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Abstract: Objective: To clarify the therapy response in orbital inflammatory diseases (OID), we
analyzed the treatment effects of steroid therapy, the use of disease-modifying antirheumatic drugs
(DMARDS), and biologicals in our tertiary referral center cohort. Methods: We collected the clinical
and demographic data of all patients treated for non-specific orbital inflammation (NSOI) (n = 111)
and IgG4-ROD (n = 13), respectively at our center from 2008 to 2020 and analyzed them with descrip-
tive statistics. NSOI were sub-grouped according to the location into either idiopathic dacryoadenitis
(DAs) (n = 78) or typical idiopathic orbital myositis (n = 32). Results: Mean age at first clinical manifes-
tation was significantly different between subgroups (IOI: 49.5 ± 18, IgG4-ROD: 63.2 ± 14, p = 0.0171).
Among all examined OID, 63 patients (50%) achieved full remission (FR) with corticosteroids (NSOI
53%/IgG4-ROD 31%). In contrast, classic myositis showed a significantly higher response (76%).
Disease-modifying drugs (DMARDS) for myositis accomplished only 33% FR (NSOI 57%) and 66%
did not respond sufficiently (NSOI 43%). The biologic agent (Rituximab) was significantly more
efficient: 19 of 23 patients (82%) achieved full remission and only 4 (17%) did not respond fully and
needed orbital irradiation or orbital decompressive surgery.

Keywords: NSOI; IgG4-ROD; OID; inflammation; biologicals; steroids; myositis; dacryoadenitis;
lacrimal gland

1. Introduction

Orbital inflammatory diseases (OID) encompass a wide range of pathologies, in-
cluding isolated diseases such as IgG4-related orbital disease (IgG4-ROD), non-specific
orbital inflammation (NSOI, formerly orbital pseudotumor), and manifestations of sys-
temic diseases such as the most common thyroid eye disease (TED), granulomatosis with
polyangiitis (GPA), Sjögren syndrome (SjS), and sarcoidosis [1–4], among others. They can
affect any tissue of the orbit focally or diffusely, with presentations ranging from abrupt to
insidious onset. Symptoms vary depending on the affected tissues, but typically include
pain, proptosis, periorbital edema and erythema, impaired motility, and consequently
diplopia in most cases, and sometimes decreased visual acuity [1,3,5]. Differential diagno-
sis includes isolated and systemic autoimmune diseases, lymphoproliferative diseases, and
infectious diseases [6,7]. Therefore, an extensive laboratory and imaging workup, including
autoimmune markers, is recommended [1,8,9]. Some specific autoimmune conditions can
be identified in this way (TED, GPA, classical ocular myositis). However, in all other cases,
diagnosis relies mostly on histopathological findings after orbital biopsy [10]. In the future,
advances in MRI technology and AI-based diagnostics might overcome this hurdle [11].
Despite all advances, NSOI remains an exclusion diagnosis [1]. Classical myositis is usually
treated with corticosteroids without performing a biopsy first [1,12]. Dose regimens vary
due to the lack of an international or European guideline (20–80 mg/day or 1 mg/kg body
weight per day, tapered) [9]. Typical myositis subsides under treatment within 2–3 days.
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In contrast, treatment of NSOI and IgG4-ROD is challenging. Some patients respond
very well to (a) systemic steroid therapy, while others need multiple cycles and (b) addi-
tional immunosuppressive agents (DMARDs) as maintenance therapy to prevent relapses
and achieve a stable state; however, if still not responsive to therapy (c) biologicals can
be applied usually in cases with recalcitrant nonspecific orbital inflammation. Some even
require (d) irradiation or debulking surgery [1,13]. Patients might be spared unnecessary
recurrences if treated early with effective immunosuppressive treatments, but currently,
predictive factors are still missing [14–16]. Immunosuppressive Agents (DMARDs) are
beneficial for patients with non-responsiveness or recurrence post-corticosteroid therapy:
Methotrexate; Cyclosporin-A; Mycophenolate mofetil (MMF); Cyclophosphamide, Sul-
fasalazine, and Azathioprine (AZA) [17,18]. Since IgG4-ROD shows a high relapse rate
of about 50% [19,20], MTX, AZA, MMF, Infliximab, Cyclophosphamide, and Rituximab
(RTX) should be considered early for effective treatment [21]. Biologicals such as RTX
seem to be most effective for IgG4-ROD, with up to 94% remission in a recent review [22].
Comparable results have also been achieved in NSOI patients [23]. Alternatively, MTX,
MMF, tocilizumab, infliximab, and adalimumab can be used for NSOI [1,24]. Unfortunately,
only a few small randomized controlled trials are available for NSOI and IgG4-ROD. Thus,
most treatments are ‘off-label’ and financial coverage needs to be applied for with health
insurance companies. Only GPA patients benefit from the approval of the EMA for RTX
in 2013, and long-term data are available [25]. Therefore, we aimed to analyze our ter-
tiary referral center cohort of patients with NSOI and IgG4-ROD for treatment effects in
terms of stable disease and possible clinical predictors for the effectiveness of the different
therapeutic modalities.

2. Patients and Methods
2.1. Study Population

We identified 127 patients with typical clinical course and certain diagnoses for NSOI
(n = 114), and IgG4-ROD (n = 13) from our patient database comprised of patient records
between 2008 and 2020. NSOI were sub-grouped into either typical idiopathic dacryoad-
enitis (idiopathic DAs) (n = 78) or idiopathic orbital myositis (n = 32). The study was
performed under adherence to the ethical foundations of the Declaration of Helsinki and
was approved by the Ethics Commission of the University of Essen (11-4822-B0). Diagnosis
of NSOI and IgG4-ROD were based on clinical, flow cytometric, and histological (including
immunostaining) examinations. IgG4-ROD was diagnosed in accordance with the pub-
lished 2020 revised comprehensive diagnostic (RCD) criteria [26]. Briefly, IgG4-ROD was
diagnosed in the presence of (1) one or more organs showing diffuse or localized swelling
or a mass or nodule characteristic of IgG4-RD. In single-organ involvement, lymph node
swelling is omitted. (2) Serum IgG4 levels greater than 135 mg/dL. (3) Positivity for two of
the following three criteria: (a) dense lymphocyte and plasma cell infiltration with fibrosis;
(b) ratio of IgG4-positive plasma cells/IgG-positive cells greater than 40% and the number
of IgG4-positive plasma cells greater than 10 per high-powered field; and (c) typical tissue
fibrosis, particularly storiform fibrosis, or obliterative phlebitis.

