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Background and objectives: The efficacy of rituximab (RTX) in treating steroid-resistant Graves’
orbitopathy (GO) has been limitedly studied in Asians. Moreover, RTX has been considered even
less for patients with steroid-resistant dysthyroid optic neuropathy (DON) who failed to undergo
orbital decompression surgery for physical or financial reasons, or who responded poorly to the
procedure. This study aimed to investigate the efficacy of RTX in treating steroid-resistant active
moderate-to-severe and sight-threatening GO in a Chinese population.

Methods: Data from 28 patients with steroid-resistant GO prescribed a single dose of 500 mg RTX
were retrospectively retrieved. Treatment responses and contributing factors were analyzed.
Results: The median follow-up time was 22 (8-34) weeks. 23 (82.1 %) patients had a positive
objective outcome recommended by the European Group on Graves’ Orbitopathy (EUGOGO),
while 25 (92.6 %) had a decrease in 7-item clinical activity score (CAS) by at least 2. Diplopia,
visual dysfunction, and MRI-detected T2 relaxation time of the involved extraocular muscles
improved significantly at the last follow-up compared to baseline (81.0 % vs. 47.6 %, 38.9 % vs.
16.7 %, and 87.8 (8.64) vs. 75.8 (10.9) ms, respectively; all p values < 0.05). No significant
improvement was seen in terms of proptosis and eye muscle duction. Notably, a higher baseline
IgG4 to IgG ratio was a predictor for RTX-induced positive EUGOGO outcomes. After RTX
treatment, all 8 patients with DON demonstrated inactivation, and 4 improved in visual acuity by
> 1 line. No patient with DON experienced obvious deterioration.

Conclusion: A single dose of 500 mg RTX seemed to be an effective and tolerable treatment for
steroid-resistant GO. However, larger-scale studies with a control group are required for a more
solid conclusion. The role of RTX in steroid-resistant DON management where surgery is un-
available or ineffective should be further explored.
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1. Introduction

Graves’ orbitopathy (GO), also known as thyroid eye disease or thyroid-associated ophthalmopathy, presents an uncommon [1] yet
quality-of-life-threatening autoimmune disorder due to its ocular symptoms and disfiguring effects [2], especially in its active
moderate-to-severe [3] or sight-threatening forms. Intravenous glucocorticoids (GCs) are the first-line treatment for active
moderate-to-severe and sight-threatening GO, as recommended by the current guidelines of both the European Group on Graves’
Orbitopathy (EUGOGO) and the American Thyroid Association (ATA) and the European Thyroid Association (ETA), and they are
administered at different doses under these two conditions [4,5]. However, for active moderate-to-severe GO, 21-40 % of patients who
received GCs as initial treatment failed to achieve long-term remission [6], leaving them with choices of second-line therapies because
there is an upper limit on the GC dosage [4,7]. Rituximab (RTX) is a human/murine chimeric anti-CD20 monoclonal antibody [8] that
leads to B-cell depletion via various mechanisms, including antibody-dependent and complement cytotoxicity, alterations in intra-
cellular calcium and apoptosis [9]. It is mainly used to treat CD20" B-cell lymphomas but is also involved in the treatment of auto-
immune diseases, such as lupus erythematosus or rheumatoid arthritis [10]. RTX is now recommended as a second-line treatment for
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Fig. 1. Patient selection for the retrospective study.
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active moderate-to-severe GO. However, previous studies regarding the efficacy of RTX in treating GO mostly included GC-naive
patients, including one recent pilot study conducted in 7 Chinese patients [11]. Limited studies focusing on the steroid-resistant
subpopulation of GO patients have shown inconsistencies in the response to RTX treatment [12-14]. We believe that the evidence
for a second-line treatment for GO should come from homogenous steroid-resistant study populations, which provides a rationale for
our study in this specific patient subgroup. In addition, the optimal dose of RTX remains controversial and studies on its effect in Asian
patients are lacking.

