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Abstract

Uveitis is an infl ammatory disease affecting the uveal tract of the eye. Non-infectious uveitis [NIU] is known to be the main cause of blindness in people of all age 
groups in different parts of the world. NIU can be both due to autoimmune or idiopathic responses causing severe vision-related complications leading to irreversible 
vision loss. Thus, the treatment of this disease after the rapid diagnosis and evaluation by eminent ophthalmologists and rheumatologists is very important. The primary 
goal of treatment of uveitis is to limit the infl ammation process and prevent recurring responses and hence preserving the vision. The current treatment therapies include 
corticosteroids as fi rst-line agents followed by more potent drugs including synthetic immunosuppressants like calcineurin inhibitors, antimetabolites, and alkylating 
agents. However, some patients are reported to be intolerant to these therapies, therefore, biologic agents are adopted as an effective treatment approach in such cases. 
Anti TNF-α agents have shown promising results in the treatment process. This review enlightens about the current effective treatment approaches that are adopted as 
potential therapeutic agents preventing NIU.
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Introduction

Uveitis, an infl ammatory condition of the eye affecting the 
uvea [blood vessel-rich middle layer of tissue] may lead to 
slight or complete vision loss. This disease can affect people 
of any age group mainly between 20 to 60 years of age. It is 
reported that 24.9 cases per 100,000 persons were affected 
in a study in the years 2006 and 2007 with a prevalence rate 
of 57.5 and 58 per 100,000 persons respectively [1,2]. Uveitis 
is classifi ed as anterior uveitis affecting the iris of the eye, 
intermediate uveitis affecting the ciliary body, posterior uveitis 
affecting choroid, and panuveitis affecting multiple areas of 
the eye. It can also be classifi ed on the basis of severity and 
progress with time, acute cases that are generally sudden and 
symptomatic whereas chronic cases that remain asymptomatic 
for a long duration and are characterized by the relapse of the 
disease after therapy is discontinued [3]. It can be primary or 
secondary to some other conditions. Generally, it is known 
to be associated with some systematic diseased conditions 
like juvenile idiopathic arthritis but it can be idiopathic too 
[3,4]. Treatment of uveitis should be carefully implemented 

after the prompt diagnosis as if it is not treated in time the 
chronic state of uveitis may lead to complicated conditions 
like glaucoma, cataract, keratopathy, macular edema, and 
irreversible vision loss [3,5]. Since it is known to affect people 
of all age groups, children diagnosed with it have more 
chances to develop a higher risk of complications and chronic 
conditions leading to severe visual impairment during the 
course of this medical condition. It is also reported that the 
quality of life of people suffering from uveitis has been noted 
however, these are not directly correlated with the severe 
infl ammation or complications associated with it [6]. The 
pathophysiology of ocular infl ammation is not very clear and 
the eye is an organ that is known to not get affected by the 
conventional immune response like other organs due to the 
presence of foreign antigens present in that tissue because of 
the presence of haemato-cellular barriers, immunomodulators 
like TGF-b, and absence of cell expression of both MHC-I & 
II in the eye [7]. It is thought that the infl ammation in the 
uveitis is due to the T cells i.e., CD4+ T cells of Th-1 Phenotype. 
The exact pathogenesis of uveitis is not clearly understood 
but the presence of cytokines like IL-2, IL-12, IL-17, TNF-, 
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and interferon- have been reported in uveitis patients and 
therefore, they are considered as key contributors in its 
pathogenesis [8-10]. Therefore, targeting these cytokines 
might be an effective approach for treating NIU, although it is 
quite challenging because of the wide range of possibilities in 
the pathogenesis. Treatment of uveitis is generally established 
on the basis of the intensity of infl ammation and the risk 
factors accompanied by it. The treatment is initiated using the 
mild therapeutic agents followed by severe therapeutic agents 
during the treatment process [3].

