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ABSTRACT
Purpose: We report the long-term effect of rituximab (RTX) in scleritis and determine the value of B-cell 
monitoring for the prediction of relapses.
Methods: We retrospectively studied 10 patients with scleritis, who were treated with RTX. Clinical 
characteristics were collected, and blood B-cell counts were measured before the start of RTX, and at 
various time points after treatment.
Results: Clinical activity of scleritis decreased after RTX treatment in all patients within a median time of 
8 weeks (range 3–13), and all reached remission. The median follow-up was 101 months (range 9–138). 
Relapses occurred in 6 out of 10 patients. All relapses, where B-cell counts were measured (11 out of 19), 
were heralded by returning B cells. However, B cells also returned in patients with long-term remissions.
Conclusions: RTX is a promising therapeutic option for scleritis. Recurrence of B cells after initial 
depletion does not always predict relapse of scleritis.
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Scleritis is a rare and potentially sight-threatening inflammation 
of the sclera, characterized by redness, severe pain, scleral edema, 
and cellular infiltration.1–3 It can present at any age, with a peak 
onset between the third and fifth decades of life. Scleritis may 
manifest as an isolated organ-specific disease, or occur concomi-
tantly with a systemic immune-mediated inflammatory disease.4 

The most common systemic diseases include rheumatoid arthritis 
(RA) and granulomatosis with polyangiitis (GPA). Sporadically, 
infectious disorders, trauma, medication, or malignancies may 
cause scleritis.2,3 Untreated scleritis can lead to blindness and may 
occasionally result in perforation of the globe when left untreated. 
Adequate and timely treatment is therefore paramount.2,3

Treatment of scleritis is challenging because topical corti-
costeroids or non-steroidal anti-inflammatory drugs often 
have limited effects.5 Systemic immunosuppressive and/or 
chemotherapeutic treatments are often required but associated 
with systemic side effects, such as systemic infections.5,6 

Despite these aggressive regimens, a long-standing remission 
of scleritis is difficult to achieve.

Rituximab (RTX) is a chimeric (human/murine) monoclo-
nal anti-CD20 antibody that targets the transmembrane pro-
tein CD20 that is specifically expressed on B cells.7 Binding of 

RTX to CD20 induces a significant depletion of (peripheral) 
B cells for a duration of three up to 44 months.8,9 Over the past 
decade, RTX showed promising results in the treatment of 
scleritis associated with several autoimmune diseases, as well 
as in idiopathic cases.10–13 Repopulation of B cells after initial 
depletion following RTX administration might represent 
a possible relapse predictor in systemic diseases.14–16 

However, data on the B cell dynamics and its correlation 
with clinical activity in patients with scleritis are lacking.

In this case series, we describe the long-term disease course 
and B-cell monitoring in 10 patients with severe scleritis, who 
were eventually treated with RTX.

Materials and methods

Patients and data collection

We performed a retrospective cohort study of all consecutive 
patients with severe scleritis who started RTX treatment 
between December 2006 and March 2013 at the department 
of Internal Medicine at the Erasmus MC (Rotterdam, the 
Netherlands). Clinical follow-up continued up to 
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September 2021, or discontinued in patients, who required the 
switch to immunosuppressive medications for non-ocular 
causes (after the initial cycle of RTX). One additional patient 
was treated with RTX in the given time period, but the indica-
tion for RTX therapy encompassed a combination of various 
systemic and ocular disorders, and was therefore not included 
in the present study. The study was performed in accordance 
with the Declaration of Helsinki and with the approval of the 
local review board of our institution.

All included patients underwent a work-up for scleritis 
according to national guidelines, including full ophthalmic eva-
luation and systemic evaluation by experienced uveitis and 
internal medicine specialists.17 Baseline characteristics and rele-
vant clinical data, including comorbidities and medication use, 
were extracted from medical files. Thereby, all relevant data 
regarding RTX treatment was gathered, including drug admin-
istration, interval between onset scleritis and RTX treatment, 
remissions, reactivations, and need for re-infusions of RTX. 
Remission was defined as the absence of active ocular inflam-
mation and subjective symptoms including pain with (despite 
scleromalacia) or without treatment. Relapse was defined as 
activity of scleritis after a period of remission. Durable remission 
was defined as remission lasting more than 2 years.