Patients who fulfilled all 3 criteria were considered as definitive IgG4-RD. Patients
with (1) and (2) or (1) and (3) were regarded as definitive IgG4-RD if they fulfill the organ-
specific criteria for IgG4-RD. Cases that did not meet the inclusion criteria or had incomplete
datasets (loss to follow-up) were excluded.

2.2. Statistical Evaluation

To analyze metric data, median values (x~) and range or mean and standard deviation
(SD) were computed. A student’s t-test (two-tailed) was used to assess differences between
groups if the D’Agostino–Pearson omnibus normality test indicated normal distribution;
otherwise, the Mann–Whitney Test was used. Fisher’s exact test was used to examine
group distributions of binary variables. For the comparison of ordinal variables and factors
with more than two groups, either the Kruskal–Wallis test (non-parametric) or ANOVA



J. Clin. Med. 2024, 13, 3998 3 of 12

(parametric) were used to detect group differences. All calculations were performed with
SPSS (IBM SPSS Statistics, Chicago, IL, USA, Version 22.0.0,) and Graph Pad Prism (Prism
9 for Windows, Software Inc., San Diego, CA, USA, Version 9.0.0). p-values are given
descriptively without α-adjustment for multiple testing.

2.3. Clinical Data Collection

General information was collected from the medical records database at baseline and
follow-up examinations, including age, gender, affected eye, symptoms, previous history
(including previous glucocorticoid therapy prior to referral), clinical manifestations, serum
blood results, imaging findings, immunohistochemical indicators, and given treatments.
Pathological diagnosis was confirmed by a minimum of two pathologists. If histopatho-
logical diagnosis was uncertain a tertiary referral pathologist of an independent center
was consulted.

2.4. Imaging and Biopsy

Prior to biopsy, all patients received an orbital imaging modality. Magnetic resonance
imaging (MRI) and/or computed tomography (CT), were obtained and evaluated by
neuroradiologists. A biopsy of the lesions was performed when it was considered necessary
to confirm the diagnosis. If extra-ophthalmic manifestation was suspected, systemic
imaging was performed.

2.5. Treatment Protocol
2.5.1. Glucocorticosteroids (GC)

The GC-tapering regimen varied. Depending on the severity of the NSOI ranging GC
pulse was started with a dose between 0.75 mg prednisolone/Kg Bodyweight and 1.5 mg
prednisolone/Kg Bodyweight and tapered off slowly over weeks.

2.5.2. DMARDs

Therapy was only commenced after ruling out contraindications e.g., lymphopenia,
systemic severe infections, latent tuberculosis (TBC), uncontrolled cardiac disease, and
pregnancy. In addition, the vaccination status was optimized.

Mycophenolate Mofetil

Mycophenolate Mofetil was given at a dose of 2 × 360 mg per day, orally. The
recommendation was given for separate doses per day taken with meals to improve
gastrointestinal tolerance. Mycophenolate leads to a relatively selective inhibition of DNA
replication in T- and B-cells.

Methotrexate

Methotrexate was initiated at the same time as Corticosteroids at a dose of 15–20 mg
per week, orally or preferably subcutaneously, along with folic acid supplementation. The
drug inhibits dihydrofolate reductase and suppresses both B- and T-cells.

Cyclophosphamide

Cyclophosphamide was given at a dose of 15 mg/kg as pulse therapy over two to
four cycles or as an oral continuous therapy at 2 mg/kg/d. Its cytotoxic effect is mainly due
to cross-linking of DNA strands (alkylating agent), therefore inhibiting protein synthesis.

Cyclosporin A

Cyclosporin A was given was given to patients at a starting dose of 4 mg/kg/day and
tapered to 2 mg/kg/day. The drug suppresses lymphocyte-mediated responses, inhibits T
cells, and decreases the production of IL-1 and IL-2.
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Azathioprine

Azathioprine was given was given to patients in a dose of 2–3 mg/kg/day. It is an
antagonist of purines, resulting in the inhibition of DNA, RNA, and protein synthesis.

Sulfasalazine

Sulfasalazine exerts its anti-inflammatory effects through multiple mechanisms. Pro-
posed mechanisms of action: inhibition of the transcription factor nuclear factor kappa-B
(NF-kB), which leads to the suppression of NF-kB responsive pro-inflammatory genes,
including TNF-α. Additionally, sulfasalazine induces caspase 8-induced apoptosis in
macrophages, thereby inhibiting TNF-α expression.

2.5.3. Biologicals
Rituximab (CD-20 Inhibitor)

RTX is a monoclonal antibody that targets the CD20 antigen found on the surface of
B cells. The working principle of rituximab involves: 1. Depletion of B Cells: Rituximab
binds to the CD20 antigen on the surface of B cells, leading to the destruction of these
cells. 2. Modulation of Immune Response: By targeting B cells, rituximab can modulate
the immune response. 3. Impact on Autoimmune Diseases: In autoimmune diseases,
B-cells play a role in the production of autoantibodies and the presentation of autoanti-
gens. Rituximab’s ability to deplete B cells can help in reducing autoantibody levels and
suppressing the autoimmune response. It was given as an off-label treatment to patients.
Rituximab was given as 2 intravenous doses of (500 mg to 1 g) 2 weeks apart in addition to
standard treatment.

Treatment Outcome

We defined therapy response to corticosteroids as follows:

• Full Remission: Patients who responded to corticosteroids over a maximum of
two courses with a remission of clinical symptoms and pain without a recurrence over
the observed time of this study;

• Partial Remission: Patients that responded initially to corticosteroids with a remission
of clinical symptoms, but needed a second immunosuppressive agent (DMARDs or
Biologicals) due to incomplete response recurrence dosage >10 mg.

