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Abstract: Non-infectious uveitis (NIU) is an immune-mediated disorder manifesting as ocular pain, redness, floaters, and photo-
phobia, and is a leading cause of preventable blindness. Managing NIU presents considerable challenges due to the condition’s 
resistance to high-dose corticosteroids and various immunotherapies. This review assesses the efficacy and safety of rituximab (RTX) 
in the treatment of NIU, based on individual case reports and small-scale studies. A cohort of 78 patients (20 males, 58 females), with 
a mean onset age of 32.3 years (range 8–72), was analyzed. Juvenile idiopathic arthritis (JIA) was the most frequently associated 
comorbidity, affecting 28 patients, while anterior uveitis was the predominant subtype, observed in 26 of 47 cases. Prior to RTX 
therapy, patients had been treated with an average of 1.7 conventional immunosuppressive agents (range 0–5) and 1.1 biologics (range 
0–4). RTX was introduced following the failure of high-dose corticosteroids, immunosuppressive drugs, and biologics to control the 
uveitis. The median time from diagnosis to RTX initiation was 7.7 years (range 0.25–21). Post-RTX, 44.2% of patients experienced 
improvement in visual acuity, 79.5% achieved resolution of ocular inflammation, and 8.9% showed partial improvement. Additionally, 
81.1% were able to reduce their corticosteroid dosage. Overall, 88.6% (69 out of 78) demonstrated a positive response to RTX 
treatment. These findings indicate that RTX may serve as an effective therapeutic option for NIU unresponsive to steroids and multiple 
immunotherapies. It may also warrant consideration as a potential first-line treatment in certain cases. 
Keywords: non-infectious uveitis, Uveitis, rituximab, RTX, CD20 targeting

Introduction
Non-infectious uveitis (NIU) is an immune-mediated disorder presenting with symptoms such as ocular pain, redness, 
floaters, and photophobia, and is recognized as a leading cause of preventable blindness.1 NIU encompasses various 
conditions, including juvenile idiopathic arthritis (JIA), Behçet’s disease, sarcoidosis, multifocal choroiditis, multiple 
sclerosis, granulomatous polyangiitis, rheumatoid arthritis, serpiginous choroiditis, sympathetic ophthalmia, Vogt- 
Koyanagi-Harada syndrome(VKH), and birdshot retinochoroidopathy.2,3

The complications of uveitis, which can result in vision loss, include early manifestations such as cystoid macular edema 
and vitreous haze, and late-stage complications like cataracts, glaucoma,3 and irreversible retinal damage.4 Prompt and 
accurate diagnosis, involving the exclusion of masquerade syndromes, is crucial for initiating early and effective 
intervention.5,6

Corticosteroids are the cornerstone of initial NIU management, delivered systemically, locally via periocular or 
intravitreal routes, or through intravitreal implants. However, systemic corticosteroids are associated with significant 
adverse effects, including cataracts, glaucoma, diabetes, and osteoporosis, making their long-term use unfavorable.4,7–10 

For patients with severe or chronic NIU who exhibit inadequate response to corticosteroids, or for those unable to tolerate 
them or experiencing disease recurrence upon steroid tapering, second-line therapies involve immunosuppressants such 
as methotrexate, mycophenolate mofetil, and cyclosporine.11–13 These agents allow for corticosteroid-sparing regimens, 
reducing related complications. In cases where disease activity persists or these treatments are not tolerated, particularly 
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in patients with a high risk of vision loss or systemic diseases linked to uveitis, biologics like adalimumab may be 
employed.14,15

Adalimumab has demonstrated particular efficacy in managing uveitis associated with pediatric rheumatic diseases,16 

with pooled response rates approximating 68.0% (95% CI: 65.4–70.6%).17 While anti-TNFα therapies generally induce 
clinical improvement, they may fail to control intraocular inflammation in some patients, may be contraindicated, or 
discontinued due to adverse effects, posing substantial clinical challenges.18

Rituximab (RTX), a chimeric mouse/human monoclonal antibody targeting the CD20 antigen on naive and memory 
B cells, has emerged as a potent therapy for autoimmune diseases resistant to conventional immunosuppressive regimens, 
through its ability to deplete pathogenic B cells.19–23 The efficacy of anti-CD20-mediated B-cell depletion in autoimmune 
disease management highlights the pivotal role B cells play in the pathogenesis and progression of these disorders.24

Initially approved for non-Hodgkin B-cell lymphoma, RTX has since become widely utilized in treating B-cell 
malignancies,25 primary central nervous system lymphoma,26 and autoimmune conditions such as rheumatoid arthritis 
(RA),27 systemic lupus erythematosus (SLE),28 and anti-synthetase syndrome.29 Moreover, RTX has shown promise in 
managing ocular inflammatory disorders, including refractory peripheral ulcerative keratitis, scleritis, and uveitis.30

Recently, RTX has gained increasing attention for its application in the treatment of NIU, as evidenced by case 
reports and small-scale studies. This review seeks to assess the efficacy and safety of RTX in managing NIU.