Treatment of non-infectious uveitis 

The fi rst-line treatment of uveitis includes Corticosteroids 
that are effective in treating the infl ammation in acute con-
ditions. However, in unrestrained conditions, immunosup-
pressant therapy is adopted including therapeutic agents like 
antimetabolites-methotrexate, azathioprine, mycophenolate; 
calcineurin inhibitors-cyclosporine, tacrolimus, and alkylat-
ing agents like cyclophosphamide and chlorambucil [11-13]. 
Current new biological therapies like Anti-Tumour Necrosis 
Factor- agents have also emerged as a potential therapeutic 
approach for treating uveitis in children and adults targeting 
the immunological pathway involved in the disease [11,12,14]. 

Corticosteroids

These are considered as the fi rst-line treatment approach 
for uveitis. Depending on the severity of the diseased condition 
they are given via topical, periocular, intraocular, or systemic 
route [11,15]. Generally, 1% prednisolone is given via a topical 
route or 0.1% dexamethasone. Prednisolone is reported to 
be the most used and effective corticosteroid drug used in 
the treatment [16-18]. In severe conditions where all uvea 
layers including the optic nerve are affected, in such cases 
i.v. corticosteroids mainly methylprednisolone [30mg/kg] is 
given three times a week followed by oral corticosteroids [19] 
However, these drugs cannot be used in the long run due to 
the ocular and systemic side effects like cataract, glaucoma, 
and visual impairment associated with treatment. Treatment 
of the pediatric population with corticosteroids often requires 
attention as these drugs have reported causing a delay in 
growth and puberty development. Therefore, other treatment 
approaches should be considered [3].

Immunosuppressants based therapies

Immunosuppressant drugs are adopted for treatment 
to control the disease in cases when corticosteroids fail to 
inactivate and reduce the infl ammatory response or in cases 
when recurring symptoms are observed with the onset of 
unusual complications [3].

Methotrexate

It is often the treatment of choice in unmanageable cases 
of uveitis in pediatric patients [19]. It is administered either 
via oral route or subcutaneous route at a dose between 10 to 
15mg/m2. Overall improvement with 95% confi dence interval 
[95% CI, 0.66-0.81] in ocular infl ammation in about ¾ of 
the total subjects has been reported for methotrexate in 

unmanageable cases of uveitis in pediatric patients [20]. 
A randomized multicentre trial on 80 patients [16 years or 
above] was carried out in which the effect of methotrexate 
and mycophenolate mofetil was compared. Methotrexate 
showed better improvement than mycophenolate mofetil 
69% and 47% respectively in reducing infl ammation during 
6 months. Methotrexate was found to be well-tolerated and 
patients should be examined for liver function tests [LFT] and 
blood cell count for 3-4 months. The side effects associated 
with it are usually g.i.t related generally nausea and is treated 
by prescribing folic acid after one day of treatment with 
methotrexate [21]. 

Mycophenolate mofetil and azathioprine: These are 
antimetabolites that prevent the maturing of B and T 
lymphocyte cells by inhibiting purine synthesis. The use of 
azathioprine in a cohort study involving adult patients has 
resulted in a reduction in ocular infl ammation in 59% of 
patients. Azathioprine is administered at a dose of 1mg/kg per 
day [Max. dose 100mg per day] and increasing the dose to 3 
mg/kg per day with a maximum dose of 250mg per day [22] 
whereas mycophenolate mofetil is administered at a dose of 
600mg twice daily via the oral route. The trial showed that the 
mycophenolate mofetil is effective in reducing infl ammation 
in uveitis but less effective when compared with methotrexate 
[23]. In 2007, Schatz et. al reported a follow-up study of forty 
children with non-infectious uveitis treated with azathioprine 
and mycophenolate mofetil, and it was found that when 
both these drugs were combined with corticosteroids the 
improvement of 61% and 94% were observed with azathioprine 
and mycophenolate mofetil respectively [24]. Limited data are 
reported for these drugs in childhood uveitis. The side effects 
associated with their treatment are usually gastrointestinal 
related, may enhance the risk of disrupting bone marrow, 
and also few malignancies are reported when used for long 
durations [3,25].