Medication and laboratory examinations

RTX was administered as 1000 mg intravenously at day 1 and 
14 and repeated on demand if a relapse occurred, but not earlier 
than 6 months after the first cycle. Before the administration of 
RTX, 100 mg prednisolone and 2 mg clemastine were adminis-
tered intravenously to prevent infusion-related reactions. 
Peripheral blood B-cell counts were monitored before and 
after RTX treatment, at various time points. A diagnostic lyse- 
no-wash protocol was used to count the absolute numbers of 
CD19+ B cells,18 and 8-color flow cytometry was performed for 
B-cell subset analysis in naive and memory populations.19 The 
repopulation of B cells was considered in patients when these 
reached a level of at least 0.01 × 109/L.

Statistical analysis

Categorical data is presented as numbers and percentages, 
while continuous data is presented as median ± range.

Results

Ten patients started rituximab between December 2006 
and March 2013. The baseline characteristics of the 
included patients are illustrated in Table 1. The median 
age at scleritis onset was 44 years (range 36–62). Four out 
of 10 patients (40%) had an associated autoimmune dis-
ease. The median time interval from the onset of scleritis 
to the first cycle of RTX treatment was 27 months (range 
1–111 months). The median duration of follow-up after 
the first cycle of RTX was 101 months (range 9–138  
months). Follow-up was discontinued in four patients, 
after a median follow-up of 67 months, because of the 
switch to immunosuppressive medication for non-ocular 
causes.

Responses

All patients showed a beneficial response after the first cycle of 
RTX, within a median time of 7 weeks (range 2–14 weeks), and 
subsequently all patients reached remission (Table 2). Three 
patients (30%) reached durable remission lasting for the entire 
follow-up duration after one cycle of RTX, in one patient 
follow-up was discontinued 9 months after the last RTX. 
Relapses occurred in six patients (60%), within a median inter-
val of 15 months (range 7–20). Patients 4, 5, 9, and 10 reached 
remissions after two or three cycles of RTX (Table 2). Seven 
patients with remissions were able to cease other immunosup-
pressive medications for scleritis before the end of follow-up, 
while one required a low dose of methotrexate (MTX) for 
cutaneous psoriasis. Infrequently, patients needed bridging 
therapy between the initial infusion of RTX and clinical 
response (solumedrol, dexamethasone, mycophenolic acid 
(MPA), or intravenous immunoglobulin (IVIG)) before other 
immunosuppressant agents could be tapered or stopped. Two 
patients (patients 6 and 7) required RTX reinfusions every 6 
months, because of relapses of scleritis. This maintenance 
treatment with RTX showed good effect with no further 
relapses of scleritis in the last 18 and 19 months of follow-up, 
respectively (Table 2).

B cell levels

Prior to treatment, the average B cell count was 0.21 ± 0.09 
(SD) x109/L (Table 2). In all but one patient, B cells decreased 
to <0.01 × 109/L within 5 or 6 weeks after the first infusion of 
RTX. One patient still had 0.01 × 109/L peripheral B cells 7  
weeks after RTX administration.

The repopulation of B cells ≥0.01 × 109/L occurred after 
a median interval of 6 months. After RTX reinfusions, the 
B cells decreased again to ≤0.01 × 109/L. Relapse of scleritis 
occurred 18 times in six patients, and in 14 cases the relapse 
was directly followed by a repeated RTX infusion. All relapses 
of scleritis, in which the levels of B cells were measured (n =  
11), were heralded by returning B cells. In patient 4, the relapse 
emerged in the presence of returning antigen-experienced 
B cells (natural effector and IgD-memory, Figure 1). Figure 2 
shows the timeline of the B-cell levels and relapses of scleritis. 
No relapses were seen when B cells were depleted. 
A correlation between the duration of returning B cells to 
relapse of scleritis was not determined. Finally, whenever mea-
sured, B cells returned to pre-treatment levels in all patients.

Side-effects of RTX treatment were not encountered in our 
cohort.