We defined therapy response to steroids in combination with DMARDS as follows:

• Full Remission: Patients that responded to a combination of corticosteroids (maximum
7.5 mg/day) with DMARDS, without a recurrence over the observed time of this study;

• Partial Remission: Patients that responded initially to a combination of higher-dosed
corticosteroids with DMARDS with a remission of clinical symptoms but needed
treatment with Biologicals due to incomplete response or recurrence of disease with
steroids >10 mg.

We defined therapy response to biologicals as follows:

• Full Remission: Patients that responded to a combination of corticosteroids (maximum
7.5 mg/day) with biologicals without a recurrence over the observed time of this study;

• Partial Remission: Patients that did not respond sufficiently to treatment with biologi-
cals and corticosteroids (>7.5 mg/day).

3. Results
3.1. Study Population and Characteristics of OID

The 124 patients ranged in age from 9 to 91 years (mean 51.9 years); 55 were male, and
69 were female. Observed age as well as sex predilection was different between observed
entities, p = 0.04 and p = 0.03, respectively (Table 1). The left eye was affected in 55 patients,
the right eye in 58 patients, and both eyes in 11 patients. In 78 out of 127 (62%) cases, a
biopsy was performed in our institution to confirm the diagnosis in addition to clinical
presentation. Forty cases were treated without a biopsy. The remaining 14 patients had
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external biopsies, a clear diagnosis due to a diagnosed systemic disease, or refused to
undergo surgery due to comorbidities. Idiopathic DAs were more likely to be biopsied
p < 0.0001 (Table 1).

Table 1. Population characteristics in our index population stratified for each disease entity and
subtype of disease.

All OIDs Myositis Idiopathic DA
n = 79

IgG4-ROD
n = 13 p

Age 51.9 ± 17.76 49.26 ± 16.08 49.67 ± 18.7 63 ± 13.83 0.0492 a

Unilateral manifestation 113 (91.2%) 28 72 13 0.42 b

Male sex 55 (44.3%) 12 38 5 0.0392 b

Biopsy 84 (67.74%) 7 64 13 0.0001 b

Unless otherwise stated, data are means ± SD or are proportions (%) or counts a: Welch ANOVA test. b: Kruskal–
Wallis test.

The median duration of time between first clinical presentation and biopsy was
6.9 ± 5 months. The patients presented with a range of signs and symptoms. A swelling/
mass was the most common presentation other than proptosis, pain, extraocular muscle
restriction, diplopia, ptosis, and decreased vision (Table 2).

Table 2. Clinical symptoms present in our index population stratified for each disease entity and
subtype of disease.

Entity Eyelid
Swelling Proptosis Limited Eye

Movement Visual Loss Diplopia Orbital Pain

Myositis n = 32 23 (72%) 8 (25%) 15 (47%) 8 (25%) 13 (41%) 26 (81%)
idiopathic DAs n = 79 53 (67%) 53 (67%) 44 (56%) 31 (39%) 50 (63%) 64 (81%)

IgG4-ROD n = 13 8 (62%) 8 (62) 7 (54%) 8 (62%) 5 (38%) 6 (46%)

3.2. Therapy Response
3.2.1. Classical Myositis

Response to corticosteroids was very high in classical myositis when compared to the
overall study population (Figure 1): Most patients (78%) achieved remission after a maximum
of two corticosteroid courses (Table 3). Two patients achieved remission after GC + DMARDS,
but four patients needed treatment with RTX. All four unresponsive cases to DMARDs
were biopsied to rule out malignancies before therapy with RTX. Despite all treatments,
2/32 patients only responded partially and were therefore subjected to radiation therapy. One
patient who responded initially while being treated with RTX, but who diseased before the
remission of clinical symptoms could be achieved, was counted as partial remission.
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Figure 1. Treatment efficacy in Myositis cases. Blue bars show patient flow between cohorts; 25/32
achieved remission after a maximum of two corticosteroid courses, 8/25 (32%) being male patients.
Five patients were subjected to GC + DMARDs, of whom two patients achieved remission. Four
patients treated with GC + DMARDs needed treatment with RTX to achieve remission.
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Table 3. Clinical remission after treatment in our index population stratified for each disease entity and
subtype of treatment. Stated data are proportions (%). a: Fisher’s exact test in glucocorticoids vs. group.

All Remission after Treatment No Remission p

Myositis 32 30 2
Glucocorticoids 32 (78%) 25 (22%) 7
DMARDs 6 (33.3%) 2 (66.7%) 4 0.046 a

Biologicals 4 (75%) 3 (25%) 1 1 a

Idiopathic DAs 78 61 17
Glucocorticoids 78 (42%) 33 (58%) 43
DMARDs 24 (62.5%) 15 (37.5%) 9 0.3571 a

Biologicals 12 (92%) 11 (8%) 1 0.0035 a

IgG4-ROD 13 10 3
Glucocorticoids 13 (30%) 4 (70%) 9
DMARDs 1 (100%)1 0 0.357 a

Biologicals 7 (71%) 5 (19%) 2 0.15 a

3.2.2. Treatment Efficacy in Dacryoadenitis

After treatment with corticosteroids, inactive disease was achieved in 42% of 78 pa-
tients with DA (Figure 2). GC + DMARDS (Cyclophosphamides, Azathioprine, MTX, and
Cyclosporin A) were applied in 24/78 cases. Of these, 63% of patients achieved inactive
disease. MTX (15 mg/week subcutaneous; in single cases 20 mg/week for 4–40 months)
was used as monotherapy in 14/24 cases. Both Cyclophosphamide (1 g/4-courses) and
Mycophenolate monotherapy (350–750 mg/day for 6–36 months) were noted in 2/24 cases
(1 g over 2–3 courses/(750 mg/day)). Azathioprine (150 mg–200 mg/day for 4 months)
and Cyclosporin (4–2 mg/kg bodyweight/day for 2 months) were used in one case, respec-
tively. The therapy regimen MTX + Azathioprine (15–20 mg/weekly + 150–200 mg/day
for 4–40 months), MTX + MMF (20 mg/day + 500 mg/day for 24 months), or MTX + Sul-
fasalazine (20 mg/day + 500 mg/day for 36 months) was noted in 6/24 cases. Insufficient
response to DMARDs and therapeutic switch to a biological (Rituximab) was necessary
in 6/24 cases. Complete therapeutic switch to biologicals (Rituximab) due to insufficient
response to Corticosteroids while organ-threatening orbital disease was observed was
necessary in 7.6% (6/78) of cases. Biologicals (Rituximab) were applied in 12 DA patients.
Here, full remission was achieved in 91% (11/12), of which one patient showed only
partial response despite all treatments. Altogether 17/78 (24%) patients responded only
partially despite all treatments. Here, (10/17) were treated with radiation therapy of which
7 received additional surgical decompression. In all 14/17 patients were surgically decom-
pressed due to organ-threatening behavior of the orbital mass. Supplemental Figure S1
demonstrates the time of relapse under DMARD vs. GC therapy. In patients with recurrent
DAs, the interval between the Inflammatory episode and the recurrence under therapy was
shorter in GC (86% relapse-free survival in DMARDs vs. 64% relapse-free survival in GC
after 2 months of treatment).