TNF-α inhibitors

The next therapeutic approach for the treatment of NIU is 
biological response modifi ers i.e., Tumour necrosis factor - 
inhibitors as these TNF-  is a proinfl ammatory cytokine that 
is released in the infl ammation process of NIU and hence it 
has become the signifi cant target for the treatment [26,27]. 
TNF-  is the cytokine that gets binds to the Tumour Necrosis 
Factor-Receptor [TNF-R] initiating the immunomodulatory 
and infl ammatory response in uveitis. This receptor [TNF-R] 
exists in two isoforms i.e., p55 also known as TNFr1, and p75 
also known as TNFr2, and is either attached to the membrane 
or present in the soluble forms. TNF-  inhibitors act by 
preventing the binding of TNF-  ligand to the TNF-R and 
hence, preventing the infl ammatory response in patients. 
Several patients who are intolerant to the corticosteroid or 
immunosuppressant therapies can be treated with these 
biological agents resulting in visual improvement by reversing 
the vision impairment because of the uveitis [28,29].

Several clinical trials have been conducted on different 
TNF-  inhibitors as mentioned below and it has been found out 
that this TNF-  inhibitors showed signifi cant improvement 
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in treating ocular infl ammation and also in preventing the 
recurrence of symptoms. 

Adalimumab, an entire human anti-TNF- monoclonal 
antibody approved for the treatment of various immune-
mediated infl ammatory diseases including non-infectious 
uveitis [30]. Various clinical trials including randomized 
placebo-controlled trails VISUAL-I, VISUAL-II & III, and 
SYCAMORE [31] and ADJUVITE [32] were performed. VISUAL-I 
study, a phase-III multinational trial where adalimumab was 
given to treat non-infectious uveitis showed that the extent 
of treatment failure was declined to 50%. The VISUAL-II, a 
multicentre randomized trial showed that the adalimumab 
was effective in reducing the relapsing of uveitis in patients 
and the treatment failure was observed in 55% patients in 
the placebo group whereas 39% in the adalimumab group 
[33]. SYCAMORE trial involved the patients [2 to 18 years] 
with active juvenile idiopathic arthritis induced uveitis, these 
patients were kept in the placebo and adalimumab group and 
were treated with stable methotrexate followed up for 2 years. 
Results of this trial showed that treatment failure was found to 
be in 27% of patients receiving adalimumab and methotrexate 
whereas 60% in patients receiving methotrexate only [3]. In 
ADJUVITE randomized trial, patients were given adalimumab 
and methotrexate for two months and it was found that ocular 
infl ammation was decreased in 56% patients and laser fl are 
photometry examination showed improvement in 30% patients 
with anterior uveitis. The results of these clinical trials showed 
that adalimumab is effective in treating ocular infl ammation 
and preventing relapses [34,35].

Infl iximab, a chimeric monoclonal antibody [25% murine 
and 75% human] have undergone clinical trials for evaluating 
its effectiveness in NIU and it has been found that although 
it shows a sudden onset of action it is of less therapeutic 
importance as compared to adalimumab as some studies 
showed its failure after 12 months i.e., 60% of the treatment 
process [36,37].

A retrospective case study carried out by Maleki et. al 
showed a reduction in infl ammation in 19 out of 23 patients 
with NIU [38]. Baughman, et al. carried out a study on 
patients with ocular infl ammation and showed improvement 
in 13 out of 14 patients when treated with infl iximab after the 
failure with usual immunosuppressant therapy [39]. A non-
comparative trial conducted by Suhler et. al involved patients 
with unmanageable uveitis and were treated with infl iximab 
and the results showed clinical improvement in 18 out of 23 
patients in the 10th week of the treatment [40].

Golimumab, a complete humanized monoclonal antibody. 
Tosi. et. al conducted a study on 21 uveitis patients and it has 
been found that ocular fl ares were signifi cantly decreased 
from 128.6 events per 100 patients-year to 24.9 events per 100 
patients-year although all patients in that group had received 
another anti-TNF drug previously [41]. Also, results from 
Palmou-Fontana, et al. study showed improvement in 4 out of 
7 patients when treated with golimumab [42]. 

Etanercept is a dimeric protein and is known to have a 
different mechanism of action than other TNF- inhibitors 

[43]. There is not much evidence about the effectiveness of this 
agent and also, it is no longer prescribed for uveitis due to its 
low ocular distribution and low effectiveness when compared 
with adalimumab and infl iximab [44].