Discussion

We demonstrate beneficial and long-lasting outcomes of RTX 
treatment in 10 patients with severe scleritis, who all had 
extensive follow-up period after RTX administration. 
Remission of scleritis after initial RTX cycle occurred in all 
patients (100%). However, six patients (60%) developed 
relapse of scleritis that necessitated retreatment with RTX, 
which had a good effect in all. Relapses of scleritis were in all 
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cases heralded by returning B cells, however patients with 
durable remissions also exhibited a repopulation of B cells.

The beneficial effect of RTX treatment in scleritis was already 
noted in several case series.11–13,20–28 These studies showed 
predominantly good RTX effect on activity of scleritis in stan-
dard treatment-refractory cases, however, relapses occurred fre-
quently. Therefore, it is not yet clear how to manage patients 
with refractory scleritis after the initial cycle of RTX. It is 
especially unknown whether treatment with RTX has to be 
maintained or repeated to induce durable remissions and pre-
vent relapses.11,12,16 To the best of our knowledge, the longest 
average follow-up period in previous studies was 59 months.10,27 

Our case-series has a more extended follow-up period (median 
101 months), and we observed that the initial RTX infusion 

induced durable remission in 4 out of 10 patients and additional 
retreatment with two or three cycles of RTX could induce 
durable remission in four out of six cases with disease relapses. 
Long-term 6-monthly administration of RTX was only needed 
in two patients.

Beneficial results of RTX given in fixed intervals were 
reported for patients with ANCA associated vasculitis com-
pared to “on demand” treatment.29 The results of our study 
suggest that not all patients with scleritis require continued 
RTX therapy and that the treatment “on demand” probably 
represents an appropriate initial approach.

RTX induced B-cell depletion after the initial treatment 
occurred in all, which is consistent with previous 
observations.12,13,16,20 Only two studies monitored the 

Table 2. Clinical and biochemical courses after rituximab in patients with severe therapy refractory scleritis.

Patient 
No

Time to 
clinical 

response 
(weeks)

Recurrence of 
scleritis after first 

RTX (months)

Recurrences 
requiring repeat 
of RTX (number)

Rituximab 
cyclesa

B-cells before 
1st cycle of 
RTX (109/L)

First re-occurrence of B cells after first 
cycle of RTX and level (months/109/L)

Minimal duration complete 
remission after last RTX until 

last follow up (months)

1 3 No 0 1 0.22 10 (fully depleted at 8 m) 0.01 111
2 11 No 0 1 0.14 6 (first time measured) 0.01 94
3 11 No 0 1 Nm 11 (first time measured) 0.15 122
4 14 7 1 2 0.38 5 (fully depleted at 4 m) 0.02 32
5 4 18 2 3 0.26 18 (fully depleted at 14 m) 0.01 56
6 8 13 7 7 +  

2×1000
0.16 9 (fully depleted at 5 m) 0.01 NAc

7 13 17 5 5 +  
3×1000

Nm 6 (fully depleted at 3 m) 0.01 NAd

8 4 No 0 1 Nm 2 (first time measured) 0.01 9
9 5b 20 1 2 0.13 Nm Nm 5
10 2 13 1 2 0.17 Nm Nm 25

aDosing of RXT was 500 or 1000 mg per infusion. Scheduling was 2000 mg per cycle and 1000 mg bi-annually (+n x1000) when maintained for 2 years. 
bSubconjunctival steroids were given in addition to RTX in the first year after RTX infusion. 
cPatient 6 experienced a last recurrence of scleritis 18 months before the end of follow up. However, he developed a polymyalgia rheumatic in this period of time which 