3.2.3. IgG4-ROD

The initial response to corticosteroids was 100%. However, 69% of patients relapsed
when corticosteroids were tapered (prednisolone 7.5 mg, Figure 3). One relapsed patient
received DMARDS (Mycophenolate 750 mg for 3 years) monotherapy, which achieved
remission. Rituximab was given to the other seven relapsed patients and achieved remission
in 71%. Decompressive surgery was necessary in three patients due to insufficient response
despite all treatments.
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Figure 2. Definitive therapy in the examined DAs. GC achieved remission in 42%, and DMARDS
(Cyclophosphamid, Azathioprin, MTX, or Cyclosporin A) achieved remission in 62.5%. Remission
was achieved with Rituximab in 91%. Blue bars show patient flow between cohorts; Despite all
treatments, 19/78 patients could not achieve remission (24%). A biopsy to rule out malignancies
(e.g., Lymphoma) was performed in all patients treated with DMARDs, Biologicals, as well as
nonresponsive recalcitrant DAs. In total, 64/79 DAs were biopsied.
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Figure 3. Response to all therapies in examined IgG4-ROD cases. Blue bars show patient flow between
cohorts; 9/13 patients relapsed when corticosteroids were tapered and were therefore subjected to
other therapies. One relapsed patient received DMARDS monotherapy, which achieved remission.
Rituximab was given to the other seven relapsed patients and achieved remission in 5/7 cases;
3/13 patients were subjected to decompressive surgery in organ-threatening disease manifestations.

4. Discussion

The results of this retrospective analysis of patient data from 124 patients with NSOI
(DA and Myositis) and IgG4 from our tertiary referral center showed significantly different
treatment outcomes, depending on the disease entity and localization. Whereas orbital
myositis mostly showed promising remission with GC monotherapy, idiopathic dacryoad-
enitis showed a much higher relapse rate and demanded second-line treatments, such as
DMARDs and biologicals. Unlike other organ manifestations, which seem to respond well
to GC monotherapy, our small group of isolated IgG4-ROD needed second-line therapies
in two-thirds of the patients and even surgery to avoid dramatic consequences for the
visual function.

4.1. Treatment of NSOI

First-line treatment for NSOI remains high-dose corticosteroids, tapered off slowly
over months. Often the tapering is carried out too quickly, resulting in a “relapse”, which is
more an improper treatment of the orbital inflammation. GCs come with the perks of being
affordable, easily accessible, and quite effective in addressing NSOIs. In patients that show
positive responses to the drug, complaints, and especially pain start to diminish quickly.
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4.1.1. Myositis

There are no well-designed, randomized controlled clinical trials for the treatment
of myositis, and most publications are small, retrospective case studies. NSAIDs have
been used in the past, though GCs are still first-line therapy, and currently colleagues have
reported increased use of DMARDs (Supplemental Table S1 includes several publications
with myositis cases). GCs were reported to be effective in 60–74% of cases. DMARDs
(Azathioprine and MTX) have been reported effective in 60–80%, but have only been
administered in a few cases (seven cases in total). Biologicals have been reported to be
effective in irresponsive cases with multiple relapses. This was also true in our study
cohort, which points out the positive effect of Biologicals (RTX) in relapsing myositis cases.
In addition, the biological TNF-alpha (Infliximab) has been reported effective in chronic
orbital myositis [27] with promising results (71% remission). However, due to small patient
numbers, further studies of this agent for recurring orbital myositis cases are needed. To
the best of our knowledge, our study is the first study with the largest patient cohort
illustrating detailed therapy responses to each medication.

4.1.2. Dacryoadenitis

The observed response rate was quite low in GC monotherapy with only 42%. This is
in accordance with previous literature reporting an estimate of 20% to 60% recurrence in
patients with dacryoadenitis (Supplemental Table S2) [10,28,29]. Due to this low remission
rate for idiopathic DAs, an additional immunosuppressive agent (DMARD) is recom-
mended and therapeutic preparation (e.g., blood examination to rule out contraindications)
should be performed very early [24,30]. The side-effect profile of long-term corticosteroids,
includes adrenal insufficiency, cataract, osteoporosis, psychosis, diabetes, and gastroin-
testinal disorders and should not be underestimated [31]. Typical DMARD medication
includes cyclosporine-A, methotrexate, cyclophosphamide, tacrolimus, azathioprine, and
mycophenolate mofetil [32–34]. The patient number per specific DMARD was rather low,
which is why further studies are needed to elucidate the response to the monotherapies.
Methotrexate is the most used steroid-sparing immunomodulating agent for the manage-
ment of orbital inflammation, most probably due to its low risk/benefit ratio. Side effects
include fatigue, hair loss, gastrointestinal disturbance, and elevated liver enzymes [35]. Sup-
plementing dietary folate and regular monitoring of liver enzymes are needed to minimize
these adverse effects is recommended.