Methods
Search Strategy
A systematic review was conducted by searching PubMed, Embase, and Web of Science for case reports and case series 
on patients with NIU treated with RTX up until April 2024, without language restrictions. The search strategy employed 
terms including “non-infectious uveitis”, “uveitis”, “RTX”, “rituximab”, and “CD20 targeting”. Additionally, a manual 
review of references from relevant articles was performed to ensure comprehensive coverage. Initial searches and data 
extraction were carried out by H.C. and X.M., with subsequent review and revision by both to ensure accuracy and rigor 
in the analysis. Figure 1 presents the flowchart outlining the paper selection process.

Figure 1 Flowchart of Study Selection Process.
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Inclusion and Exclusion Criteria
Uveitis was classified anatomically according to the International Uveitis Study Group (IUSG) criteria.31 Two main 
criteria guided the inclusion of patients: (a) A confirmed NIU diagnosis, meeting IUSG standards, and treatment with 
RTX; (b) Exclusion of uveitis cases associated with conditions such as syphilis, tuberculosis, herpes simplex virus, 
varicella-zoster virus, toxoplasmosis, Epstein-Barr virus, and cytomegalovirus. Cases with comprehensive epidemiolo-
gical data, detailed clinical manifestations, and full therapeutic information were included, while studies reporting large 
patient cohorts without individual data were excluded.

Data Collection
Data extracted for analysis included age, sex, clinical features such as uveitis location and the affected eye, and visual 
acuity both at baseline and post-therapy, reported in Snellen equivalents. Ocular complications were recorded, as well as 
any prior use of immunosuppressants and biologics. Additional data encompassed the time between initial symptom 
onset and RTX initiation (in months), RTX treatment protocols, and any adverse reactions or side effects experienced 
during RTX therapy. This comprehensive dataset facilitated an in-depth assessment of RTX’s efficacy and safety in 
treating NIU.

Response Criteria
Responsiveness to RTX was evaluated based on the following criteria: (a) Achievement of an inactive disease state or 
a two-step or greater reduction in inflammation, as graded by the Standardization of Uveitis Nomenclature (SUN) 
group;32 (b) A reduction in prednisone dosage to 10 mg per day or less (or an equivalent corticosteroid dose), while 
maintaining uveitis remission; (c) The original authors’ assessment of the patient’s clinical status.

Statistical Analysis
The extracted data were compiled into a database and analyzed using SPSS version 22.0. Continuous variables were 
described by the number of observations and reported as mean and standard deviation or median and range, as 
appropriate. Qualitative variables were presented as counts and percentages for the most relevant parameters. 
McNemar’s test was used to evaluate trends across groups for qualitative data, with statistical significance set at an 
alpha level of 0.05. This methodological approach allowed for robust identification of significant trends and differences 
within the study population.

Results
Baseline Characteristics of the Sample
By April 2024, our comprehensive search across PubMed, Embase, and Web of Science identified 2, 200 potentially 
relevant articles. An additional 23 articles were found through the manual review of bibliographies from the retrieved 
papers. From these sources, clinical data were extracted for 78 patients who met the inclusion criteria, spanning 24 
reports (Table 1). The cohort comprised 10 retrospective studies involving between two and ten patients, 13 case reports, 
and one randomized single-blind controlled trial.

The key epidemiological features of the 78 patients are summarized in Table 2. The cohort displayed a higher 
prevalence of females, with 58 women and 20 men. The average age at the commencement of RTX therapy was 32.3 
years, with a standard deviation of 17.3, ranging from 8 to 72 years. JIA was the most common comorbid condition 
associated with uveitis, affecting 28 patients.35–39 Among the 47 patients with documented uveitis locations, anterior 
uveitis was the most frequent, present in 26 cases. Other subtypes included intermediate uveitis in 4 patients, posterior 
uveitis in 11, and panuveitis in 5. Additionally, 2 patients exhibited both anterior and intermediate uveitis, while 3 had 
both anterior and posterior uveitis. Out of 53 patients with available data on ocular involvement, 41 presented with 
bilateral uveitis, and 12 with unilateral. The median time from uveitis diagnosis to the initiation of RTX therapy was 7.7 
years, with a range from 0.25 to 21 years. Prior to RTX treatment, common ocular complications included synechiae in 
29 patients, cataracts in 27, and band keratopathy in 24.
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Therapeutic Schemes Before RTX Onset
Before starting RTX therapy, the vast majority of patients (75/78) had undergone intraocular corticosteroid treatment. 
Additionally, most were treated with conventional immunosuppressive agents, averaging 1.7 agents per patient (range 
0–5). The most frequently used immunosuppressants were methotrexate (n=40) and cyclosporine (n=34). Biologic agents 
were also commonly employed, with an average of 1.1 agents per patient (range 0–4), including infliximab (n=30) and 
adalimumab (n=28). The switch to RTX was driven by the failure of high-dose corticosteroids, conventional immuno-
suppressants, or biologics to adequately control active uveitis.

