatitis.?® According to
the consensus guidance, azathioprine, methotrexate or
mycophenolate mofetil may be initiated as prednisone
sparing therapy in IgG4-RD.?* A recent study of 18 patients
showed therapeutic efficacy for azathioprine in preventing
relapse with IgG4-related pancreatitis.”? Furthermore,
case reports have suggested azathioprine to be effective in
several manifestations such as IgG4-related cholangitis,
IgGy4-related kidney disease and hypophysitis3*4° In the
presented study however, azathioprine appeared effective
in only a minority of cases (8%). The only patient with
a clinical response to azathioprine had inflammatory
pancreatic disease and enlarged lymph nodes.
The remaining 11 patients had disease manifestations
without pancreatic involvement. Therefore azathioprine
may serve as second line therapy for the subgroup of
patients with pancreatic localizations. Remarkably, the
continuation of azathioprine was restricted because of
toxicity in a substantial number of patients. This toxicity is
unfamiliar at such high percentages. It remains of interest
whether this is a disease specific complication. Therefore
the efficacy of azathioprine in IgG4-RD remains unclear.

Methotrexate

Except for two small studies suggesting methotrexate
as a good steroid-sparing drug,*>4 its application in
IgG4-RD has only been described in limited case reports.+*
Methotrexate affects the function of memory T-cells that
produce pro-inflammatory and pro-fibrotic cytokines and is
therefore a drug of interest in the treatment of I[gG4-RD.4
In the current study however, methotrexate does not seem
to be particularly beneficial, despite its low toxicity.

Mycophenolate mofetil

Mycophenolate mofetil selectively inhibits cytotoxic
T-lymphocytes and is being used as an anti-inflammatory
agent. Furthermore, mycophenolate mofetil is related
with anti-fibrotic effects possibly due to inhibition of
the transforming growth factor beta pathway* and can
therefore be a potentially interesting drug in the treatment
of IgG4-RD. Just like the other DMARDSs, mycophenolate

mofetil has not been studied in large cohorts, but has
been reported in case reports.#4® In the current study,
mycophenolate mofetil caused partial remission in
combination with low-dose prednisone in only one of three
patients without toxicity. The use of mycophenolate mofetil
therefore may be evaluated in larger cohorts.

Hydroxychloroquine

Hydroxychloroquine was initially designed as an
antimalarial drug, but because of the accompanying
antirheumatic effects it has become widely used in
rheumatic and autoimmune disease. The exact role
of hydroxychloroquine has not been identified, but it
is believed that it has anti-inflammatory and possibly
also anti-fibrotic effects.#9s' In the current study
hydroxychloroquine was initiated because of its positive
outcomes in other inflammatory diseases like sarcoidosis.s
There are no published reports on hydroxychloroquine
in IgG4-RD, but it is often used in the treatment of
other immune mediated diseases. In our study,
hydroxychloroquine was used in four cases as maintenance
therapy and showed complete response in two patients
(50%). Gastro-intestinal complaints led to withdrawal
of hydroxychloroquine in one patient (25%). Generally,
the drug is not associated with severe adverse effects
except for retinal toxicity at higher doses. The efficacy of
hydroxychloroquine needs to be evaluated in larger cohorts,
but in cases of less severe I[gG4-RD it may be useful.

Cyclophosphamide

Cyclophosphamide has been regarded ineffective in
IgG4-RD5* However, in a recent study cyclophosphamide
yielded a lower relapse rate when combined with
glucocorticoids relative to monotherapy with
glucocorticoids.3>® In the present study three patients
with organ threatening disease were treated with
cyclophosphamide and glucocorticoids, because of relapse
or failure to respond to DMARDs. Patients treated with
cyclophosphamide were those diagnosed with 1gG4-RD
retrospectively. Only one patient achieved a temporarily
complete remission. Use of cyclophosphamide in IgG4-RD
should therefore be restricted to cases where no other

therapy is available in organ threatening disease.