Monoclonal antibodies have now been highlighted as novel immunomodulating
agents. These biologic drugs are highly specific and have proven to be superior to conven-
tional immunosuppressive drugs regarding their efficacy and safety for specific indications
in more common autoimmune diseases. We analyzed 12 cases with Rituximab and could
show its effectiveness as a second-line treatment (90% remission). This is in line with previ-
ously published results [14,23]. The excellent response compared to other DMARDs should
lead to an early consideration of RTX. Recurring autoantibodies in patients who present
with NSOI, in combination with its association with immunological inflammatory disorders,
e.g., Crohn’s disease, rheumatoid arthritis, diabetes mellitus, systemic lupus erythemato-
sus, hints at an underlying autoimmune process [36]. Some authors even suggest RTX as
first-line therapy in idiopathic DAs, since patients often show complete remission after one
cycle, preventing fibrosis in adipose tissue and complicated courses [16,23]. TNF-alpha
blockers have been reported effective in the treatment of irresponsive, relapsing NSOI [37].
Our study also points out the efficacy of success over time when observing relapse-free
survival (Supplemental Figure S1). Altogether, both therapy success and observed relapse-
free survival are proving a more efficient therapy in DMARDs and biologicals compared
to GC monotherapy. Relapsing drug-resistant cases were observed in 17 cases for our
examined DA cohort. For these patients, only radiation and surgery remain, especially in
sight-threatening manifestations. Radiation has historically been considered an effective
alternative in recalcitrant or recurrent NSOIs [38]. Surgery has been proposed to be effective
in infiltrative fibrosing non-responsive NSOIs [39]. Further studies are needed to affirm
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the theory that some patients with NSOIs might profit from early therapy with biologicals,
especially before fibrosis within the adipose tissue occurs. Improved orbital imaging and
molecular profiling of biopsies might be crucial to determine which patients can profit from
early biologicals [7].

4.2. Treatment of IgG4-ROD

Patients with IgG4-related disease (IgG-RD) typically respond well at first to corticos-
teroids, especially in the early phases of the disease [40]. Serum IgG4 levels, lymphocytic
infiltration, as well as clinical symptoms such as organ enlargement, pain, or diplopia
usually improve within the first weeks. In an international consensus, GC is therefore rec-
ommended as a first-line induction treatment [41]. A small minority of relapsing patients,
however, do need a second immunosuppressive agent [42]. In patients with orbital manifes-
tation, this seems to be different at least in our cohort. In our cohort, 38% of patients showed
remission with only GC. However, the majority (62%) relapsed when corticosteroids were
tapered. This is why it is recommended to consider DMARDs early on in IgG4-ROD
similar to idiopathic DAs [21]. The relapsed patients of our cohort were either treated with
DMARDs, debulking surgery, or Rituximab. The last achieved remission in 71% of cases,
compared to only 25% in DMARDs. This is a bit lower compared to other studies analyzing
the effects of RTX (94%) but could be rather explained by the small number of patients [22].
All observed patients who achieved remission showed a stable remission after one or two
courses of RTX without late recurrences that demanded additional immunosuppressive
agents. This might indicate that IgG4-ROD patients should be evaluated early on in case of
a relapse after GCs for RTX treatment to avoid a chronic treatment with DMARDs. Further
studies are needed to confirm the observed long-term effect of RTX on IgG4-ROD after
1–2 courses.

4.3. Limitations

The interpretation of our results is limited by its retrospective design and the typical.
However, due to the rather high amount of patients considering the low incidence of the
diseases, we think that our data are very useful to improve OID therapy. Future studies
should be planned in a multicentric prospective design to further elucidate this matter.
Ideally, they should include elaborate imaging protocols and molecular testing of the
diseased patients.

5. Conclusions

Our single-center retrospective analysis emphasized the difficulty of treating patients
with OIDs. Corticosteroids were confirmed as a viable option for idiopathic orbital myosi-
tis and induction therapy for patients with more severe NSOI and IgG4-ROD; however,
the common relapses in these patients demonstrate the need for an early alternative im-
munosuppressive therapy. DMARDs are shown to be only partially effective. RTX, on the
other hand, was, in our cohorts, the most effective second-line treatment and should be
considered as an early second-line option, especially due to the excellent long-term results.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13143998/s1. Figure S1. Proportions of relapse free survival:
CS vs. DMARDs in DAs. Table S1. Literature Summary of Patients reported with Orbital Myositis and
treatment outcomes. Table S2. Literature Summary of Patients reported with isolated Dacryoadenitis
and treatment outcomes. References [43–49] are cited in the Supplementary Materials.

Author Contributions: Data curation, K.A.-G., M.K. and B.W.; formal analysis, K.A.-G., Y.C., A.E.
and M.O.; funding acquisition, A.E. and M.O.; investigation, K.A.-G., I.N., M.K., Y.C., A.E. and
M.O.; methodology, K.A.-G., N.E.B., A.E. and M.O.; project administration, A.E.; resources, K.A.-G.,
I.N., M.K., Y.C., B.W. and N.E.B.; supervision, N.E.B., A.E. and M.O.; validation, K.A.-G., A.E.
and M.O.; visualization, K.A.-G.; writing—original draft, K.A.-G. and M.O.; writing—review and
editing, K.A.-G., I.N., B.W. and M.O. All authors have read and agreed to the published version of
the manuscript.

https://www.mdpi.com/article/10.3390/jcm13143998/s1
https://www.mdpi.com/article/10.3390/jcm13143998/s1


J. Clin. Med. 2024, 13, 3998 10 of 12

Funding: This research received funding from the German Research Foundation and the University
Hospital Essen (UMEA program, FU 356/12-2). We acknowledge support by the Open Access
Publication Fund of the University of Duisburg-Essen.

Institutional Review Board Statement: The study was performed in adherence to the ethical founda-
tions of the Declaration of Helsinki and was approved by the Ethics Commission of the University of
Essen (11-4822-B0) on 13 October 2020.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this
study by the Ethics Committee.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, M.O., upon reasonable request.