Table 1 Essential Details and Pre-RTX Information

Patient number 78

Age at the time of therapy (mean, range; years) 31.70
Sex (female/male) 58/20

Immunosuppressants prior to RTX: Common galenic form, dosage, and number of users (n)
Corticosteroid: Pills; 1–1.5mg/kg/d 75
Methotrexate: Pills, IM, subcut, IV, or intravitreal injections; Initially 7.5–15 mg/week, then 20–25 mg/week. 40

Cyclosporine: Initially capsules, later a micro-emulsion; 50–200 mg/day 34

Mycophenolate Mofetil: pills; 1000–2000 mg/day 24
Cyclophosphamide: Pills: 1–5 mg/kg/day; IV: 500 mg-2 g/dose, every 1–4 weeks 9

Azathioprine; Pills; 2mg/kg/day 9

Leflunomide; Pills; Loading dose 100 mg/day × 3 days,33 then 20 mg/day 4
Interferon: Subcutaneous; No consensus; Park et al34 suggested 6–9 MIU/day × 7 days, then 3 MIU 3×/week. Duration: 3–58 months. 3

Tacrolimus: Pills; 0.05 mg/kg/day 2

Chlorambucil: Pills; 0.1–0.2 mg/kg/day. 2
Indomethacin: Pills; 25–50 mg 2–3×/day 1

Hydroxychloroquine: Pills; 200–400 mg/day, 1–2x 2

Sulfasalazine: Pills; 500 mg-1 g 2–3×/day 1
Biological inhibitors prior to RTX (n)

Infliximab: IV; Initial 5 mg/kg at weeks 0, 2, and 6, then 4–8 week intervals based on response 30

Adalimumab: Subcutaneous; 40mg every 2 weeks 28
Etanercept: Subcutaneous; 0.08 mg/kg/week 24

Abatacept: infusions; 10 mg/kg at 0, 2, and 4 weeks, then every 4–6 weeks 4

Ranibizumab: IV; 0.5 mg (0.05 mL) every 4 weeks × 3 months, then every 4–8 weeks 3
Bevacizumab: IV; 5–10 mg/kg every 2–3 weeks 1

Complications prior to RTX (n)
Synechiae 29
Cataract 27

Band keratopathy 24

Glaucoma 16
Macular edema 12

Scleritis 6

Epiretinal membrane 5
Retinal vasculitis 3

Phthisis bulbi 2

Peripheral ulcerative keratitis 2
BRVO 2

Serous retinal detachment 2

Opacification of the posterior capsule 1
Optic atrophy 1

Opacification of the posterior capsule 1

Foveal fibrotic scar 1
Choroidal atrophic scars 1

Foveal atrophy secondary 1
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Table 2 Clinical Course of Patients with NIU Receiving RTX

Ref. Patient no./Age at 
Entry, Years/Sex

Disease- 
Causing Uveitis

Uveitis 
Type

Visual 
Acuity 
Before 
RTX

Visual 
Acuity 
at Last 

Visit

RTX Treatment Schedule Steroids 
Before 

Rituximab 
and at the 
Last Visit

Inflammatory 
Reaction

RTX 
Response

135 1/20/F JIA AU – – 375 mg/m2, 2-week apart 7–2 (drops) Inactive Success

2/15/F JIA AU – – 375 mg/m2, 2-week apart h-1 (drops) Inactive Success

3/21/F JIA AU+IU – – 375 mg/m2, 2-week apart 4–0 (drops) Inactive Success

4/16/F JIA AU – – 375 mg/m2, 2-week apart 4–2 (drops) Inactive Success

5/32/F JIA AU – – 375 mg/m2, 2-week apart 2–2 (drops) Active Failure

6/14/F JIA AU – – 375 mg/m2, 2-week apart 6–1 (drops) Inactive Success

7/22/F JIA AU – – 375 mg/m2, 2-week apart 3–3 (drops) Inactive Success

8/18/F JIA AU – – 375 mg/m2, 2-week apart 2–1 (drops) Inactive Success

9/24/F JIA AU – – 375 mg/m2, 2-week apart h-h (drops) Active Failure

10/15/F JIA AU – – 375 mg/m2, 2-week apart 6–6 (drops) Active Failure

236 11 Mean age 20.26 
(13–34) 

2M6F

JIA – NLP 
20/40

NLP 
20/40

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 7.5–0 mg/d Inactive Success

12 JIA – 20/200 

20/40

20/40 

20/40

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 25–12.5 mg/d Inactive Success

13 JIA – 20/20 

20/20

20/20 

20/20

1000 mg×2, 2-week apart, 3rd at 12 or 21 months 0–0 mg/d Active Failure

14 JIA – 20/25 

20/20

20/25 

20/20

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 25–12.5 mg/d Inactive Success

15 JIA – 20/40 

20/60

20/40 

20/60

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 20–12.5 mg/d Inactive Success

16 JIA – NLP 

20/20

NLP 

20/20

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 15–0 mg/d Inactive Success

17 JIA – 20/20 

20/20

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 0–0 mg/d Inactive Success

18 JIA – 20/60 

NLP

20/60 

NLP

1000 mg × 2, 2-week apart, 3rd at 12 or 21 months 20–2.5 mg/d Inactive Success

(Continued)
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Table 2 (Continued). 