required oral corticosteroids. 
dPatient 7 experienced five recurrences of scleritis, the last 19 months before the end of follow up, eventually indicating a prolonged response. 
RTX= Rituximab; Nm= Not measured; NA= Not applicable.
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Figure 1. B-cell subset counts before and after two cycles of RTX for anterior scleritis in patient 4. The presence of B-cell subsets including transitional B cells, naive 
mature B cells, natural effector memory B cells, and IgD+ memory B cells during the course of scleritis. Transitional and naive mature B cells are highly represented 
during a recurrence of scleritis.
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effect of B cells on relapses of scleritis after initial deple-
tion of B cells, without an association between relapses, 
and B-cell repopulation.12,16 In contrast, we observed that 
returning B cells heralded all relapses, and no relapses were 
seen with absent B cells in our limited series. Reoccurring 
B cells did not differentiate between relapse and remission, 
since B cells also returned in patients who remained in 
remission. This phenomenon was also noted in a study of 
patients with granulomatosis with polyangiitis.15 In 
another study, 2 out of 66 patients with GPA suffered 
a relapse despite B cells remaining absent.14 There might 
be a role for B cells in protective niches and localized 
lymph nodes that are not completely depleted, in contrast 
to the peripheral B cells.16,29 Furthermore, we may 
hypothesize that clinical relapse might be associated with 
expansion of specific memory B cells, whereas B-cell repo-
pulation in patients in remission is the result from neogen-
esis of transitional and naïve B cells. To clarify the role of 
B cells in scleritis, a more extensive study would be neces-
sary, which is not easy to achieve in this uncommon 
disorder and would require (inter)national collaborations. 
Our study is limited by the small number of patients and 
their retrospective character. B cells were measured regu-
larly, however, not at predefined time points.

Our case series illustrates that RTX can induce prolonged 
remissions even in patients with longstanding scleritis, resistant 
to conventional immunosuppressive drugs. As some of the 
remissions obtained were longstanding even after a single 
cycle of RTX, and relapses responded promptly when re- 
treated with RTX, we conclude that continued treatment with 
RTX is not necessary in all patients. Our data indicate that RTX 
treatment “on demand” might represent an appropriate initial 
approach in patients with scleritis. Repeated B-cell monitoring 
might be of value to exclude a relapse, but recurrence of B cells 
does not predict relapse of disease.

Acknowledgments

The authors would like to thank Aniki Rothova for her critical revision of 
the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported that there is no funding associated with the work 
featured in this article.

ORCID

Mirjam E. J. van Velthoven, MD, PhD http://orcid.org/0000-0002- 
5376-4173

Data availability statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. Watson PG, Hayreh SS, Awdry PN. Episcleritis and scleritis. I. Br 
J Ophthalmol. 1968;52(3):278–279 contd. doi:10.1136/bjo.52.3.278.

2. Wakefield D, Di Girolamo N, Thurau S, Wildner G, McCluskey P. 
Scleritis: challenges in immunopathogenesis and treatment. Discov 
Med. 2013a;16:153–157.

3. Wakefield D, Di Girolamo N, Thurau S, Wildner G, McCluskey P. 
Scleritis: immunopathogenesis and molecular basis for therapy. 
Prog Retinal Eye Res. 2013b;35:44–62. doi:10.1016/j.preteyeres. 
2013.02.004.

4. Watson Peter G, Jaypee B. The sclera and systemic disorders. Jaypee 
Brothers Medical Publisher (P) Ltd.; 2012.

Figure 2. B-cell dynamics and recurrences of patients with treatment-refractory scleritis (N = 4). B-cell counts during the course of scleritis visualized in a selection of 
four patients out of our cohort with 10 patients. In all recurrences of all patients wherein B-cell count was measured, B cells were higher than zero or rising.

OCULAR IMMUNOLOGY AND INFLAMMATION 5

https://doi.org/10.1136/bjo.52.3.278
https://doi.org/10.1016/j.preteyeres.2013.02.004
https://doi.org/10.1016/j.preteyeres.2013.02.004


5. Wieringa WG, Wieringa JE, ten Dam-van Loon NH, Los LI. Visual 
outcome, treatment results, and prognostic factors in patients with 
scleritis. Ophthalmology. 2013;120(2):379–386. doi:10.1016/j. 
ophtha.2012.08.005.

6. Yoshida A, Watanabe M, Okubo A, Kawashima H. Clinical char-
acteristics of scleritis patients with emphasized comparison of 
associated systemic diseases (anti-neutrophil cytoplasmic 
antibody-associated vasculitis and rheumatoid arthritis). Jpn 
J Ophthalmol. 2019;63(5):417–424. doi:10.1007/s10384-019- 
00674-7.

7. Cheson BD. Monoclonal antibody therapy for B-cell malignancies. 
Semin Oncol. 2006;33:S2–14. doi:10.1053/j.seminoncol.2006.01.024.