Rituximab

The B-cell ablative chimeric monoclonal antibody
rituximab is an emergent effective treatment strategy for
IgG4-RD." however, large randomized controlled studies
have not yet been performed. Despite the good clinical
response, the relapse rate after treatment with rituximab
is high.2¢ In the current study, clinical remission occurred
in all six patients treated with rituximab (50% complete
response versus 50% partial response). Rituximab
was initiated after failure with DMARDs or relapse
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after prednisone tapering. However, after single dose
treatment with rituximab, the disease recurred in all
patients six months to two years after initiating the
treatment. One of the patients with severe IgG4-related
skin disease is currently treated with rituximab 1000 mg
every six months. Another patient with systemic disease
and recurrence after rituximab is also being treated
with rituximab every six months, a treatment strategy
already used in other diseases such as granulomatosis
with polyangiitis.55 As suggested previously,> rituximab
maintenance treatment is a potentially effective strategy
in patients with relapses. This needs to be investigated in
future studies.

Other therapeutic modalities

Cyclosporine A is a calcineurin inhibitor in which a
decrease in interleukin-2 production and, therefore, T-cell
proliferation is established. Carbajal et al report on a case
of IgGy4 related disease with cardiac involvement which
was refractory on mycophenolate mofetil, azathioprine,
methotrexate, or cyclophosphamide, but in the end
could be treated with prednisone in combination with
cyclosporine.s® Cyclosporine A was used once in our study
without any clinical effect.

Thalidomide has previously been shown to be effective
in two patients with IgGg4-related skin disease.’” Because
of therapy refractory salivary disease due to IgG4-RD,
one patient in our study was successfully treated with
thalidomide. Its mechanism of action is not completely
understood but suppression of TNF-a production is
considered a possibility.s® However, neurological side
effects of thalidomide may lead to discontinuation of
this treatment. Infliximab, a chimeric monoclonal
antibody against TNF-a, has only been reported in one
case report. In our study, one patient was successfully
treated with infliximab after treatment failure with
methotrexate, cyclosporine A and cyclophosphamide.s
Fibrosis, a hallmark of IgG4-RD, has been associated
with overexpression of TNF-a and might be a target for
infliximab and thalidomide.>

Surgery

IgG4-RD mostly presents as tumor-like infiltrations and
can therefore be treated by surgery in certain cases.
Surgical treatment of IgG4-RD often leads to regression
of the disease.®>%* Patients primarily treated with surgical
intervention in our study proved recurrence free after
long-term follow-up. Numbers are small, but they suggest
a favorable outcome, so surgical incision/resection of the
disease should be considered.

Radiotherapy
Radiotherapy has been reported successful in IgG4-RD,%%+
in the current study causing complete remission in

one patient with therapy refractory orbital disease and
another patient with IgG4-related lymphadenopathy. After
a couple of years the patient with lymphadenopathy
developed a recurrence, but the patient with orbital disease
has been in remission for five years now. In this case,
the disease was previously refractory to prednisone and
cyclophosphamide but eventually responded very well to
radiotherapy. Radiotherapy can be considered as a possible
treatment strategy for localized and symptomatic therapy
in refractory IgG4-RD.

CONCLUSION

In this observational study of 32 patients with IgG4-RD, we
demonstrated the different treatment outcomes. The rarity
of the disease and its many different manifestations at the
time of diagnosis make assessing the optimal treatment
into a challenge. This study has some limitations. First of
all, all the data are observational. The choice of treatment
was based on recommendations in the existing literature
and the experience of the prescribing immunologist.
Furthermore, patients in this cohort presented with
IgG4-RD with different organs involved. The treatment
outcome could be different, based on the type of organ
involved. Unfortunately the cohort described in this study
is too small to perform any sub-analyses. Ideally the
choice of treatment would be investigated in a randomized
controlled trial. This is a challenge on account of the rarity
of the disease.

Nevertheless, this study shows that glucocorticoids and
rituximab induce substantial responses, as do primary
surgical intervention and radiotherapy. The efficacy
of DMARDs is limited. Alternative strategies with
hydroxychloroquine, thalidomide and infliximab look
promising. More data are needed to confirm these
observations, so as to arrive eventually at evidence based
treatment guidelines, improving the treatment of patients
with IgG4-RD disease.