Ref. Patient no./Age at 
Entry, Years/Sex

Disease- 
Causing Uveitis

Uveitis 
Type

Visual 
Acuity 
Before 
RTX

Visual 
Acuity 
at Last 

Visit

RTX Treatment Schedule Steroids 
Before 

Rituximab 
and at the 
Last Visit

Inflammatory 
Reaction

RTX 
Response

340 19/22/F JIA AU+PU NLP 

20/40

NLP 

20/40

1000 mg × 2, 2-week apart, 3rd at 6 months 7.5–0 mg/d Inactive Success

20/23/F JIA AU+PU 20/20 

20/200

20/20 

20/60

1000 mg × 2, 2-week apart, 3rd at 6 months 25–2.5 mg/d Inactive Success

21/26/F JIA AU 20/40 

20/20

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months 25–5 mg/d Inactive Success

22/23/F JIA AU 20/25 

20/20

20/25 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months 25–0 mg/d Inactive Success

23/22/M JIA AU 20/40 

20/60

20/40 

20/60

1000 mg × 2, 2-week apart, 3rd at 6 months 20–7.5 mg/d Inactive Success

24/34/F JIA AU NLP 

20/20

NLP 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months 15–0 mg/d Inactive Success

25/17/F JIA AU 20/20 

20/20

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months 0–0 mg/d Inactive Success

26/16/M JIA AU+PU 20/60 

NLP

20/60 

NLP

1000 mg × 2, 2-week apart, 3rd at 6 months 20–0 mg/d Inactive Success

438 27/12/M JIA AU – – 500 mg/m2, 2-week apart 20–5 mg/d Active Failure

539 28/13/F JIA AU – – 1000 mg × 2, 2-week apart, 3rd at 6 months 7.5 mg/d-NA Inactive Success

29/55/F RA AU – – 1000 mg × 2, 2-week apart, 3rd at 6 months 5–5 mg/d Inactive Success

30/26/F BD IU – – 1000 mg × 2, 2-week apart, 3rd at 6 months 40–20 mg/d Active Failure

641 31/19/F BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 
d-NA

Improved Success

32/17/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 
d-NA

Improved Success

33/32/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 

d-NA

Maintained the 

baseline

Failure
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34/24/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 

d-NA

Improved Success

35/28/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 

d-NA

Improved Success

36/20/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 

d-NA

Improved Success

37/22/M BD PU – – 1000 mg × 2, 2-week apart 0.5 mg/kg/ 

d-NA

Improved Success

742 38/29/M BD – 2/10 8/10 1000 mg × 2, 2-week apart 20–5 mg/d Improved Success

843 39/28/F VKH – 20/40 
CF

20/20 
CF

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

40/33/F VKH – 20/40 
20/40

20/30 
20/30

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

41/22/F VKH – 20/200 
CF

20/30 
20/200

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

42/18/F VKH – 20/100 
20/200

20/30 
20/60

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

43/20/F VKH – 20/30 

20/30

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

44/14/F VKH – 20/30 

20/40

20/20 

20/20

375mg/m2 × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

45/35/F VKH – 20/40 

20/40

20/25 

20/30

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

46/8/F VKH – 20/80 

20/60

20/40 

20/40

375mg/m2 × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

47/35/F VKH – HM 

20/200

HM 

20/60

1000 mg × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

944 48/43/F VKH – 20/25 

20/22

20/22 

20/35

1000 mg × 2, 2-week apart, 3rd at 6 months (if relapse) DNS -  

< 10 mg/d

Inactive Success

49/50/F VKH – 20/22 

20/25

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months (if relapse) DNS -  

< 10 mg/d

Inactive Success

(Continued)
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Table 2 (Continued). 