Certolizumab, a recombinant humanized monoclonal 
antibody administered at an initial dose of 400mg for one 
month [4 weeks] and followed by 200mg per week. It is 
reported having improved distribution in the infl amed ocular 
tissues than adalimumab and infl iximab [45]. A recent study 
has specifi ed that both golimumab and certolizumab can be 
effective and safe options for patients with uveitis even if the 
result with other TNF- inhibitors have not been effi cacious 
[41].

Other biological therapies

The various other therapies include anti-IL-6 therapies 
including Tocilizumab as an active therapeutic agent; 
Secukinumab, an anti-IL-17A monoclonal antibody; 
Canakinumab, an Anti-IL-1; Anakinra, an IL-1 receptor 
antagonist; and Rituximab, an Anti CD20 antibody [35]. 

Anti-IL-6 therapy

Interleukin-6 is a proinfl ammatory cytokine produced 
by monocytes, macrophages, B and T cells, and are involved 
in several immune-mediated diseases. The intraocular 
concentration of IL-6 is found to be increased in uveitis 
and retinal vein obstruction [46]. An IL-6 receptor blocker, 
Tocilizumab [a recombinant human monoclonal antibody] is 
reported to be effective for the treatment of NIU [47]. The side 
effects associated with its treatment generally include chest 
tightness, nausea, fatigue, blisters on limbs and hands, and 
mild bronchitis [48,49].

Anti-IL-1 therapy

It includes IL-1 receptor antagonist Anakinra, Kineret®, 
and Canakinumab [Ilaris®], an anti-IL-b antibody. The 
effects of both these anti-IL-1 molecules were examined in 
a multicentre retrospective study that involved 19 patients 
with Behcet’s disease-associated uveitis. The results showed 
that both these anti-IL therapies were effective in reducing 
infl ammation in long-lasting and obstinate cases of uveitis 
[50]. Few mild side effects like headaches and arthralgias have 
been reported in the case of Kineret® with no major problems, 
hence these can be considered safe to be used in uveitis [50,51]. 

Anti-CD20 therapy

Rituximab [Rituxan®], is a human and murine combined 
monoclonal antibody that binds to the CD20 antigen present 
on the surface of B-cells [52]. A retrospective study was carried 
out in which juvenile idiopathic arthritis-associated uveitis 
patients were treated with it and it was a fund that all the 
patients were recovered within 5 months of the treatment and 
were followed up for the next 44 months [53]. Few mild side 
effects like fl ushing, hives, few cases of pneumonia, and herpes 
zoster have been reported. The results showed long term safe 
use of rituximab for refractory cases of anti-TNF- [52].
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Anti-CD25 therapy

Daclizumab is a monoclonal antibody that blocks the 
immune response generated by the activated T-cells by 
binding to the 2a subunit of the IL-2 receptor of these T cells. 
Few mild side effects are reported with its use mainly rashes, 
herpes zoster infections, palpitations, and some liver-related 
disorders [35,54]. 

Anti-IL-17A therapy

Secukinumab is a humanized monoclonal antibody that 
binds to the IL-17A receptor and neutralizes the immune 
response [55]. Side effects reported are usually nasopharyngitis 
and headache. Some cases of recurring uveitis are also reported 
with its use [56]. 

Conclusions

The treatment strategies for the management of uveitis 
follow a stepladder approach starting with corticosteroids, 
immunosuppressants therapy followed by the biological 
therapies including anti TNF-  agents. However, acute 
conditions can be very well treated with the corticosteroids 
but the severe conditions and long-term therapies cannot 
be treated with these fi rst-line agents, and hence, a new 
therapeutic agent is to be adopted. With the available clinical 
data on the biological therapies and their effectiveness in 
reducing the recurring infl ammatory events and reduction 
of ocular infl ammation, it can be concluded that they may be 
considered as the new fi rst-line treatment approach for some 
cases of uveitis. Also, various other therapeutic approaches are 
likely to emerge as potential treatment therapies for NIU. 