For patients who developed steroid-resistant dysthyroid optic neuropathy (DON), the EUGOGO guidelines urged orbital decom-
pression surgery and recommended against the use of RTX [4]. However, steroid-resistant DON patients are not always able to receive
orbital decompression surgery either due to high expenses, especially for those from underdeveloped regions, or poor physical con-
ditions which prevent surgery. Even if DON patients undergo surgery, visual function can sometimes fail to be restored, as reported by
a previous review [15]. In contrast, a study by Khanna et al. favored the effect of RTX on visual restoration [16]. A recent literature
review comprehensively reported on 13 DON patients who were prescribed RTX, 11 of whom achieved favorable results, but the
authors still did not recommend the use of RTX for DON due to conflicting results and potential adverse events [17]. However, these
DON patients were heterogeneous in regard to previous treatment (steroid-resistant or not, whether orbital decompression surgery was
performed), and the circumstance of DON being unavailable or ineffective has never been addressed. A widely accepted theory of DON
development is compression of the optic nerve by enlarged extraocular muscles (EOMs) [5], as a result of autoimmunity-stimulated
hyaluronan secretion by orbital fibroblasts and accumulation in between EOM fibers. B lymphocytes and anti-thyrotropin receptor
antibodies play important roles in this process [2]. Given the suppressive effect of RTX on B cells and autoimmunity [10], we hy-
pothesized that RTX could be used to treat DON. Therefore, our study aimed to investigate the efficacy of 500 mg RTX as a second-line
treatment for steroid-resistant GO in a single Chinese institution, with an emphasis on the treatment responses of patients with DON.

2. Materials and methods
2.1. Study population

This single-center study first included 40 patients who were hospitalized from May 2018 to March 2023 in the Department of
Endocrinology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. All patients included in the
study had active moderate-to-severe or sight-threatening GO diagnosed according to EUGOGO guidelines [4]. Active
moderate-to-severe GO patients were prescribed intravenous RTX injections as second-line treatment due to resistance to intravenous
GCs (details are provided in the Definitions section below). Patients were given 5 mg dexamethasone and 50 mg promethazine 30 min
before RTX administration as well as 5 mg dexamethasone after RTX to avoid cytokine release syndrome [18] and allergic reactions.
The steroid-resistant DON patients included in this study were given RTX either because they failed to undergo orbital decompression
surgery due to financial or physical reasons or because visual function was not restored after surgery. The other inclusion criteria were
as follows: 1) aged 18-75 years; 2) no known other orbital disease or complex systemic disease; and 3) a GO duration >6 months when
second-line treatment could be considered. 2 patients who received a RTX dose other than a single dose of 500 mg (both received two
doses of 500 mg each) were excluded from the study. As a result, all patients included in the study were treated with a single dose of
500 mg of RTX. 10 patients with missing information to assess the primary outcome (5 missing all primary outcome measures, 3 with
only clinical activity, 1 with only clinical activity and duction measure, and 1 without an aperture measure) were also excluded
(Fig. 1).

2.2. Data collection

Data on demographics, including age, sex, and smoking history; GO characteristics, including disease duration, cumulative dose of
GCs, exophthalmometric value, diplopia status, duction restriction, visual acuity, and intraocular pressure (IOP); and medical history
of thyroid diseases, treatments, comorbidities, biochemical markers, and orbital magnetic resonance imaging (MRI) features were
collected and used for analyses. Oculus uterque (OU) means of exophthalmometric value, visual acuity, and IOP were analyzed.

Methods for ophthalmic and biochemical examinations and MRI assessment were as described in our previous study [19], except
that we analyzed the MRI features of the involved EOMs reported by the radiologist instead of the four recti [20].

2.3. Definitions

Disease activity was assessed using a 7-item clinical activity score (CAS), which included (1) spontaneous retrobulbar pain, (2) pain
on attempted upward or downward gaze, (3) redness of eyelids, (4) redness of conjunctiva, (5) swelling of caruncle or plica, (6)
swelling of eyelids, and (7) swelling of conjunctiva (chemosis). 7-item CAS >3 indicated active GO, as recommended by the EUGOGO
guidelines [4,21]. 7-item CAS <3 but 10-item CAS >4 was also considered active GO to cover active GO patients who were excluded by
the 7-item CAS criteria but identified by the 10-item CAS criteria. Additional items for 10-item CAS included: (8) increase of at least 2
mm in proptosis, (9) decrease of at least 8° in any duction, and (10) decrease in visual acuity by two lines [5]. Disease severity was
evaluated also according to the EUGOGO guidelines [4]. DON diagnosis was made upon the presence of signs of vision loss and optic
nerve compression on MRI. GC resistance was defined as a negative primary outcome (the definition is provided below) assessed 6
months after the initiation of standard intravenous GC treatment according to EUGOGO guidelines (4.5 g for 12 weeks) [4,12].