Ref. Patient no./Age at 
Entry, Years/Sex

Disease- 
Causing Uveitis

Uveitis 
Type

Visual 
Acuity 
Before 
RTX

Visual 
Acuity 
at Last 

Visit

RTX Treatment Schedule Steroids 
Before 

Rituximab 
and at the 
Last Visit

Inflammatory 
Reaction

RTX 
Response

50/53/F VKH – 20/50 

20/25

20/20 

20/20

1000 mg × 2, 2-week apart, 3rd at 6 months (if relapse) DNS -  

< 10 mg/d

Inactive Success

51/72/M VKH – 20/50 

20/28

20/20 

20/22

1000 mg × 2, 2-week apart, 3rd at 6 months (if relapse) DNS -  

< 10 mg/d

Inactive Success

52/57/F VKH – 20/25 

20/32

20/22 

20/50

1000 mg × 2, 2-week apart, 3rd at 6 months (if relapse) DNS -  

< 10 mg/d

Inactive Success

1045 53/8/F VKH – 20/100 

20/100

20/40 

20/40

375 mg/m2 × 2, 2-week apart, 3rd at 6 months 1 mg/kg/d-NA Inactive Success

1146 54/41/F VKH – 0.4 

CF

0.2 

HM

1000 mg × 3,at1,6 and 16 months 1 g/d-NA Inactive Success

1247 55/17/F VKH PAU – – 1000 mg × 2, 2-week apart, 3rd at 6 months 5 mg/d-NA Inactive Success

1348 56/10/F VKH – – 375 mg/m2 × 4, at 0,1,6,18 months 30 mg/d-NA Inactive Success

1449 57/36/F MS IU 20/25 
20/25

20/25 
20/25

1000 mg × 2, 2-week apart, 3rd at 6 months 60–7.5 mg/d Inactive Success

58/50/F MS IU 20/32 
20/25

20/25 
20/25

1000 mg × 2, 2-week apart, 3rd at 6 months 0–0 mg/d Inactive Success

59/62/M MS IU 20/400 
20/250

20/126 
20/200

1000 mg × 2, 2-week apart, 3rd at 6 months DNS-DNS Inactive Success

1550 60/42/F MS AU – – 2000mg × 1,1000 mg × 1.4-week apart, second cycle after 
6 months

1 mg/kg/d-NA Inactive Success

1651 61/50/M MS PAU – – 2000 mg × 2, 2-week apart 25 mg/d-NA Active Failure

1752 62/62/F MS, SS IU 20/250 

20/250

20/66 

20/100

500 mg, 6-month apart DNS-DNS Success

1853 63/59/F GPA – – – 2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

64/56/F GPA – 0.3 

0.3

0.1 

0.4

375 mg/m2 body surface area × 8 consecutive weeks, and 

monthly infusions thereafter

DNS-DNS Inactive Success
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65/72/F GPA – 0.3 