RECOMMENDATIONS

The treatment of IgG4-RD is often challenging. Previously
small reports have emphasized the efficacy of DMARDs
in IgG4-RD, which unfortunately we did not observe.
The current consensus guidance however recommends
treatment with DMARDs as a second line treatment
option in IgG4-RD patients. Larger prospective studies are
required to understand the role of DMARDs in IgG4-RD.
Based on current knowledge we recommend the following
treatment strategy in IgG4-RD:

Use the IgG4-RD RI to establish the disease activity and to
monitor the disease activity;

Karim et al. The treatment outcomes in IgG4-related disease.

AUGUST 2018, VOL. 76, NO. 6

283



The Netherlands Journal of Medicine

Check whether there is a treatment indication taking into
account that IgG4-RD almost always requires treatment
because of the likelyhood of secondary complications;
Whenever possible, for example in a patient with single
organ manifestation of the disease, surgery is preferred
because of the favourable disease course with possibly
fewer relapses. Consider a short course of glucocorticoids
after surgery;

Glucocorticoids (usually prednisone o.5-1.0 mg/kg/day or
equivalent) are preferred as first line therapy for I[gG4-RD.
The initial dosage of glucocorticoids should be maintained
for two to four weeks. Thereafter, glucocorticoids can
be tapered slowly. It is recommended to continue using
glucocorticoids for three to six months;

In case of relapse after tapering glucocorticoids, consider
DMARD:s as a second line treatment. In case of severe
disease activity, consider rituximab as second line
treatment;

In case of liver and pancreas manifestation of the disease,
azathioprine should be considered. In case of other organ
manifestations, consider methotrexate, mycophenolate
mofetil or hydroxychloroquine if the (vital) organs are not
threatened. The patients should be monitored frequently in
order to keep tabs on the disease activity and avoid possible
side effects of the DMARDs;

Consider radiotherapy if organs are threatened by the mass
effect of tumor/IgG4-RD;

Rituximab should be started as a third line treatment of
IgG4-RD, or earlier in the treatment course when vital
organs are affected. Consider rituximab maintenance
therapy after induction of 2 grams of rituximab.
Evaluate after a couple of years of treatment whether the
maintenance therapy can be discontinued;

Further treatment options include cyclophosphamide, to be
considered in therapy refractory cases. Rituximab is clearly
preferred over cyclophosphamide. Also In patients with
therapy failure thalidomide may be considered.

DISCLOSURES

All authors declare no conflict of interest. No funding or
financial support was received.

REFERENCES

1. Brito-Zerén P, Bosch X, Ramos-Casals M, Stone JH. 1gG4-related disease:
Advances in the diagnosis and treatment. Best Pract Res Clin Rheumatol.
2016;30:261-78.

Karim F, Clahsen-van Groningen M, van Laar JA. AA Amyloidosis and
1gG4-Related Disease. N Engl | Med. 2017;376:599-600.

3. Xu WL, ng YC, Wang ZK, Deng F. Diagnostic performance of serum 1gG4
level for IgG4-related disease: a meta-analysis. Sci Rep. 2016;6:32035.

20.

21.

22.

23.

24.

25.

Su Y, Sun W, Wang C, et al. Detection of serum 1gG4 levels in
patients with |gG4-related disease and other disorders. PLoS One.
2015;10:€0124233.

Karim AF, Eurelings LEM, van Hagen PM, van Laar JAM. Implications of
elevated C-reactive protein and serum amyloid A levels in 1gG4-related
disease: comment on the article by Perugino et al. Arthritis &
rheumatology (Hoboken, NJ). 2018;70:317-8.

Perugino CA, Mattoo H, Mahajan VS, et al. IgG4-Related Disease: Insights
into human immunology and targeted therapies. Arthritis Rheumatol.
2017;69:1722-32.

Moriyama M, Nakamura S. Th1/Th2 Immune Balance and Other T Helper
Subsets in IgG4-Related Disease. Curr Top Microbiol Immunol. 2016.

Lighaam LC, Vermeulen E, Bleker T, et al. Phenotypic differences between
1gG4+ and IgGi+ B cells point to distinct regulation of the 1gG4 response.
) Allergy Clin Immunol. 2014;133:267-70 e1-6.

Heeringa JJ, Karim AF, van Laar JAM, et al. Expansion of blood IgG4+ B
cells, Th2 and T Regulatory cells in IgG4-related disease. | Allergy Clin
Immunol. 2017.