8. Taylor RP, Lindorfer MA. Drug insight: the mechanism of action 
of rituximab in autoimmune disease—the immune complex decoy 
hypothesis. Nat Clin Pract Rheumatol. 2007;3(2):86–95. doi:10. 
1038/ncprheum0424.

9. Thiel J, Rizzi M, Engesser M, et al. B cell repopulation kinetics after 
rituximab treatment in ANCA-associated vasculitides compared 
to rheumatoid arthritis, and connective tissue diseases: 
a longitudinal observational study on 120 patients. Arthritis Res 
Ther. 2017;19:101. doi:10.1186/s13075-017-1306-0.

10. Ahmed A, Foster CS. Cyclophosphamide or rituximab treatment of 
scleritis and uveitis for patients with granulomatosis with polyangiitis. 
Ophthalmic Res. 2019;61(1):44–50. doi:10.1159/000486791.

11. Cao JH, Oray M, Cocho L, Foster CS. Rituximab in the treatment 
of refractory noninfectious scleritis. Am J Ophthalmol. 
2016;164:22–28. doi:10.1016/j.ajo.2015.12.032.

12. Suhler EB, Lim LL, Beardsley RM, et al. Rituximab therapy for 
refractory scleritis: results of a phase I/II dose-ranging, rando-
mized, clinical trial. Ophthalmology. 2014;121(10):1885–1891. 
doi:10.1016/j.ophtha.2014.04.044.

13. Taylor SR, Salama AD, Joshi L, Pusey CD, Lightman SL. Rituximab 
is effective in the treatment of refractory ophthalmic Wegener’s 
granulomatosis. Arthritis Rheum. 2009;60(5):1540–1547. doi:10. 
1002/art.24454.

14. Calich AL, Puechal X, Pugnet G, et al. Rituximab for induction and 
maintenance therapy in granulomatosis with polyangiitis 
(Wegener’s). Results of a single-center cohort study on 66 patients. 
J Autoimmun. 2014;50:135–141.

15. Cartin-Ceba R, Golbin JM, Keogh KA, et al. Rituximab for 
remission induction and maintenance in refractory granuloma-
tosis with polyangiitis (Wegener’s): ten-year experience at 
a single center. Arthritis Rheum. 2012;64(11):3770–3778. 
doi:10.1002/art.34584.

16. Joshi L, Tanna A, McAdoo SP, et al. Long-term outcomes of 
rituximab therapy in ocular granulomatosis with polyangiitis: 
impact on localized and nonlocalized disease. Ophthalmology. 
2015;122(6):1262–1268. doi:10.1016/j.ophtha.2015.01.016.

17. Gezelschap NO. Richtlijn Uveitis Uveitis screening. In: Nederlands 
Oogheelkundig Gezelschap; 2015:36–39.

18. Heeringa JJ, Karim AF, van Laar JAM, et al. Expansion of blood 
IgG4(+) B, TH2, and regulatory T cells in patients with 
IgG4-related disease. J Allergy Clin Immunol. 2018;141(5):1831– 
1843 e1810. doi:10.1016/j.jaci.2017.07.024.

19. Berkowska MA, Driessen GJ, Bikos V, et al. Human memory 
B cells originate from three distinct germinal center-dependent 
and -independent maturation pathways. Blood. 2011;118 
(8):2150–2158. doi:10.1182/blood-2011-04-345579.

20. Ahmadi-Simab K, Lamprecht P, Nolle B, Ai M, Gross WL. 
Successful treatment of refractory anterior scleritis in primary 
Sjogren’s syndrome with rituximab. Ann Rheum Dis. 
2005;64:1087–1088. doi:10.1136/ard.2004.027128.

21. Bogdanic-Werner K, Fernandez-Sanz G, Alejandre Alba N, Ferrer 
Soldevila P, Romero-Bueno FI, Sanchez-Pernaute O. Rituximab 
therapy for refractory idiopathic scleritis. Ocul Immunol Inflamm. 
2013;21(4):329–332. doi:10.3109/09273948.2013.788724.

22. Cheung CM, Murray PI, Savage CO. Successful treatment of 
Wegener’s granulomatosis associated scleritis with rituximab. Br 
J Ophthalmol. 2005;89(11):1542. doi:10.1136/bjo.2005.075689.