0.1

2.0 

0.1

2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

66/54/M GPA – 0.3 

0

0.4 

–0.12

375 mg/m2 body surface area × 4 consecutive weeks DNS-DNS Inactive Success

67/53/F GPA – 0.3 

0.4

0 

0.4

2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

1954 68/39/F AAV PU 20/50 

20/80

FC 

20/1000

375 mg/m2 body surface area × 4 consecutive weeks DNS-DNS Relapse Failure

69/54/M AAV PAU 20/20 

20/25

20/20 

20/25

2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

70/56/F AAV PAU 20/20 

20/20

20/25 

20/20

375 mg/m2 × 8 consecutive weeks, and monthly infusions 

thereafter

DNS-DNS Inactive Success

71/60/F AAV PU 20/30 

20/70

20/20 

20/30

2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

72/68/F AAV PU 20/20 

20/25

20/25 

20/25

2 doses of 1,000 mg (2 weeks apart) every 3–6 months DNS-DNS Inactive Success

2055 73/48/M DUS – NLP 

CF

20/200 

20/80

375 mg/m2 × 8 consecutive weeks 20–0 mg/d Inactive Success

74/14/F DUS – 20/20 

20/200

20/20 

20/200

375 mg/m2 × 8 consecutive weeks DNS-0 mg/d Inactive Success

2156 75/40/M Type II E AU 20/80 

20/70

20/20 

20/20

795 mg × 4 consecutive weeks 60–5 mg/d Inactive Success

2230 76/62/M BSCR AU+IU 6/15 

6/12

6/17 

6/16

1000 mg×2, 2-week apart 60–5 mg/d Inactive Success

2357 77/49/F EU AU 20/200 
20/60

20/60 
20/30

375 mg/m2 × 4 consecutive weeks 20–0 mg/d Inactive Success

2458 78/33/F SLE PAU 1/60 
CF

6/24 
6/36

1000 mg×2, 2-week apart 15 mg/d-NA Inactive Success

Abbreviations: JIA, Juvenile Idiopathic Arthritis; RA, Rheumatoid Arthritis; BD, Behçet’s Disease; VKH, Vogt-Koyanagi-Harada Disease; MS, Multiple Sclerosis; SS, Sjögren’s Syndrome; GPA, Granulomatosis with Polyangiitis; AAV, 
ANCA-associated Vasculitis; DUS, Diffuse subretinal fibrosis uveitis; Type II E, Type II Essential; BSCR, birdshot chorioretinopathy; EU, Endogenous uveitis; SLE, Systemic Lupus Erythematosus; AU, Anterior Uveitis; IU, Intermediate 
Uveitis; PU, Posterior Uveitis; PAU, Panuveitis; NA, Not Available; DNS, Dose not specified.
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Three main infusion protocols for RTX were identified: (a) the Rheumatologic protocol,59 involving two doses of 1000 mg 
administered 14 days apart, followed by maintenance doses every 3 to 6 months; (b) the Oncologic protocol,60 consisting of 
four weekly doses of 375 mg/m² of body surface area (BSA), with maintenance every 3 to 6 months; and (c) the Foster 
protocol,61 involving eight weekly doses of 375 mg/m² BSA, followed by monthly maintenance doses. Of the 78 patients, 
68.3% (54/78) adhered to the Rheumatologic protocol, 6.3% (5/78) followed the Oncologic protocol, and 3.8% (2/78) used the 
Foster protocol. Additional regimens were also reported, including: two doses of 375 mg/m² administered two weeks apart in 
13.9% (11/78); two doses of 500 mg administered two weeks apart in 1.2% (1/78); three doses of 1000 mg at months 1, 6, and 
18 in 1.2% (1/78); four doses of 375 mg/m² at months 0, 1, 6, and 18 in 1.2% (1/78); two doses of 2000 mg two weeks apart in 
1.2% (1/78); one dose of 2000 mg followed by one dose of 1000 mg two weeks later in 1.2% (1/78); and 500 mg administered 
every 6 months in 1.2% (1/78).

Clinical Efficacy of RTX
RTX therapy yielded positive outcomes, with 88.6% (69 out of 78) of patients demonstrating a favorable response. However, 
11.4% (9 out of 78) discontinued treatment due to inadequate control of inflammation, infections, or other factors, as outlined 
in Table 3.35,36,38,39,41,51,54 Visual acuity improvements were observed in 44.2% (23 out of 52) of patients post-treatment, 
while 30.8% (16 out of 52) exhibited no change, and 25% (13 out of 52) experienced a decline. In terms of ocular 
inflammation, 79.5% (62 out of 78) of patients achieved complete resolution, and 8.9% (7 out of 78) showed partial 
improvement. Moreover, corticosteroid dosage was reduced in 81.1% (20 out of 37) of patients following RTX therapy.

RTX was generally well-tolerated, with 10.3% (8 out of 78) of patients reporting adverse effects. Two patients 
experienced infusion-related reactions, including tremors and gastrointestinal discomfort during their initial 
administration.48,57 Additionally, 7.5% (6 out of 78) developed infections, which included pneumonia (2 cases),41,51 

conjunctivitis (2 cases),41 COVID-19 (1 case),52 and a toenail fungal infection (1 case),55 as summarized in Table 3.

Table 3 Summary of Patients Experiencing Treatment Failure and Infection

Patient  
no./age at 
Entry,  
Years/Sex

Interval from 
Uveitis Diagnosis 

to RTX 
Treatment 
(Months)

Drugs used 
before RTX 
Treatment

RTX Treatment 
Schedule

Outcome Adverse 
Events

Remark

5/32/F 48 MTX, CS, ETA, 

ADA, INFL

375 mg/m2, 2-week apart Active – No 3rd injection

9/24/F 168 MTX, CS, AZA, 

ADA

375 mg/m2, 2-week apart Active – No 3rd injection

10/15/F 48 MTX, CS, MMF, 

ETA, INFL, ADA

375 mg/m2, 2-week apart Active – No 3rd injection

13/-/- 132 MTX, CS, ETA, 

ADA, INFL

1000 mg × 2, 2-week 

apart, 3rd at 12 or 21 

months

Relapse 

At 8th month

– Relapse before 

3rd injection

27/12/M 120 MTX, IND, CS, 

ETA, INFL, ADA, 
ABA

500 mg/m2, 2-week apart Relapse 

After 
20 weeks

– B-cell depletion 

not enough  
(> 4%)

30/26/F 168 LEF, AZA, CYC, 
MTX, IFN, ETA, 

INFL

1000 mg × 2, 2-week 
apart, 3rd at 6 months

Eye 
enucleation

– B-cell depletion 
not enough 

(> 3%)

(Continued)
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Discussion
A systematic review was conducted to evaluate the efficacy of RTX in 78 patients with NIU. The analysis targeted patients 
who were either unresponsive or resistant to high-dose corticosteroids, conventional immunosuppressants, or biologic agents, 
positioning RTX as an alternative treatment. Clinical improvements following RTX therapy were evident through reduced 
inflammation, enhanced visual acuity, and decreased dependence on steroids. Notably, 88.5% of patients (69 out of 78) 
exhibited both clinical and laboratory improvements, with a particularly high response rate in those with VKH-associated 
uveitis (100%, 19 out of 19). While this significant response rate may be partially attributed to the small sample size, the rarity 
of NIU poses challenges for conducting large-scale randomized controlled trials. Despite the limited number of trials 
available, these findings underscore the potential benefit of early RTX intervention in managing NIU.