References

1. Chan AY, Conrady CD, Ding K, Dvorak JD, Stone DU (2015) Factors associated 
with age of onset of herpes zoster ophthalmicus. Cornea 34: 535-540. Link: 
https://bit.ly/35BOrs9 

2. Acharya NR, Tham VM, Esterberg E, Borkar DS, Parker JV, et al. (2013) Incidence 
and prevalence of uveitis: results from the Pacifi c Ocular Infl ammation Study. 
JAMA Ophthalmol 131: 1405-1412. Link: https://bit.ly/35Bilgd 

3. Gamalero L, Simonini G, Ferrara G, Polizzi S, Giani T, et al. (2019) 
Evidence-based treatment for uveitis. Isr Med Assoc J 21: 475-479. Link: 
https://bit.ly/3c37iOi 

4. Thorne JE, Suhler E, Skup M, Tari S, Macaulay D, et al. (2016) Prevalence of 
noninfectious uveitis in the United States: a claims-based analysis. JAMA 
Ophthalmol 134: 1237-1245. Link: https://bit.ly/2ZDvBNG 

5. Dick AD, Tundia N, Sorg R, Zhao C, Chao J, et al. (2016) Risk of ocular 
complications in patients with noninfectious intermediate uveitis, 
posterior uveitis, or panuveitis. Ophthalmology 123: 655-662. Link: 
https://bit.ly/2Fy3Wa7 

6. Tomkins-Netzer O, Talat L, Bar A, Lula A, Taylor SR, et al. (2014) Long-
term clinical outcome and causes of vision loss in patients with uveitis. 
Ophthalmology 121: 2387-2392. Link: https://bit.ly/2FvODP1 

7. Liberman P, Gauro F, Berger O, Urzua CA (2015) Causes of uveitis in a tertiary 
center in Chile: a cross-sectional retrospective review. Ocul Immunol Infl amm 
23: 339-345. Link: https://bit.ly/33wOFhx 

8. Durrani O, Meads C, Murray P (2004) Uveitis: a potentially blinding disease. 
Ophthalmologica 218: 223-236. Link: https://bit.ly/35BiUXn 

9. Levy-Clarke G, Jabs DA, Read RW, Rosenbaum JT, Vitale A, et al. (2014) Expert 
panel recommendations for the use of anti–tumor necrosis factor biologic 
agents in patients with ocular infl ammatory disorders. Ophthalmology 121: 
785-796. e3. Link: https://bit.ly/2Rp2dpS 

10. Dunn JP (2015) Uveitis. Primary Care: Clinics in Offi  ce Practice 42: 305-323. 
Link: https://bit.ly/3hu6OBB 

11. Knickelbein JE, Kim M, Argon E, Nussenblatt RB, Sen HN (2017) Comparative 
effi  cacy of steroid-sparing therapies for non-infectious uveitis. Expert Rev 
Ophthalmol 12: 313-319. Link: https://bit.ly/2RtVPgY 

12. Hassan M, Karkhur S, Bae JH, Halim MS, Ormaechea MS, et al. (2019) New 
therapies in development for the management of non‐infectious uveitis: A 
review. Clin Exp Ophthalmol 47: 396-417. Link: https://bit.ly/3hBtlwl 

13. Daniele RC, Camillo R, Yan GC (2019) Treatment of chronic non-infectious 
uveitis and scleritis. Swiss Med Wkly 149. Link: https://bit.ly/2RrWy2j 

14. Cann M, Ramanan AV, Crawford A, Dick AD, Clarke SL, et al. (2018) Outcomes 
of non-infectious Paediatric uveitis in the era of biologic therapy. Pediatr 
Rheumatol Online J 16: 51. Link: https://bit.ly/3kjU1Uo 

15. Poetker DM, Reh DD (2010) A comprehensive review of the adverse effects 
of systemic corticosteroids. Otolaryngol Clin North Am 43: 753-768. Link: 
https://bit.ly/2FEB7s4 

16. Jabs DA, Rosenbaum JT, Foster CS, Holland GN, Jaffe GJ, et al. (2000) 
Guidelines for the use of immunosuppressive drugs in patients with ocular 
infl ammatory disorders: recommendations of an expert panel. Am J 
Ophthalmol 130: 492-513. Link: https://bit.ly/2ZA7Iq3 