. Wallace ZS, Mattoo H, Carruthers M, et al. Plasmablasts as a biomarker

for 1gG4-related disease, independent of serum IgG4 concentrations.
Ann Rheum Dis. 2015;74:190-5.

Perugino CA, Mattoo H, Mahajan VS, et al. Emerging Treatment
Models in Rheumatology: 1gG4-Related Disease: Insights Into
Human Immunology and Targeted Therapies. Arthritis Rheum.
2017;69(9):1722-32.

Mattoo H, Mahajan VS, Della-Torre E, et al. De novo oligoclonal
expansions of circulating plasmablasts in active and relapsing
1gG4-related disease. | Allergy Clin Immunol. 2014;134:679-87.

Mattoo H, Mahajan VS, Maehara T, et al. Clonal expansion of CD4(+)
cytotoxic T lymphocytes in patients with 1gG4-related disease. | Allergy
Clin Immunol. 2016;138:825-38.

. Akiyama M, Suzuki K, Yamaoka K, et al. Number of Circulating Follicular

Helper 2 T Cells Correlates With 1gG4 and Interleukin-4 Levels and
Plasmablast Numbers in 1gG4-Related Disease. Arthritis Rheumatol.
2015;67:2476-81.

Kanari H, Kagami S, Kashiwakuma D, et al. Role of Th2 cells in
1gG4-related lacrimal gland enlargement. Int Arch Allergy Immunol.
2010;152 Suppl 1:47-53.

. Saito Y, Kagami S, Kawashima S, et al. Roles of CRTH2+ CD4+ T cells in

immunoglobulin G4-related lacrimal gland enlargement. Int Arch Allergy
Immunol. 2012;158 Suppl 1:42-6.

Takeuchi M, Sato Y, Ohno K, et al. T helper 2 and regulatory T-cell cytokine
production by mast cells: a key factor in the pathogenesis of IgG4-related
disease. Mod Pathol. 2014;27:1126-36.

. Mattoo H, Della-Torre E, Mahajan VS, Stone JH, Pillai S. Circulating Th2

memory cells in IgG4-related disease are restricted to a defined subset of
subjects with atopy. Allergy. 2014;69:399-402.

. Capecchi R, Italiani P, Puxeddu |, Pratesi F, Tavoni A, Boraschi D, et al. IL-1

family cytokines and receptors in IgG4-related disease. Cytokine. 2017.

Maehara T, Mattoo H, Ohta M, et al. Lesional CD4+ IFN-gamma+
cytotoxic T lymphocytes in 1gG4-related dacryoadenitis and sialoadenitis.
Ann Rheum Dis. 2017;76:377-85.

Karim AF, Verdijk RM, Guenoun |, van Hagen PM, van Laar JAM.
An inflammatory condition with different faces: Immunoglobulin
G4-Related disease. Neth ) Med. 2016;74:110-5.

Khosroshahi A, Wallace ZS, Crowe JL, et al. International Consensus
Guidance Statement on the Management and Treatment of IgG4-Related
Disease. Arthritis Rheumatol. 2015;67:1688-99.

Kamisawa T, Zen Y, Pillai S, Stone JH. 1gG4-related disease. Lancet.
2015;385:1460-71.

Gu W), Zhang Q, Zhu J, Li J, Wei SH, Mu YM. Rituximab was used to treat
recurrent IgG4-related hypophysitis with ophthalmopathy as the initial
presentation: A case report and literature review. Medicine (Baltimore).
2017;96:€6934.

Yamamoto M, Awakawa T, Takahashi H. Is rituximab effective for

1gG4-related disease in the long term? Experience of cases treated with
rituximab for 4 years. Ann Rheum Dis. 2015;74:€46.

Karim et al. The treatment outcomes in IgG4-related disease.

AUGUST 2018, VOL. 76, NO. 6

284



26.

27.

28.

29.

30.

32.

33

34.

35-

36.

37-

38.

39-

40.

41.

42.

4.

44.