The primary outcome of the study was the EUGOGO-recommended objective outcome, which composed of the following measures:
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reduction in lid aperture >2 mm, reduction in 5-item CAS (excluding subjective, patient-reported spontaneous or gaze-evoked pain) >
1 point, reduction in exophthalmos >2 mm, increase in eye muscle duction >8°. Improvement in >2 features in one eye without
deterioration in the other eye might be considered a positive response to treatment [4,22]. The development of DON was considered a
negative primary outcome. The secondary outcomes included: a 7-item CAS reduction by at least 2, proptosis reduction by at least 2
mm, diplopia improvement in degree or direction, eye muscle duction improvement in degree or direction, and visual acuity
improvement by at least one line, along with other GO characteristics. Visual dysfunction was defined as visual acuity <0.5 [14].
Proptosis was defined as an exophthalmometric value > 19.3 mm, according to a study on normal values of Hertel exophthalmometry
in a Chinese Han population [23].

2.4. Statistical analyses

All the statistical analyses and figure drawing were conducted using R version 4.3.0 (The R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were expressed as means (SDs) or medians (IQRs) depending on their distribution. Categorical

Table 1
Demographics and clinical characteristics of patients (all patients, responders, and non-responders) at baseline.
All Non-responders Responders p
Demographics:
Age, years - mean (SD) 48.3 (9.59) 42.6 (8.65) 49.5 (9.51) 0.160
Female sex - n (%) 14 (50.0) 2 (40.0) 12 (52.2) 1.000
Smoking history - n (%) 9 (32.1) 2 (40.0) 7 (30.4) 1.000
GO characteristics:
Duration of GO, months - median (IQR) 8.00 (6.50-12.0) 8.00 (6.00-11.0) 8.20 (7.00-12.0) 0.551
GC cumulative dose, g- mean (SD) 4.98 (1.90) 4.50 (0.00) 5.08 (2.08) 0.244
7-item CAS - median (IQR) 4.0 (3.0-5.0) 3.0 (2.0"-4.0) 4.0 (3.0-5.0) 0.196
Proptosis - n (%) 10 (62.5) 2 (100) 8(57.1) 0.500
Exophthalmometric value, mm- median (IQR) 22.0 (18.8-22.8) 23.0 (23.0-23.0) 21.5 (18.6-22.4) 0.352
Diplopia - n (%) 17 (81.0) 4 (100) 13 (76.5) 0.546
Duction restriction - n (%) 21 (95.5) 3(100) 18 (94.7) 1.000
Visual dysfunction - n (%) 7 (38.9) 0 7 (41.2) 1.000
Visual acuity- median (IQR) 0.70 (0.45-0.88) 0.70 (0.70-0.70) 0.70 (0.45-0.90) 1.000
IOP, mmHg - mean (SD) 23.3 (6.72) 19.1 (0.18) 23.8 (6.96) 0.013
DON - n (%) 8(28.6) 1 (20.0) 7 (30.4) 1.000
Corneal ulcer - n (%) 1(3.57) 0 1(4.35) 1.000
Thyroid disease - n (%):
Graves’ disease 27 (96.4) 4 (80.0) 23 (100) 0.179
Previous radioiodine 5(17.9) 1 (20.0) 4(17.49 1.000
Hashimoto’s disease 11 (39.3) 4 (80.0) 7 (30.4) 0.062
Thyroid function - n (%) 0.586
Hyperthyroidism 6 (21.4) 2 (40.0) 4(17.4)
Hypothyroidism 3 (10.7) 0 3 (13.0)
Euthyroidism 19 (67.9) 3 (60.0) 16 (69.6)
Other treatments - n (%):
Methimazole 18 (64.3) 3(60.0) 15 (65.2) 1.000
Levothyroxine 1(3.57) 0 1 (4.35) 1.000
Orbital decompression 3(10.7) 0 3(13.0) 1.000
Mycophenolate Mofetil 4 (14.3) 0 4(17.4) 1.000
Biochemical markers:
TSH, pIU/ml - median (IQR) 1.00 (0.37-2.73) 0.38 (0.00-0.44) 1.29 (0.44-2.97) 0.072
FT4, ng/L - median (IQR) 13.2 (10.3-16.1) 17.7 (14.1-19.9) 13.1 (10.2-15.1) 0.082
FT3, pg/ml - median (IQR) 3.41 (2.72-5.16) 6.01 (3.88-8.22) 3.29 (2.62-3.65) 0.039
A-TG, IU/ml - median (IQR) 26.9 (16.5-32.5) 17.8 (14.1-35.0) 27.3 (19.6-31.5) 0.943
A-TPO, IU/ml - median (IQR) 23.8 (11.5-84.3) 75.5 (40.9-84.2) 20.1 (11.3-94.5) 0.406
TG, pg/L- median (IQR) 54.8 (29.0-110) 101 (8.82-111) 53.4 (30.6-91.4) 0.783
TRAD, IU/L- median (IQR) 7.15 (3.53-17.0) 10.5 (6.85-20.4) 7.03 (3.21-17.0) 0.356
NLR - median (IQR) 2.31 (1.81-3.44) 2.34 (1.97-2.87) 2.29 (1.59-3.45) 0.928
1gG4, g/L - mean (SD) 0.78 (0.57) 0.54 (0.19) 0.82 (0.62) 0.266
1gG, g/L - mean (SD) 10.5 (3.45) 14.5 (2.45) 9.77 (3.14) 0.162
1gG4 to IgG ratio - mean (SD) 0.07 (0.05) 0.04 (0.01) 0.08 (0.05) 0.021
Comorbidities - n (%):
Thyrotoxic heart disease 2(7.14) 1 (20.0) 1(4.35) 0.331
Hypertension 5(17.9) 2 (40.0) 3(13.0) 0.207
Diabetes or IGR 6(21.4) 0 6(26.1) 0.553
Fatty liver 5(17.9) 2 (40.0) 3(13.0) 0.207