Conflicts of Interest: The authors state that there are no conflicts of interest. The funders had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

References
1. Lee, M.J.; Planck, S.R.; Choi, D.; Harrington, C.A.; Wilson, D.J.; Dailey, R.A.; Ng, J.D.; Steele, E.A.; Hamilton, B.E.; Khwarg,

S.I.; et al. Non-specific orbital inflammation: Current understanding and unmet needs. Prog. Retin. Eye Res. 2021, 81, 100885.
[CrossRef]

2. Gunalp, I.; Gunduz, K.; Yazar, Z. Idiopathic orbital inflammatory disease. Acta Ophthalmol. Scand. 1996, 74, 191–193. [CrossRef]
3. Swamy, B.N.; McCluskey, P.; Nemet, A.; Crouch, R.; Martin, P.; Benger, R.; Ghabriel, R.; Wakefield, D. Idiopathic orbital

inflammatory syndrome: Clinical features and treatment outcomes. Br. J. Ophthalmol. 2007, 91, 1667–1670. [CrossRef]
4. Wallace, Z.S.; Deshpande, V.; Stone, J.H. Ophthalmic manifestations of IgG4-related disease: Single-center experience and

literature review. Semin. Arthritis Rheum. 2014, 43, 806–817. [CrossRef]
5. Harris, G.J. Idiopathic orbital inflammation: A pathogenetic construct and treatment strategy: The 2005 ASOPRS Foundation

Lecture. Ophthalmic Plast Reconstr. Surg. 2006, 22, 79–86. [CrossRef]
6. Klingenstein, A.; Hintschich, C. Specific inflammations of the orbit. Ophthalmologe 2021, 118, 794–800. [CrossRef]
7. Al-Ghazzawi, K.; Mairinger, F.D.; Pfortner, R.; Horstmann, M.; Bechrakis, N.; Mohr, C.; Eckstein, A.; Oeverhaus, M. Novel Insights

into Pathophysiology of Orbital Inflammatory Diseases and Progression to Orbital Lymphoma by Pathway Enrichment Analysis.
Life 2022, 12, 1660. [CrossRef]

8. Tsukikawa, M.; Lally, S.E.; Shields, C.L.; Eagle, R.C., Jr.; Ellis, F.J.; Wasserman, B.N. Idiopathic Orbital Pseudotumor Preceding
Systemic Inflammatory Disease in Children. J. Pediatr. Ophthalmol. Strabismus 2019, 56, 373–377. [CrossRef]

9. Jacobs, D.; Galetta, S. Diagnosis and management of orbital pseudotumor. Curr. Opin. Ophthalmol. 2002, 13, 347–351. [CrossRef]
10. Al-Ghazzawi, K.; Baum, S.H.; Pfortner, R.; Philipp, S.; Bechrakis, N.; Gortz, G.; Eckstein, A.; Mairinger, F.D.; Oeverhaus, M.

Evaluation of Orbital Lymphoproliferative and Inflammatory Disorders by Gene Expression Analysis. Int. J. Mol. Sci. 2022,
23, 8609. [CrossRef]

11. Xie, X.; Yang, L.; Zhao, F.; Wang, D.; Zhang, H.; He, X.; Cao, X.; Yi, H.; He, X.; Hou, Y. A deep learning model combining
multimodal radiomics, clinical and imaging features for differentiating ocular adnexal lymphoma from idiopathic orbital
inflammation. Eur. Radiol. 2022, 32, 6922–6932. [CrossRef]

12. Lutt, J.R.; Lim, L.L.; Phal, P.M.; Rosenbaum, J.T. Orbital inflammatory disease. Semin. Arthritis Rheum. 2008, 37, 207–222.
[CrossRef]

13. Chen, J.; Zhang, P.; Ye, H.; Xiao, W.; Chen, R.; Mao, Y.; Ai, S.; Liu, Z.; Tang, L.; Yang, H. Clinical features and outcomes of
IgG4-related idiopathic orbital inflammatory disease: From a large southern China-based cohort. Eye 2021, 35, 1248–1255.
[CrossRef]

14. Suhler, E.B.; Lim, L.L.; Beardsley, R.M.; Giles, T.R.; Pasadhika, S.; Lee, S.T.; de Saint Sardos, A.; Butler, N.J.; Smith, J.R.; Rosenbaum,
J.T. Rituximab therapy for refractory orbital inflammation: Results of a phase 1/2, dose-ranging, randomized clinical trial. JAMA
Ophthalmol. 2014, 132, 572–578. [CrossRef]

15. Kurz, P.A.; Suhler, E.B.; Choi, D.; Rosenbaum, J.T. Rituximab for treatment of ocular inflammatory disease: A series of four cases.
Br. J. Ophthalmol. 2009, 93, 546–548. [CrossRef]

16. Abell, R.G.; Patrick, A.; Rooney, K.G.; McKelvie, P.A.; McNab, A.A. Complete resolution of idiopathic sclerosing orbital
inflammation after treatment with rituximab. Ocul. Immunol. Inflamm. 2015, 23, 176–179. [CrossRef]

17. Wu, K.Y.; Kulbay, M.; Daigle, P.; Nguyen, B.H.; Tran, S.D. Nonspecific Orbital Inflammation (NSOI): Unraveling the Molecular
Pathogenesis, Diagnostic Modalities, and Therapeutic Interventions. Int. J. Mol. Sci. 2024, 25, 1553. [CrossRef]

18. Yesiltas, Y.S.; Gunduz, A.K. Idiopathic Orbital Inflammation: Review of Literature and New Advances. Middle East. Afr. J.
Ophthalmol. 2018, 25, 71–80. [CrossRef]

19. Aryasit, O.; Tiraset, N.; Preechawai, P.; Kayasut, K.; Sanghan, N.; Sittivarakul, W. IgG4-related disease in patients with idiopathic
orbital inflammation. BMC Ophthalmol. 2021, 21, 356. [CrossRef]

https://doi.org/10.1016/j.preteyeres.2020.100885
https://doi.org/10.1111/j.1600-0420.1996.tb00069.x
https://doi.org/10.1136/bjo.2007.124156
https://doi.org/10.1016/j.semarthrit.2013.11.008
https://doi.org/10.1097/01.iop.0000203734.52333.93
https://doi.org/10.1007/s00347-021-01348-x
https://doi.org/10.3390/life12101660
https://doi.org/10.3928/01913913-20190923-02
https://doi.org/10.1097/00055735-200212000-00001
https://doi.org/10.3390/ijms23158609
https://doi.org/10.1007/s00330-022-08857-6
https://doi.org/10.1016/j.semarthrit.2007.06.003
https://doi.org/10.1038/s41433-020-1083-x
https://doi.org/10.1001/jamaophthalmol.2013.8179
https://doi.org/10.1136/bjo.2007.133173
https://doi.org/10.3109/09273948.2013.863943
https://doi.org/10.3390/ijms25031553
https://doi.org/10.4103/meajo.MEAJO_44_18
https://doi.org/10.1186/s12886-021-02115-x