The Netherlands Journal of Medicine

Ebbo M, Grados A, Samson M, et al. Long-term efficacy and safety of
rituximab in 1gG4-related disease: Data from a French nationwide study
of thirty-three patients. PLoS One. 2017;12:€0183844.

Deshpande V, Zen Y, Chan JKC, Yi EE, Sato Y. Consensus statement on
the pathology of IgG4-related disease. Mod Pathol. 2012;25:1181-92.

Carruthers MN, Stone JH, Deshpande V, Khosroshahi A. Development of
an 1gG4-RD Responder Index. Int ] Rheumatol. 2012;2012:259408.

Campochiaro C, Ramirez GA, Bozzolo EP, et al. IgG4-related disease in
Italy: Clinical features and outcomes of a large cohort of patients. Scand
) Rheumatol. 2016;45:135-45.

Yunyun F, Yu C, Panpan Z, et al. Efficacy of Cyclophosphamide treatment
for immunoglobulin G4-related disease with addition of glucocorticoids.
Sci Rep. 2017;7:6195.

Karim F, Paridaens D, Westenberg LEH, et al. Infliximab for IgG4-Related
Orbital Disease. Ophthal Plast Reconstr Surg. 2017;33:5162-S5.

Karim AF, Verdijk RM, Nagtegaal AP, et al. Letter to the Editor (Case
report) To distinguish IgGg4-related disease from seronegative
granulomatosis with polyangiitis. Rheumatology (Oxford). 2017.

Karim F, Loeffen |, Bramer W, et al. 1gG4-related disease: a systematic
review of this unrecognized disease in pediatrics. Pediatr Rheumatol
Online J. 2016;14:18.

Zielinska KA, Van Moortel L, Opdenakker G, De Bosscher K, Van den
Steen PE. Endothelial Response to Glucocorticoids in Inflammatory
Diseases. Front Immunol. 2016;7:592.

Perugino CA, Mattoo H, Mahajan VS, et al. Emerging Treatment
Models in Rheumatology: 1gG4-Related Disease: Insights Into
Human Immunology and Targeted Therapies. Arthritis Rheumatol.
2017;69:1722-32.

Meijer B, Mulder CJ, van Bodegraven AA, de Boer NK. How | treat
my inflammatory bowel disease-patients with thiopurines? World |
Gastrointest Pharmacol Ther. 2016;7:524-30.

de Pretis N, Amodio A, Bernardoni L, et al. Azathioprine Maintenance
Therapy to Prevent Relapses in Autoimmune Pancreatitis. Clin Transl|
Gastroenterol. 2017;8:e90.

Pozdzik AA, Brochériou |, Demetter P, et al. Azathioprine as successful
maintenance therapy in 1gG4-related tubulointerstitial nephritis. CK] Clin
Kidney J. 2012;5:225-8.

Rudmik L, Trpkov K, Nash C, et al. Autoimmune pancreatitis associated
with renal lesions mimicking metastatic tumours. CMA). 2006;175:367-9.

Caputo C, Bazargan A, McKelvie PA, Sutherland T, Su CS, Inder W/.
Hypophysitis due to 1gG4-related disease responding to treatment
with azathioprine: An alternative to corticosteroid therapy. Pituitary.
2014;17:251-6.

Della-Torre E, Campochiaro C, Bozzolo EP, et al. Methotrexate for
maintenance of remission in IgG4-related disease. Rheumatology.
2015;54:1934-6.

Berkowitz E, Arnon E, Yaakobi A, Cohen Y, Tiosano B. IgG4-Related
Disease Presenting as Isolated Scleritis. Case Rep Ophthalmol Med.
2017;2017:4876587.

Hashkes PJ, Becker ML, Cabral DA, et al. Methotrexate: new uses for an
old drug. ) Pediatr. 2014;164:231-6.

Petrova DT, Brandhorst G, Koch C, et al. Mycophenolic acid reverses
TGF beta-induced cell motility, collagen matrix contraction and cell
morphology in vitro. Cell Biochem Funct. 2015;33:503-8.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57-

58.

59-

60.

61.

62.

63.

64.

Droz NC, Mathew SD. A Case of Idiopathic Retroperitoneal Fibrosis
Associated With Sjogren’s Syndrome. Mil Med. 2016;181:e1407-e9.