GO, Graves’ orbitopathy; GC, glucocorticoids; IOP, intraocular pressure; CAS, clinical activity score; TSH, thyroid stimulating hormones; FT4, free
thyroxine; FT3, free triiodothyronine; A-TG, anti-thyroglobulin antibody; A-TPO, anti-thyroid peroxidase antibody; TG, thyroglobulin; TRAD,
thyrotropin receptor antibody; NLR, neutrophil to lymphocyte ratio; DON, dysthyroid optic neuropathy; IGR, impaired glucose regulation.

@ 7-item CAS at baseline was <3 in some patients because they had 10-item CAS >4 and were also considered with active GO.
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variables were expressed as numbers (percentages). Differences in continuous variables between groups were analyzed using the
Student’s t-test or Wilcoxon rank sum test depending on their distribution. Differences in categorical variables were analyzed using the
x? test or Fisher’s exact test depending on expected frequencies. All p values were two-sided, and p < 0.05 was considered to indicate
statistical significance.

3. Results
3.1. Patient demographics and clinical characteristics at baseline

At baseline, the mean age of the patients included was 48.3 (9.59) years, with an equal number of women and men. 9 (32.1 %) were
ex- or current smokers. The median duration of GO was 8.00 (6.50-12.0) months and median cumulative dose of glucocorticoids was
4.98 (1.90) g. 10 (62.5 %), 17 (81.0 %), 20 (95.2 %), and 7 (38.9 %) of the patients had proptosis, diplopia, duction restriction, and
visual dysfunction at baseline, respectively. 8 (28.6 %) patients had DON and 1 (3.57 %) had corneal breakdown. 3 (10.7 %) patients
had history of orbital decompression surgery before RTX injection, of whom 2 had visual acuity >0.8 in all 4 eyes and no signs of DON
assessed via MRI at baseline, while the other patient did not have restored visual function after surgery (details are provided in the
“Outcomes of patients with DON at baseline” section). 6 (21.4 %), 3 (10.7 %), and 19 (67.9 %) patients had hyper-, hypo-, and
euthyroidism at baseline, respectively. Other clinical characteristics, such as thyroid diseases, other treatments, biochemical markers,
and comorbidities are shown in Table 1.