17. Biswas J, Ganeshbabu T, Raghavendran SR, Raizada S, Mondkar SV, et al. 
(2004) Effi  cacy and safety of 1% rimexolone versus 1% prednisolone acetate 
in the treatment of anterior uveitis–a randomized triple masked study. Int 
Ophthalmol 25: 147-153. Link: https://bit.ly/2ZCBcnr 

18. Sheppard JD, Toyos MM, Kempen JH, Kaur P, Foster CS (2014) Difl uprednate 
0.05% versus prednisolone acetate 1% for endogenous anterior uveitis: a 
phase III, multicenter, randomized study. Invest Ophthalmol Vis Sci 55: 2993-
3002. Link: https://bit.ly/3bX3bDl 

19. Simonini G, Cantarini L, Bresci C, Lorusso M, Galeazzi M, et al. (2010) Current 
therapeutic approaches to autoimmune chronic uveitis in children. Autoimmun 
Rev 9: 674-683. Link: https://bit.ly/33saTBn 

20. Simonini G, Paudyal P, Jones GT, Cimaz R, Macfarlane GJ (2013) Current 
evidence of methotrexate effi  cacy in childhood chronic uveitis: a systematic 
review and meta-analysis approach. Rheumatology 52: 825-831. Link: 
https://bit.ly/3huSt87 

21. Ferrara G, Mastrangelo G, Barone P, La Torre F, Martino S, et al. (2018) 
Methotrexate in juvenile idiopathic arthritis: advice and recommendations 
from the MARAJIA expert consensus meeting. Pediatr Rheumatol 16: 46. Link: 
https://bit.ly/32wpfSc 

22. Pasadhika S, Kempen JH, Newcomb CW, Liesegang TL, Pujari SS, et al. (2009) 
Azathioprine for ocular infl ammatory diseases. Am J Ophthalmol 148: 500-
509. e2. Link: https://bit.ly/33p6Yp2 

23. Rathinam SR, Babu M, Thundikandy R, Kanakath A, Nardone N, et al. (2014) 
A randomized clinical trial comparing methotrexate and mycophenolate 
mofetil for noninfectious uveitis. Ophthalmology 121: 1863-1870. Link: 
https://bit.ly/2ZDLtQp 

24. Schatz CS, Uzel JL, Leininger L, Danner S, Terzic J, et al. (2007) 
Immunosuppressants used in a steroid-sparing strategy for childhood uveitis. 
J Pediatr Ophthalmol Strabismus 44: 28-34. Link: https://bit.ly/32vSHrr 

25. Jabs DA (2018) Immunosuppression for the uveitides. Ophthalmology 125: 
193-202. Link: https://bit.ly/3mq6Kqa 

26. Kuiper J, Beretta L, Nierkens S, Van Leeuwen R, Ten Dam-van Loon N, et al. 



098

https://www.peertechz.com/journals/journal-of-clinical-research-and-ophthalmology

Citation: Nikita, Sultana Y (2020) Recent Potential Treatment Approaches for the Management of Uveitis. J Clin Res Ophthalmol. 7(2): 094-098. 
DOI: https://dx.doi.org/10.17352/2455-1414.000080

Copyright: © 2020 Nikita, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

(2017) An ocular protein triad can classify four complex retinal diseases. Sci 
Rep 7: 1-9. Link: https://bit.ly/2Rs4h0j 

27. Constantin T, Foeldvari I, Anton J, De Boer J, Czitrom-Guillaume S, et al. 
(2018) Consensus-based recommendations for the management of uveitis 
associated with juvenile idiopathic arthritis: the SHARE initiative. Ann Rheum 
Dis 77: 1107-1117. Link: https://bit.ly/3kiBBmL 

28. Mercier AE, Ribeiro E, Korobelnik JF, Delyfer MN, Rougier MB (2018) 
Effi  cacy of Anti-TNF-α therapy for the treatment of non-infectious uveitis: a 
retrospective study of 21 patients. Ocul Immunol Infl amm 26: 477-484. Link: 
https://bit.ly/2FtmRmg 

29. Trivedi A, Katelaris C (2019) The use of biologic agents in the management of 
uveitis. Intern Med J 49: 1352-1363. Link: https://bit.ly/3mj44eh 

30. Tynjälä P, Lindahl P, Honkanen V, Lahdenne P, Kotaniemi K (2007) 
Infl iximab and etanercept in the treatment of chronic uveitis associated with 
refractory juvenile idiopathic arthritis. Ann Rheum Dis 66: 548-550. Link: 
https://bit.ly/2RtcTUo 

31. Ramanan AV, Dick AD, Jones AP, McKay A, Williamson PR, et al. (2017) 
Compeyrot-Lacassagne Adalimumab plus methotrexate for uveitis in juvenile 
idiopathic arthritis. New England Journal of Medicine 376: 1637-1646. 