Beltrame RC, Friderichs M, Fior BR, et al. Acute tubulointerstitial nephritis
with severe renal impairment associated with multisystem 1gG4-related
disease. ) Bras Nefrol. 2016;38:374-8.

Moss HE, Mejico L), De La Roza G, Coyne TM, Galetta SL, Liu GT.
1gG4-related inflammatory pseudotumor of the central nervous system
responsive to mycophenolate mofetil. ] Neurol Sci. 2012;318:31-5.

Shah K, Tran AN, Magro CM, Zang |B. Treatment of Kimura disease with
mycophenolate mofetil monotherapy. JAAD Case Rep. 2017;3:416-9.

Muller-Calleja N, Manukyan D, Canisius A, Strand D, Lackner K].
Hydroxychloroquine inhibits proinflammatory signalling pathways by
targeting endosomal NADPH oxidase. Ann Rheum Dis. 2016.

Browning DJ. Hydroxychloroquine and chloroquine retinopathy: screening
for drug toxicity. Am | Ophthalmol. 2002;133:649-56.

Oikarinen A. Hydroxychloroquine induces autophagic cell death of human
dermal fibroblasts: implications for treating fibrotic skin diseases. | Invest
Dermatol. 2009;129:2333-5.

Baughman RP, Lower EE. Medical therapy of sarcoidosis. Seminars in
respiratory and critical care medicine. 2014;35:391-406.

Latasiewicz M, Gourier H, Yusuf IH, Lugmani R, Sharma SM, Downes SM.
Hydroxychloroquine retinopathy: an emerging problem. Eye (Lond). 2017.

Chen LY, Wong PC, Noda S, Collins DR, Sreenivasan GM, Coupland
RC. Polyclonal hyperviscosity syndrome in 1gG4-related disease and
associated conditions. Clin Case Rep. 2015;3:217-26.

Hassan RI, Gaffo AL. Rituximab in ANCA-Associated Vasculitis. Curr
Rheumatol Rep. 2017;19:6.

Carbajal H, Waters L, Popovich ], et al. 1gG4 related cardiac disease.
Methodist Debakey Cardiovasc |. 2013;9:230-2.

Ingen-Housz-Oro S, Ortonne N, Elhai M, Allanore Y, Aucouturier
P, Chosidow O. IgGg-related skin disease successfully treated by
thalidomide: A report of 2 cases with emphasis on pathological aspects.
JAMA Dermatol. 2013;149:742-7.

Dong X, Li X, Li M, Chen M, Fan Q, Wei W. Inhibitory effects of
thalidomide on bleomycin-induced pulmonary fibrosis in rats via
regulation of thioredoxin reductase and inflammations. Am | Trans| Res.
2017;9:4390-401.

Karim F, Paridaens D, Westenberg LE, et al. Infliximab for 1gG4-Related
Orbital Disease. Ophthal Plast Reconstr Surg. 2016;33:5162-5.

Rungsakulkij N, Sornmayura P, Tannaphai P. Isolated IgG4-related
sclerosing cholangitis misdiagnosed as malignancy in an area with
endemic cholangiocarcinoma: a case report. BMC Surg. 2017;17:17.

Okubo T, Oyamada Y, Kawada M, Kawarada Y, Kitashiro S, Okushiba S.
Immunoglobulin G4-related disease presenting as a pulmonary nodule
with an irregular margin. Respirol Case Rep. 2017;5:600208.

Bulanov D, Arabadzhieva E, Bonev S, et al. A rare case of IgG4-related
disease: a gastric mass, associated with regional lymphadenopathy.
BMC Surg. 2016;16:37.

Sa HS, Lee JH, Woo KI, Kim YD. IgG4-related disease in idiopathic
sclerosing orbital inflammation. Br ) Ophthalmol. 2015;99:1493-7.

Chen TS, Figueira E, Lau OC, et al. Successful “medical” orbital
decompression with adjunctive rituximab for severe visual loss in
1gG4-related orbital inflammatory disease with orbital myositis. Ophthal
Plast Reconstr Surg. 2014;30:€122-5.

Karim et al. The treatment outcomes in IgG4-related disease.

AUGUST 2018, VOL. 76, NO. 6

285