3.2. Primary and secondary outcomes of all patients

The median follow-up time of the patients was 22 (8-34) weeks. Of all patients included, 23 (82.1 %) had a positive outcome using
the EUGOGO-suggested objective composite index [4] after 500 mg RTX treatment. 25 (92.6 %), 8 (47.1 %), 17 (77.3 %), 20 (80.0 %),
and 11 (61.1 %) had 7-item CAS reduction by at least 2, proptosis reduction by at least 2 mm, diplopia improvement in degree or
direction, duction improvement in degree or direction, and visual acuity improvement by at least one line, respectively (Fig. 2).
Compared to those at baseline, the proportions of diplopia, and visual dysfunction, CAS, mean IOP of OU, and mean T2 relaxation time
(T2RT) of the involved EOMs showed significant improvements at the last follow-up (p < 0.05). No significant differences were
detected between the proportions of duction restriction and proptosis, exophthalmometric value, visual acuity, TRAb, or mean
cross-sectional area (CSA) of involved EOMs at baseline and at the last follow-up (Table 2).

No serious side effects, including cytokine release syndrome, were observed in the patients’ electronic medical history. Only 1
patient experienced diarrhea after RTX, which lasted for one day. However, 2 patients who underwent orbital decompression surgery
after RTX were reported, of whom 1 patient already had symptom- and MRI-confirmed DON at baseline, suggesting a poor response to
RTX; whereas the other patient had no signs of DON at baseline, suggesting deterioration. The latter patient was a 40-year-old female
patient with history of radioiodine treatment. No other patient experienced deterioration in ophthalmological parameters or relapse
before the last follow-up.

3.3. Baseline factors contributing to positive EUGOGO outcomes
Compared to patients who did not respond positively to the treatment, those with positive responses had significantly greater mean

IOP of OU, while lower FT3 and IgG4 to IgG ratio (p < 0.05). The two groups of patients did not differ significantly in other baseline
characteristics (Table 1).

CAS reduction by at least 2

Proptosis reduction by at least 2 mm

Secondary outcomes

EUGOGO Outcome
. Positive Diplopia improvement in degree or direction . Positive
Negative Negative

Duction improvement in degree or direction

Visual acuity improvement by at least one line

o

10 20
(a) (b)

Fig. 2. Primary and major secondary outcomes of all patients.

(a) Primary outcome as suggested by 2021 EUGOGO guidelines; (b) major secondary outcomes.
EUGOGO, European Group on Graves’ Orbitopathy.

Data are expressed as numbers (percentages).
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Table 2
GO characteristics of all patients at baseline and at the last follow-up.

Baseline Last follow-up P
7-item CAS - median (IQR) 4.0 (3.0-5.0) 1.0 (0.0-2.0) <0.001
Diplopia - n (%) 17 (81.0) 10 (47.6) 0.023
Duction restriction - n (%) 20 (95.2) 18 (85.7) 0.480
Proptosis - n (%) 10 (62.5) 6 (37.5) 0.134
Exophthalmometric value, mm- median (IQR) 22.0 (18.8-22.8) 19.5 (17.8-22.8) 0.540
Visual dysfunction - n (%) 7 (38.9) 3(16.7) 0.043
Visual acuity - median (IQR) 0.70 (0.45-0.88) 0.80 (0.61-0.90) 0.141
I0P, mmHg - mean (SD) 23.2 (7.86) 19.0 (2.97) 0.018
TRAD, IU/L- median (IQR) 7.05 (2.92-20.4) 2.57 (1.84-4.07) 0.094
Involved EOM T2RT, ms - mean (SD) 87.8 (8.64) 75.8 (10.9) 0.010
Involved EOM CSA, mm? - mean (SD) 82.8 (28.5) 72.9 (24.0) 0.388

GO, Graves’ orbitopathy; CAS, clinical activity score; IOP, intraocular pressure; TRAb, thyrotropin receptor antibody; EOM, extraocular muscle;
T2RT, T2 relaxation time; CSA, cross-sectional area.