32. Quartier P, Baptiste A, Despert V, Allain-Launay E, Koné-Paut I, Belot A, et al. 
(2018) ADJUVITE: a double-blind, randomised, placebo-controlled trial of 
adalimumab in early onset, chronic, juvenile idiopathic arthritis-associated 
anterior uveitis. Ann Rheum Dis 77: 1003-1011. Link:  https://bit.ly/3kgKNYX 

33. Nguyen QD, Merrill PT, Jaffe GJ, Dick AD, Kurup SK, Sheppard J, et al. (2016) 
Adalimumab for prevention of uveitic fl are in patients with inactive non-
infectious uveitis controlled by corticosteroids (VISUAL II): a multicentre, 
double-masked, randomised, placebo-controlled phase 3 trial. Lancet 388: 
1183-1192. Link:  https://bit.ly/2Fyf4np 

34. Suhler EB, Adán A, Brézin AP, Fortin E, Goto H, Jaffe GJ, et al. (2018) Safety 
and effi  cacy of adalimumab in patients with noninfectious uveitis in an 
ongoing open-label study: VISUAL III. Ophthalmology 125: 1075-1087. Link: 
https://bit.ly/35ByjXK 

35. Valenzuela RA, Flores I, Urrutia B, Fuentes F, Sabat PE, Llanos C, et al. (2020) 
New Pharmacological Strategies for the Treatment of Non-Infectious Uveitis. 
A Minireview. Frontiers Pharmacology 11: 655. Link: https://bit.ly/2ZBjv7S 

36. Bodaghi B, Quoc EB, Wechsler B, Tran T, Cassoux N, Huong DLT, et al. (2005) 
Therapeutic use of infl iximab in sight threatening uveitis: retrospective 
analysis of effi  cacy, safety, and limiting factors. Ann Rheum Dis 64: 962-964. 
Link: https://bit.ly/2FvfQS3 

37. Simonini G, Taddio A, Cattalini M, Caputo R, de Libero C, Parentin F, et al. 
(2013) Superior effi  cacy of Adalimumab in treating childhood refractory 
chronic uveitis when used as fi rst biologic modifi er drug: Adalimumab as 
starting anti-TNF-α therapy in childhood chronic uveitis. Pediatr Rheumatol 
11: 1-7. Link: https://bit.ly/3bY8t1a 

38. Maleki A, Sahawneh HF, Ma L, Meese H, He Y, Foster CS (2017) Infl iximab 
therapy in patients with noninfectious intermediate uveitis resistant to 
conventional Immunomodulatory therapy. Retina 37: 836-843. Link:
 https://bit.ly/3mmwYKq 

39. Baughman R, Bradley D, Lower E (2005) Infl iximab in chronic ocular 
infl ammation. Int J Clin Pharmacol Ther 43. Link: https://bit.ly/32y8juC 

40. Suhler EB, Smith JR, Wertheim MS, Lauer AK, Kurz DE, et al. (2005) A 
prospective trial of infl iximab therapy for refractory uveitis: preliminary 
safety and effi  cacy outcomes. Arch Ophthalmol 123: 903-912. Link: 
https://bit.ly/32xvSDu 

41. Tosi GM, Sota J, Vitale A, Rigante D, Emmi G, Lopalco G, et al. (2019) Effi  cacy 
and safety of certolizumab pegol and golimumab in the treatment of non-
infectious uveitis. Clin Exp Rheumatol 37: 680-683. Link: https://bit.ly/3iADXx8 