The prognosis of NIU is heavily influenced by the timing of diagnosis and initiation of treatment.62,63 Without 
effective management, the disease can progress to chronic, relapsing uveitis, resulting in complications such as cystoid 
macular edema, vitreous haze, cataracts, glaucoma, and irreversible retinal damage.64,65 Early pharmacologic interven-
tion is essential for controlling inflammation and minimizing, or even preventing, vision-threatening complications.66

The primary therapeutic goals in NIU are to reduce inflammation, achieve disease remission, and thereby prevent 
ocular complications, permanent damage, and long-term visual impairment.67,68 Standard treatment typically begins with 
topical, injectable, or oral corticosteroids, with escalation to steroid-sparing immunomodulatory therapy as necessary.10,69 

Table 3 (Continued). 

Patient  
no./age at 
Entry,  
Years/Sex

Interval from 
Uveitis Diagnosis 

to RTX 
Treatment 
(Months)

Drugs used 
before RTX 
Treatment

RTX Treatment 
Schedule

Outcome Adverse 
Events

Remark

33/32/M – – 1000 mg × 2, 2-week apart Active – Active before 
3rd injection

61/50/M 17 AZA, CS 2000 mg × 2, 2-week apart RTX 
Discontinued

Pneumonia IgG < 4 g/L,4 
months

68/39/F – MMF, RZB 375 mg/m2 × 4 
consecutive weeks

Relapse – –

32/17/M – – 1000 mg × 2, 2-week apart Improved Conjunctivitis 1 week after 1st 

injection

34/24/M – – 1000 mg × 2, 2-week apart Improved Conjunctivitis 1 week after 1st 

injection

35/28/M – – 1000 mg × 2, 2-week apart Improved Pneumonia 4 months after 
1st injection

56/10/F 40 MTX, IFN 375mg/m2 × 4, at 0,1,6,18 

months

Inactive Quiver First injection

62/62/F 12 MTX, LEF 500 mg, 6-month apart Inactive COVID-19 

infections

–

73/48/M 7 TAC 375 mg/m2 × 8 

consecutive weeks

Inactive Toenail fungal 

infection

1 year

77/49/F 36 MMF, CS, MTX, 

ETA

375 mg/m2 × 4 

consecutive weeks

Inactive Gastrointestinal 

discomfort

First injection

Abbreviations: MTX, Methotrexate; CS, Cyclosporine; AZA, Azathioprine; MMF, Mycophenolate Mofetil; IND, Indomethacin; LEF, Leflunomide; IFN, Interferon; CYC, 
Cyclophosphamide; TAC, Tacrolimus; ETA, Etanercept; ADA, Adalimumab; INFL, Infliximab; ABA, Abatacept; RZB, Rituximab.
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Anterior uveitis is the most prevalent form of uveitis.1 Studies have demonstrated the efficacy of methotrexate as an 
immunosuppressant and TNF-α inhibitors as biologics for treating anterior uveitis.11,17,70–72 While RTX is considered 
a promising therapeutic option, its adoption has been limited by a lack of extensive supporting data rather than concerns 
regarding its efficacy or safety. This review highlights several cases in which RTX effectively treated anterior uveitis, 
providing a valuable reference for clinicians. Although specific biologics are preferred for certain types of uveitis, they 
are generally viewed as second- or third-line treatments in most patients.73 TNF-α inhibitors remain the biologics of 
choice for NIU, with response rates for adalimumab, infliximab, and etanercept reported at 68.0%, 64.7%, and 65.2%, 
respectively.17 In comparison, the present study demonstrated an 88.5% response rate with RTX across 78 patients.

Adalimumab, the first FDA-approved treatment for NIU,74,75 is associated with a wide range of side effects, from 3% 
to 52%, encompassing both ocular and systemic complications. Infliximab’s common adverse effects include uveitis 
recurrence and infusion reactions, with approximately two-thirds of patients experiencing infections, vitreous hemor-
rhage, and systemic infections. The most frequently reported adverse effect of etanercept is infection, which can 
sometimes lead to drug intolerance.17 Moreover, several studies have confirmed that etanercept is not suitable for the 
treatment of non-infectious uveitis.76–79

In our review, 10.1% of patients (8 out of 78) experienced adverse reactions following RTX therapy. Two patients 
developed infusion-related reactions, while the remaining six (8.6%, 6 out of 78) experienced various infections. A similar 
infection rate was noted in the systematic review by Hernández-Rodríguez et al,80 where 8.6% (3 out of 35) of patients treated 
with RTX for IgA vasculitis developed infections. However, Caleb C. Ng81 reported a lower infection rate of 4.8% (4 out of 
83) in patients with non-infectious scleritis treated with RTX, a finding lower than ours. In our review, five patients 
experienced mild infections (Nos. 32, 34, 35, 62, 73), whereas one patient (No. 61) developed a severe infection and 
discontinued RTX due to critically low IgG levels (< 4 g/L), which led to pneumonia. Nonetheless, studies in both pediatric 
and adult populations suggest that reduced immunoglobulin levels post-RTX do not necessarily correlate with an increased 
risk of infection,82–84 indicating that individual factors, rather than RTX itself, may contribute to infection susceptibility. 
Although RTX depletes CD20-expressing B cells and may lower resistance to bacterial, viral, and fungal infections, it remains 
a relatively safe therapy with a low associated infection risk. However, this risk should still be considered.