3.4. Outcomes of patients with DON

A total of 8 patients had DON at baseline. 4 (66.7 %) out of 6 patients with available data on visual function improved by at least
one Snellen line. 8 (100 %) patients had a CAS reduction by at least 2. Visual acuity, CAS, and IOP went from 0.45 (0.32-0.75), 3.50
(3.00-5.25), and 24.2 (6.10) mmHg at baseline to 0.90 (0.55-0.90), 0.50 (0.00-1.25), and 18.6 (3.48) mmHg at the last follow-up,
respectively. Other outcomes are as listed in Tables 3 and 4. However, due to the small sample size, statistical significance was not
assessed. These data should be interpreted with caution. Except that visual acuity of one eye mildly decreased from 1.0 to 0.8, no
deterioration in visual acuity or other parameters was observed in these patients at the last follow-up.

It is noteworthy that 1 of the patients with DON underwent orbital decompression surgery on the left and right eyes 7 and 6 weeks
before RTX, respectively. However, after the surgery, the visual acuity of this patient remained at 0.1 OU and CAS remained at 6, and
then RTX was given. At the last follow-up, visual acuity of this patient’s right and left eyes was 1.0 and 0.8, respectively; IOP of the
right and left eyes improved from 31.0 to 18.0 and from 23.5 to 16.0 mmHg, respectively; CAS reduced from 6 to 3 and the EUGOGO
outcome was positive. The outcomes of DON patients who did and did not undergo surgery were shown in Supplementary Table 1.
However, statistical analysis of the difference between the two groups could not be conducted since there was only one DON patient
who underwent surgery.

3.5. Sensitivity analyses

Due to the potential heterogeneity among patients with active moderate-to-severe GO and DON, we repeated the analyses in the 20
patients with active moderate-to-severe GO (Table 3 & Supplementary Table 2). Due to the lack of long-term follow-up data for some
patients, we repeated the analyses in the 17 patients whose follow-up time >12 weeks (Supplementary Tables 3 and 4). The two sets of
sensitivity analyses produced results similar to those of the main analyses.

4. Discussion

The current study is, to the best of our knowledge, the first to investigate the efficacy of 500 mg RTX as a second-line treatment for
GC-resistant GO in China. In our retrospective study, 23 (82.1 %) patients had a positive response using the 2021 EUGOGO guideline-
recommended objective outcome [4]. GO inactivation was demonstrated in 25 (92.6 %) patients by a CAS reduction by at least 2 and
objectively confirmed by a significant decrease in the mean T2RTs of the involved EOMs detected by MRI T2 mapping. In terms of
ophthalmological parameters, we noted improvements in diplopia, visual dysfunction, and IOP, but not in proptosis or
MRI-determined EOM CSA. Exclusively, we identified that a higher IgG4-to-IgG ratio, along with higher IOP and lower FT3 at baseline
were predictors for RTX-induced positive EUGOGO responses. As for patients with DON, RTX led to overall inactivation with

Table 3
Outcomes of patients with active moderate-to-severe GO and DON.
Active moderate-to-severe GO DON

Visual acuity improvement by at least one line 7 (58.3) 4 (66.7)
EUGOGO outcome 16 (80.0) 7 (87.5)
CAS reduction by at least 2 17 (89.5) 8(100)
Proptosis reduction by at least 2 mm 4(33.3) 4 (80.0)
Diplopia improvement in degree or direction 13 (86.7) 4(57.1)
Duction improvement in degree or direction 15 (83.3) 5(71.4)

EUGOGO, European Group on Graves’ Orbitopathy.
Data are expressed as n (%).
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Table 4
GO characteristics of patients with DON at baseline and at the last follow-up.
Baseline Last follow-up