42. Palmou-Fontana N, Calvo-Río V, Martín-Varillas JL, Fernández-Díaz C, 
Mesquida M, et al. (2018) Golimumab in refractory uveitis associated to 
juvenile idiopathic arthritis: multicentre study of 7 cases and literature review. 
Clin Exp Rheumatol 36: 652-657. Link: https://bit.ly/33xsCau 

43. Scott D (2005) Etanercept in arthritis. International Journal of Clinical Practice 
59: 114-118. Link: https://bit.ly/2ZEHrXJ 

44. Touhami S, Diwo E, Sève P, Trad S, Bielefeld P, et al. (2019) Expert opinion on 
the use of biological therapy in non-infectious uveitis. Expert Opin Biol Ther 19: 
477-490. Link: https://bit.ly/32vT4SL 

45. Llorenç V, Mesquida M, Sainz de la Maza M, Blanco R, Calvo V, et al. (2016) 
Certolizumab Pegol, a New Anti-TNF-α in the Armamentarium against Ocular 
Infl ammation. Ocul Immunol Infl amm 24: 167-172. Link: https://bit.ly/33rBZc4 

46. Petrinovicc-Dorešic J, Mazuran R, Henc-Petrinovic L, Kuzmanovic B, Jovicic 
A (1999) Interleukin 6 and its soluble receptor are elevated in aqueous 
humor of patients with uveitis. Ocul Immunol Infl amm 7: 75-84. Link: 
https://bit.ly/33vnd3L 

47. Lopalco G, Fabiani C, Sota J, Lucherini OM, Tosi GM, et al. (2017) IL-6 blockade 
in the management of non-infectious uveitis. Clin Rheumatol 36: 1459-1469. 
Link: https://bit.ly/3bYSmk4 

48. Silpa‐archa S, Oray M, Preble JM, Foster CS (2016) Outcome of tocilizumab 
treatment in refractory ocular infl ammatory diseases. Acta Ophthalmologica 
94: e400-e6. Link: https://bit.ly/2RqoVOf 

49. Sharma SM, Fu DJ, Xue K (2018) A review of the landscape of targeted 
immunomodulatory therapies for non-infectious uveitis. Ophthalmol Ther 7: 
1-17. Link: https://bit.ly/3bXSTTr 

50. Fabiani C, Vitale A, Emmi G, Lopalco G, Vannozzi L, et al. (2017) FRI0586 
Interleukin (IL)-1 inhibition with anakinra and canakinumab in behÇet's 
disease related uveitis: a multicenter retrospective observational study. BMJ 
Publishing Group Ltd. Link: https://bit.ly/3mxwQIa 

51. Cavalli G, Dinarello CA (2018) Anakinra therapy for non-cancer infl ammatory 
diseases. Front Pharmacol 9: 1157. Link: https://bit.ly/3kiEm7D 

52. Davatchi F, Shams H, Rezaipoor M, SADEGHI‐ABDOLLAHI B, Shahram F, et al. 
(2010) Rituximab in intractable ocular lesions of Behcet’s disease; randomized 
single‐blind control study (pilot study). Int J Rheum Dis 13: 246-252. Link: 
https://bit.ly/2ZFLJOD 

53. Miserocchi E, Modorati G, Berchicci L, Pontikaki I, Meroni P, et al. (2016) Long-
term treatment with rituximab in severe juvenile idiopathic arthritis-associated 
uveitis. Br J Ophthalmol 100: 782-786. Link: https://bit.ly/3moXOBu 

54. Giovannoni G, Kappos L, Gold R, Khatri BO, Selmaj K, et al. (2016) Safety and 
tolerability profi le of daclizumab in patients with relapsing-remitting multiple 
sclerosis: an integrated analysis of clinical studies. Mult Scler Relat Disord 9: 
36-46. Link: https://bit.ly/32urXr5 

55. Sanford M, McKeage K (2015) Secukinumab: fi rst global approval. Drugs 75: 
329-338. Link: https://bit.ly/3mpTCRW 

56. Dick AD, Tugal-Tutkun I, Foster S, Zierhut M, Liew SM, et al. (2013) 
Secukinumab in the treatment of noninfectious uveitis: results of three 
randomized, controlled clinical trials. Ophthalmology 120: 777-787. Link: 
https://bit.ly/3c6uJGj 