J. Clin. Med. 2024, 13, 3998 11 of 12

20. Kubota, T.; Katayama, M.; Nishimura, R.; Moritani, S. Long-term outcomes of ocular adnexal lesions in IgG4-related ophthalmic
disease. Br. J. Ophthalmol. 2020, 104, 345–349. [CrossRef]

21. Detiger, S.E.; Karim, A.F.; Verdijk, R.M.; van Hagen, P.M.; van Laar, J.A.M.; Paridaens, D. The treatment outcomes in IgG4-related
orbital disease: A systematic review of the literature. Acta Ophthalmol. 2019, 97, 451–459. [CrossRef]

22. Ng, C.C.; Sy, A.; Cunningham, E.T., Jr. Rituximab for treatment of non-infectious and non-malignant orbital inflammatory disease.
J. Ophthalmic Inflamm. Infect. 2021, 11, 24. [CrossRef] [PubMed]

23. Abou-Hanna, J.J.; Tiu Teo, H.M.; Thangavel, R.; Elner, V.M.; Demirci, H. Long-term follow up of systemic rituximab therapy as
first-line and salvage therapy for idiopathic orbital inflammation and review of the literature. Orbit 2022, 41, 297–304. [CrossRef]

24. Hatton, M.P.; Rubin, P.A.; Foster, C.S. Successful treatment of idiopathic orbital inflammation with mycophenolate mofetil. Am. J.
Ophthalmol. 2005, 140, 916–918. [CrossRef]

25. Joshi, L.; Tanna, A.; McAdoo, S.P.; Medjeral-Thomas, N.; Taylor, S.R.; Sandhu, G.; Tarzi, R.M.; Pusey, C.D.; Lightman, S. Long-term
Outcomes of Rituximab Therapy in Ocular Granulomatosis with Polyangiitis: Impact on Localized and Nonlocalized Disease.
Ophthalmology 2015, 122, 1262–1268. [CrossRef]

26. Umehara, H.; Okazaki, K.; Kawa, S.; Takahashi, H.; Goto, H.; Matsui, S.; Ishizaka, N.; Akamizu, T.; Sato, Y.; Kawano, M.; et al.
The 2020 revised comprehensive diagnostic (RCD) criteria for IgG4-RD. Mod Rheumatol 2021, 31, 529–533. [CrossRef]

27. Garrity, J.A.; Coleman, A.W.; Matteson, E.L.; Eggenberger, E.R.; Waitzman, D.M. Treatment of recalcitrant idiopathic orbital
inflammation (chronic orbital myositis) with infliximab. Am. J. Ophthalmol. 2004, 138, 925–930. [CrossRef] [PubMed]

28. Yan, J.; Wu, P. Idiopathic orbital myositis. J. Craniofac Surg. 2014, 25, 884–887. [CrossRef]
29. Mombaerts, I.; Schlingemann, R.O.; Goldschmeding, R.; Koornneef, L. Are systemic corticosteroids useful in the management of

orbital pseudotumors? Ophthalmology 1996, 103, 521–528. [CrossRef]
30. Carruth, B.P.; Wladis, E.J. Inflammatory modulators and biologic agents in the treatment of idiopathic orbital inflammation. Curr.

Opin. Ophthalmol. 2012, 23, 420–426. [CrossRef]
31. Hougardy, D.M.; Peterson, G.M.; Bleasel, M.D.; Randall, C.T. Is enough attention being given to the adverse effects of corticosteroid

therapy? J. Clin. Pharm. Ther. 2000, 25, 227–234. [CrossRef] [PubMed]
32. Bielory, L.; Frohman, L.P. Low-dose cyclosporine therapy of granulomatous optic neuropathy and orbitopathy. Ophthalmology

1991, 98, 1732–1736. [CrossRef] [PubMed]
33. Espinoza, G.M. Orbital inflammatory pseudotumors: Etiology, differential diagnosis, and management. Curr. Rheumatol. Rep.

2010, 12, 443–447. [CrossRef] [PubMed]
34. Eagle, K.; King, A.; Fisher, C.; Souhami, R. Cyclophosphamide induced remission in relapsed, progressive idiopathic orbital

inflammation (‘Pseudotumour’). Clin. Oncol. (R. Coll. Radiol.) 1995, 7, 402–404. [CrossRef]
35. Smith, J.R.; Rosenbaum, J.T. A role for methotrexate in the management of non-infectious orbital inflammatory disease. Br. J.

Ophthalmol. 2001, 85, 1220–1224. [CrossRef] [PubMed]
36. Schafranski, M.D. Idiopathic orbital inflammatory disease successfully treated with rituximab. Clin. Rheumatol. 2009, 28, 225–226.

[CrossRef]
37. Ashkenazy, N.; Saboo, U.S.; Abraham, A.; Ronconi, C.; Cao, J.H. Successful treatment with infliximab after adalimumab failure in

pediatric noninfectious uveitis. J. AAPOS 2019, 23, 151.e1–151.e5. [CrossRef]
38. Mokhtech, M.; Nurkic, S.; Morris, C.G.; Mendenhall, N.P.; Mendenhall, W.M. Radiotherapy for Orbital Pseudotumor: The

University of Florida Experience. Cancer Investig. 2018, 36, 330–337. [CrossRef]
39. Lee, J.H.; Kim, Y.S.; Yang, S.W.; Cho, W.K.; Lee, S.N.; Lee, K.J.; Ryu, M.R.; Jang, H.S. Radiotherapy with or without surgery for

patients with idiopathic sclerosing orbital inflammation refractory or intolerant to steroid therapy. Int. J. Radiat. Oncol. Biol. Phys.
2012, 84, 52–58. [CrossRef]