Visual acuity - median (IQR) 0.45 (0.32-0.75) 0.90 (0.55-0.90)
Visual dysfunction — n (%) 3(60.0) 1 (20.0)
CAS - median (IQR) 3.50 (3.00-5.25) 0.50 (0.00-1.25)
Diplopia - n (%) 3 (50.0) 1(16.7)
Duction restriction - n (%) 6 (85.7) 5(71.4)
Proptosis - n (%) 3(60.0) 1 (20.0)
Exophthalmometric value, mm - median (IQR) 22.0 (20.0-22.0) 18.5 (17.5-19.0)
IOP, mmHg - mean (SD) 24.2 (6.10) 18.6 (3.48)
TRAD, IU/L - median (IQR) 3.50 (2.82-21.8) 1.86 (1.33-2.21)
Involved EOM T2RT, ms - mean (SD) 89.8 (7.47) 78.2 (8.67)
Involved EOM CSA, mm? - mean (SD) 69.6 (18.6) 67.3 (26.7)

GO, Graves’ orbitopathy; CAS, clinical activity score; IOP, intraocular pressure; TRAD, thyrotropin receptor antibody; EOM,
extraocular muscle; T2RT, T2 relaxation time; CSA, cross-sectional area.
P values were not shown due to small sample sizes.

improvement in visual acuity and other GO parameters in some patients, with no signs of deterioration. 1 of these patients received
both RTX and orbital decompression surgery within 2 months and exhibited improvement in visual acuity and clinical activity.

Ever since a pilot study in 2006 [24], research into the role of RTX in GO treatment has been plentiful, and the most well-known of
these studies are the two randomized controlled trials by Salvi et al. and Stan et al. [18,25]. Currently RTX appears in guidelines as one
of the second-line therapies for GO, with an emphasis on its inactivation effect [4,5]. However, much of the existing evidence comes
from studies involving patients who were given RTX as first-line treatment. In effect, the number of RTX studies focusing on
steroid-resistant GO is limited [12-14,16,26], with two being case series of fewer than 10 patients. These studies generally agreed on
the effect of RTX on GO inactivation, which is in line with our study. Nevertheless, analyses on the effects of RTX on ophthalmological
parameters of GO, including proptosis, eye motility, and visual acuity, produced inconsistent results. Bennedjai et al. saw no
improvement in proptosis, diplopia, or visual acuity [12]. Du Pasquier-Fediaevsky et al. reported no improvement in proptosis or
diplopia without stressing the changes in visual acuity [13]. Deltour et al. reported improvement in visual dysfunction, similar to our
study, while no significant change in eye motility [14]. In contrast to these studies, our results showed significant improvement in
diplopia rates, which is in accordance with the RCT by Salvi et al. [18]. A possible explanation for the divergence in eye motility
improvement might be the shorter mean duration of GO in the latter two studies than in the former three (11.2 (8.09) and 4.5 (2.9) vs
27 (1.9), 17.1 (17.8), and 19.1 (27) months).

Another factor that might have affected the efficacy of RTX treatment is the dose of RTX. Our study used a dose of 500 mg, as is
deemed optimal by the ATA-ETA guidelines [5], while two of the studies mentioned above prescribed lower doses (200 mg and
100-400 mg) to steroid-resistant patients [12,13], which had a compromised effect on diplopia as discussed above. However, whether
this inconsistency results from their lower dose or longer GO duration is unclear. Moreover, several studies applied doses as low as 100
mg [27-29], all of which reported B-cell depletion and effective disease inactivation. However, the outcomes of ophthalmological
parameters were not comparable due to the different evaluation criteria applied. In addition, the study populations of none of these
three studies were restricted to steroid-resistant GO patients, limiting the generalization of their conclusions to this specific patient
subgroup. Moreover, although a dose of 100 mg RTX was shown to adequately deplete B-cells, higher doses of RTX were reported to
prolong B cell depletion [18]. Whether steroid-resistant GO patients can further benefit from higher doses of RTX is not clear and more
comparative studies using same evaluation criteria are required.

RTX was associated with various adverse effects seemingly in a dose-independent manner: in some studies, a dose of 100 mg was
followed by major adverse effects such as cytokine release syndrome and DON [18,27] which resembled the adverse effects of doses as
high as 2000 mg [14,25]; while in other studies, doses of 500 mg or lower were only associated with minor side effects [13,28,29]. In
rheumatoid arthritis and multiple sclerosis populations, repeated doses of 1000 mg or 500 mg RTX were proven to be safe [30,31]. In
our study, we only recorded short-lasting diarrhea in one patient, probably due to the anti-allergic and -infusion reaction measures that
we used. Although EUGOGO recommends RTX doses of 500 mg or 100 mg for second-line GO treatment, there seems to be no
established safety range for RTX. The safety profile of RTX in GO treatment remains elusive.