23. Iaccheri B, Androudi S, Bocci EB, Gerli R, Cagini C, Fiore T. 
Rituximab treatment for persistent scleritis associated with rheu-
matoid arthritis. Ocul Immunol Inflamm. 2010;18(3):223–225. 
doi:10.3109/09273941003739928.

24. Kurz PA, Suhler EB, Choi D, Rosenbaum JT. Rituximab for treat-
ment of ocular inflammatory disease: a series of four cases. Br 
J Ophthalmol. 2009;93(4):546–548. doi:10.1136/bjo.2007.133173.

25. Miserocchi E, Pontikaki I, Modorati G, Gattinara M, Meroni PL, 
Gerloni V. Anti-CD 20 monoclonal antibody (rituximab) treat-
ment for inflammatory ocular diseases. Autoimmun Rev. 2011;11 
(1):35–39. doi:10.1016/j.autrev.2011.07.001.

26. Recillas-Gispert C, Serna-Ojeda JC, Flores-Suarez LF. Rituximab 
in the treatment of refractory scleritis in patients with granuloma-
tosis with polyangiitis (Wegener’s). Graefes Arch Clin Exp 
Ophthalmol. 2015;253(12):2279–2284. doi:10.1007/s00417-015- 
3198-5.

27. Vergouwen DPC, van Laar JAM, Ten Berge JC, Ramdas WD, 
Rothova A. Efficacy and maintenance of rituximab treatment in 
non-infectious scleritis. Acta Ophthalmol. 2022;. doi:10.1111/aos. 
14939.

28. You C, Ma L, Lasave AF, Foster CS. Rituximab induction and 
maintenance treatment in patients with scleritis and granuloma-
tosis with polyangiitis (Wegener’s). Ocul Immunol Inflamm. 
2018;26(8):1166–1173. doi:10.1080/09273948.2017.1327602.

29. Alba MA, Flores-Suarez LF. Rituximab as maintenance therapy for 
ANCA associated vasculitis: how, when and why? Reumatol Clin. 
2016;12(1):39–46. doi:10.1016/j.reuma.2015.06.002.

30. Harper L, Morgan MD, Walsh M, et al. Pulse versus daily oral 
cyclophosphamide for induction of remission in ANCA-associated 
vasculitis: long-term follow-up. Ann Rheum Dis. 2012;71 
(6):955–960. doi:10.1136/annrheumdis-2011-200477.

6 K. VAN BILSEN ET AL.

https://doi.org/10.1016/j.ophtha.2012.08.005
https://doi.org/10.1016/j.ophtha.2012.08.005
https://doi.org/10.1007/s10384-019-00674-7
https://doi.org/10.1007/s10384-019-00674-7
https://doi.org/10.1053/j.seminoncol.2006.01.024
https://doi.org/10.1038/ncprheum0424
https://doi.org/10.1038/ncprheum0424
https://doi.org/10.1186/s13075-017-1306-0
https://doi.org/10.1159/000486791
https://doi.org/10.1016/j.ajo.2015.12.032
https://doi.org/10.1016/j.ophtha.2014.04.044
https://doi.org/10.1002/art.24454
https://doi.org/10.1002/art.24454
https://doi.org/10.1002/art.34584
https://doi.org/10.1016/j.ophtha.2015.01.016
https://doi.org/10.1016/j.jaci.2017.07.024
https://doi.org/10.1182/blood-2011-04-345579
https://doi.org/10.1136/ard.2004.027128
https://doi.org/10.3109/09273948.2013.788724
https://doi.org/10.1136/bjo.2005.075689
https://doi.org/10.3109/09273941003739928
https://doi.org/10.1136/bjo.2007.133173
https://doi.org/10.1016/j.autrev.2011.07.001
https://doi.org/10.1007/s00417-015-3198-5
https://doi.org/10.1007/s00417-015-3198-5
https://doi.org/10.1111/aos.14939
https://doi.org/10.1111/aos.14939
https://doi.org/10.1080/09273948.2017.1327602
https://doi.org/10.1016/j.reuma.2015.06.002
https://doi.org/10.1136/annrheumdis-2011-200477

	Abstract
	Materials and methods
	Patients and data collection
	Medication and laboratory examinations
	Statistical analysis

	Results
	Responses
	B cell levels

	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References