40. Campochiaro, C.; Ramirez, G.A.; Bozzolo, E.P.; Lanzillotta, M.; Berti, A.; Baldissera, E.; Dagna, L.; Praderio, L.; Scotti, R.; Tresoldi,
M.; et al. IgG4-related disease in Italy: Clinical features and outcomes of a large cohort of patients. Scand. J. Rheumatol. 2016, 45,
135–145. [CrossRef]

41. Khosroshahi, A.; Wallace, Z.S.; Crowe, J.L.; Akamizu, T.; Azumi, A.; Carruthers, M.N.; Chari, S.T.; Della-Torre, E.; Frulloni,
L.; Goto, H.; et al. International Consensus Guidance Statement on the Management and Treatment of IgG4-Related Disease.
Arthritis Rheumatol. 2015, 67, 1688–1699. [CrossRef]

42. Hart, P.A.; Topazian, M.D.; Witzig, T.E.; Clain, J.E.; Gleeson, F.C.; Klebig, R.R.; Levy, M.J.; Pearson, R.K.; Petersen, B.T.; Smyrk,
T.C.; et al. Treatment of relapsing autoimmune pancreatitis with immunomodulators and rituximab: The Mayo Clinic experience.
Gut 2013, 62, 1607–1615. [CrossRef]

43. Mannor, G.E.; Rose, G.E.; Moseley, I.F.; Wright, J.E. Outcome of orbital myositis: Clinical features associated with recurrence.
Ophthalmology 1997, 104, 409–414. [CrossRef]

44. Halimi, E.; Rosenberg, R.; Wavreille, O.; Bouckehove, S.; Franquet, N.; Labalette, P. Présentation clinique et prise en charge
des myosites aiguës dans les inflammations orbitaires non spécifiques [Clinical features and management of acute myositis in
idiopathic orbital inflammation]. J. Fr. Ophtalmol. 2013, 36, 567–574 (in French). [CrossRef]

45. Montagnese, F.; Wenninger, S.; Schoser, B. Orbiting around the orbital myositis: Clinical features, differential diagnosis and
therapy. J. Neurol. 2016, 263, 631–640. [CrossRef] [PubMed]

46. Kang, M.S.; Yang, H.K.; Kim, N.; Hwang, J.-M. Clinical Features of Ocular Motility in Idiopathic Orbital Myositis. J. Clin. Med.
2020, 9, 1165. [CrossRef]

https://doi.org/10.1136/bjophthalmol-2018-313730
https://doi.org/10.1111/aos.14048
https://doi.org/10.1186/s12348-021-00253-3
https://www.ncbi.nlm.nih.gov/pubmed/34448063
https://doi.org/10.1080/01676830.2021.1874424
https://doi.org/10.1016/j.ajo.2005.04.053
https://doi.org/10.1016/j.ophtha.2015.01.016
https://doi.org/10.1080/14397595.2020.1859710
https://doi.org/10.1016/j.ajo.2004.06.077
https://www.ncbi.nlm.nih.gov/pubmed/15629282
https://doi.org/10.1097/SCS.0000000000000510
https://doi.org/10.1016/S0161-6420(96)30663-5
https://doi.org/10.1097/ICU.0b013e328355715e
https://doi.org/10.1046/j.1365-2710.2000.00284.x
https://www.ncbi.nlm.nih.gov/pubmed/10886467
https://doi.org/10.1016/S0161-6420(91)32064-5
https://www.ncbi.nlm.nih.gov/pubmed/1800935
https://doi.org/10.1007/s11926-010-0128-8
https://www.ncbi.nlm.nih.gov/pubmed/20803107
https://doi.org/10.1016/S0936-6555(05)80017-2
https://doi.org/10.1136/bjo.85.10.1220
https://www.ncbi.nlm.nih.gov/pubmed/11567968
https://doi.org/10.1007/s10067-008-1040-8
https://doi.org/10.1016/j.jaapos.2019.02.006
https://doi.org/10.1080/07357907.2018.1489550
https://doi.org/10.1016/j.ijrobp.2011.11.031
https://doi.org/10.3109/03009742.2015.1055796
https://doi.org/10.1002/art.39132
https://doi.org/10.1136/gutjnl-2012-302886
https://doi.org/10.1016/S0161-6420(97)30300-5
https://doi.org/10.1016/j.jfo.2012.09.012
https://doi.org/10.1007/s00415-015-7926-x
https://www.ncbi.nlm.nih.gov/pubmed/26477021
https://doi.org/10.3390/jcm9041165


J. Clin. Med. 2024, 13, 3998 12 of 12

47. Andrew, N.H.; Kearney, D.; Sladden, N.; McKelvie, P.; Wu, A.; Sun, M.T.; McNab, A.; Selva, D. Idiopathic Dacryoadenitis: Clinical
Features, Histopathology, and Treatment Outcomes. Am. Jounral Ophthalmol. 2016, 163, 148–153.E1. [CrossRef]

48. Kubota, T.; Iwakoshi, A. Clinical heterogeneity between two subgroups of patients with idiopathic orbital inflammation. BMJ
Open Ophthalmol. 2022, 7, e001005. [CrossRef]

49. Yuen, S.J.A.; Rubin, P.A.D. Idiopathic Orbital Inflammation: Distribution, Clinical Features, and Treatment Outcome. Arch.
Ophthalmol. 2003, 121, 491–499. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ajo.2015.11.032
https://doi.org/10.1136/bmjophth-2022-001005
https://doi.org/10.1001/archopht.121.4.491
https://www.ncbi.nlm.nih.gov/pubmed/12695246

	Introduction 
	Patients and Methods 
	Study Population 
	Statistical Evaluation 
	Clinical Data Collection 
	Imaging and Biopsy 
	Treatment Protocol 
	Glucocorticosteroids (GC) 
	DMARDs 
	Biologicals 


	Results 
	Study Population and Characteristics of OID 
	Therapy Response 
	Classical Myositis 
	Treatment Efficacy in Dacryoadenitis 
	IgG4-ROD 


	Discussion 
	Treatment of NSOI 
	Myositis 
	Dacryoadenitis 

	Treatment of IgG4-ROD 
	Limitations 

	Conclusions 
	References