We identified a higher baseline IgG4-to-IgG ratio as a predictor of RTX-induced positive EUGOGO outcomes. IgG4-related thyroid
diseases have been proposed as a distinct entity in the thyroid disease spectrum [32]. Our team previously found that this subgroup of
GO patients with elevated serum IgG4 levels had a more severe form of GO but a better response to GC treatment than did those with
normal IgG4 levels [19]. Other studies reported that RTX is an effective treatment for IgG4-related diseases, even without concomitant
GC therapy [33]. Our study further suggested that RTX might be more effective for treating IgG4-elevated GO, but further studies
involving in this subgroup of patients with GO are warranted.

A lower baseline FT3 was also found to be a predictor of positive EUGOGO outcomes, suggesting that effective control of hyper-
thyroidism might be essential to GO prognosis, as is already suggested in EUGOGO guidelines [4,34]. The higher IOP in positive
responders is in contrast to that reported by Deltour et al. [14], who reported greater IOP in non-responders. This might have resulted
from their different alternative of the primary outcome compared to ours. Additionally, the significance of the difference in IOP be-
tween the responder and the non-responder groups in the Deltour et al. study was blunted in a multivariate analysis. An explanation for
this finding is that higher baseline IOP saved room for improvement, which was reflected in positive outcomes. However, the
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underlying reason for elevated IOP in positive responders is unclear and should be further investigated.

Finally, we analyzed the efficacy of RTX in steroid-resistant patients with DON who either received no orbital decompression
surgery for financial or physical reasons, or who responded poorly to the surgery. We showed that RTX induced inactivation in all
patients, and improved visual acuity and IOP in part, with no obvious deterioration. Notably, the outcomes of the only DON patient
who received both RTX and orbital decompression surgery were satisfactory in terms of both visual function and inactivation. Khanna
et al. studied the efficacy of RTX in 4 DON patients and reported improved visual acuity in all 4 patients [16]. However, among these 4
patients, 1 underwent orbital decompression surgery before RTX treatment and the other received both surgery and orbital irradiation
before RTX. Furthermore, a previous review showed that RTX treatment in 13 DON patients was successful in 11 according to
Pelewicz-Sowa et al. [17]. However, the surgical history of these patients was inconsistent. The other 2 patients who failed to respond,
1 who used RTX as the first-line treatment and the other who used RTX after steroids experienced DON recurrence after improvement
in visual acuity for 2-4 months. These authors disagreed with the use of RTX in the case of DON mainly due to conflicting results and
adverse events (cytokine release syndrome in 9.1 % [17]). In summary, the efficacy of RTX in DON patients with or without orbital
decompression surgery remains unclear. However, our results supported the effect of RTX on clinical activity and visual dysfunction,
while adverse events or deterioration were not seen in our DON patients. Therefore, we believe that the role of RTX in DON treatment
has yet to be determined, especially where orbital decompression is not available or successful.

The advantages of our study include the relatively larger sample size compared to other related studies on this rare disorder as well
as the in-depth examinations, such as IgG4 measurements and MRI T2 mapping. However, the limitations are evident. First, our study
was not prospective, which limits the integrity and accuracy of follow-up data, including important parameters such as lid apertures
and subjective questionnaires; second, as the activity and severity of GO could be relieved in its natural history [35], we were unable to
rule out the effects of the natural history of GO without a control group.

5. Conclusions

In summary, a single dose of 500 mg RTX seemed to show noticeable efficacy, notably in diplopia, with acceptable tolerance as
second-line treatment for steroid-resistant GO, which appears to be a clinically tricky condition. This efficacy seemed compromised in
studies including patients with longer durations, calling for early detection and decision-making in this subpopulation of patients with
GO. However, larger-scale studies with a control group are needed to reach a more solid conclusion. Additionally, the role of RTX in
steroid-resistant DON management where surgery is unavailable or ineffective is worthy of further discussion.
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