Our retrospective evaluation of patients with poor responses to RTX treatment revealed several commonalities: (a) RTX 
was not administered early in the disease course of NIU; (b) treatment regimens were less aggressive than typical 
rheumatology protocols (two doses of 1,000 mg two weeks apart, repeated every 3–6 months); (c) post-treatment infections 
occurred. One patient (No. 68) lacked sufficient data to investigate the cause of inflammation recurrence, while another patient 
(No. 61) discontinued RTX due to a pulmonary infection. Additionally, five patients (Nos. 5, 9, 10, 13, 33) tested positive for 
uveitis following extended dosing intervals (>6 months). Two patients (Nos. 27 and 30) initially responded well to the first two 
doses of RTX but experienced a relapse as the depletion effect on CD20+ B cells diminished (>3%).

B cells serve a multitude of immune functions, including antibody and cytokine production, as well as antigen 
presentation through their B cell receptors.85 By presenting autoantigens to pathogenic T cells, B cells facilitate 
autoimmunity, provide T cell help, produce pro-inflammatory cytokines, and form ectopic lymphoid follicles.86 

However, B cell depletion disrupts these immune processes, particularly the interaction between T and B cells, as 
observed in autoimmune conditions such as systemic lupus erythematosus and rheumatoid arthritis.19–21,87,88 B cell 
depletion influences the activation, co-stimulation, and overall function of T lymphocytes. Early depletion of B cells is 
therefore critical in controlling inflammatory responses.

Additionally, disease relapses may be linked to the resurgence of CD20+ B cells, as highlighted in a study by 
Davatchi, which reported uveitis recurrence as B cell depletion waned.41 A clear understanding of RTX pharmacody-
namics and pharmacokinetics is essential: (a) RTX has a relatively long half-life of approximately three weeks, and (b) its 
administration rapidly depletes circulating CD20+ B cells.25,89,90 The variability in B cell depletion and regeneration 
across individuals further complicates treatment.25,89 Monitoring CD20+ B cells can therefore serve as an effective tool 
for optimizing the timing of subsequent RTX infusions. The reappearance of CD20+ B cells during treatment is 
a potential marker for increased relapse risk. Although RTX specifically targets CD20, fluctuations in CD19+ cells 
may offer additional insights into RTX’s therapeutic effectiveness, as changes in CD19+ cell populations can indirectly 
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reflect the impact of RTX on B cells.25,91–93 Thus, tracking CD19+ cell levels could provide useful information regarding 
the broader effects of RTX on B cell dynamics.

Lasave suggests that higher doses of RTX may be required for managing ocular inflammatory diseases, particularly in 
refractory cases, compared to standard rheumatologic protocols.94 The relative isolation of the eye from systemic circulation, 
due to the blood-retinal and blood-vitreous barriers, complicates the delivery of systemic therapies to the eye. As a result, more 
aggressive treatment strategies aimed at maintaining consistently low levels of B cells may be necessary to achieve long-term, 
steroid-free remission and prevent relapse. Improving the safety and efficacy of RTX in NIU could therefore benefit from 
considering three key factors: (a) early initiation of RTX therapy after diagnosing NIU; (b) maintaining low levels of 
circulating B cells between RTX doses; and (c) evaluating the patient’s infection risk profile.

In this review, RTX was administered an average of 4.13 years after NIU diagnosis, following the failure or resistance 
to high-dose corticosteroids and other immunotherapies. By this point, many patients may have already developed vision- 
threatening complications such as cataracts, glaucoma, or macular edema. Consequently, the delayed use of RTX may 
limit the potential for full vision restoration. Additionally, the regeneration of B cells during prolonged intervals between 
doses could increase the likelihood of relapse. Thus, the reported response rate of 88.5% might underestimate RTX’s true 
efficacy in NIU due to the inherent limitations in timing and patient selection. Future research should focus on 
personalized RTX regimens that maintain lower levels of CD20+ B cells to further improve outcomes.

Conclusion
In conclusion, managing NIU remains challenging, particularly in balancing treatment efficacy with safety concerns. 
Based on current evidence, RTX appears to be a viable and effective option for cases unresponsive to high-dose steroids 
and multiple immunotherapies. Given the variability in patient responses, it is crucial to personalize treatment protocols 
to address individual needs.

The key insights from this review are as follows: (a) RTX shows promise as a safe and effective therapy for NIU; (b) 
early initiation of RTX after NIU diagnosis, coupled with regular monitoring of B-cell counts during treatment intervals, 
may help maintain low B-cell levels and improve outcomes; and (c) further prospective clinical trials are necessary to 
establish the optimal RTX treatment regimen for NIU.
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