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ABSTRACT

Scleritis refers to a wide spectrum of ocular
conditions ranging from mild to sight-threat-
ening scleral inflammation that may compro-
mise visual function and threaten the
anatomical integrity of the ocular globe. Most
aggressive forms like necrotizing or posterior
scleritis are often difficult-to-treat cases, refrac-
tory to conventional treatment. The association
with systemic diseases, namely rheumatoid
arthritis, Sjögren syndrome, granulomatosis
with polyangiitis, and relapsing polychondritis,
may have prognostic implications as well. A
better understanding of the pathogenesis of
ocular inflammatory diseases have paved the
way to more effective and targeted treatment
approaches. In this regard, a growing body of
evidence supports the potential role of biologic
agents in the management of non-infectious
scleral inflammation, either idiopathic or in a

background of immune-mediated systemic dis-
orders. Biologic agents such as anti-tumor
necrosis factor agents, interleukin-1 and inter-
leukin-6 inhibitors as well as CD20 blockade
have displayed promising results. More specifi-
cally, several studies have reported their ability
to control scleral inflammation, reduce the
overall scleritis relapses, and allow a glucocor-
ticoid-sparing effect while being generally well
tolerated. Anecdotal reports have also been
described with other biologic agents including
abatacept, ustekinumab, daclizumab, and
alemtuzumab as well as targeted small mole-
cules such as tofacitinib. Further studies are
warranted to fully elucidate the role of biologic
agents in non-infectious scleritis and investigate
specific areas with the aim to administer treat-
ments in the context of personalized medicine.
This review summarizes the available data
regarding clinical trials, small pilot studies, and
real-life experience of the last two decades
reporting the use of biologic agents in the
management of non-infectious scleritis.
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Key Summary Points

This review summarizes the available
evidence regarding the management of
refractory non-infectious scleritis with
biologic agents.

Non-infectious scleritis, particularly in its
most aggressive forms such as necrotizing
scleritis and posterior scleritis, may lead to
visual impairment and severe sight-
threatening ocular sequelae.

Monoclonal antibodies targeting tumor
necrosis factor alpha, interleukin-6, CD20,
and anti-interleukin-1 agents represent
reliable options.

Biologic agents have shown to control
scleral inflammation, reduce the overall
scleritis relapses, and allow a glucorticoid-
sparing effect.

Management of scleritis must take place in
a multidisciplinary setting in order to
maximize treatment benefits while
minimizing safety concerns.

INTRODUCTION

The term scleritis includes a wide spectrum of
clinical entities characterized by inflammation
of the sclera. This clinical condition, particu-
larly in its most aggressive forms such as
necrotizing scleritis and posterior scleritis, may
lead to visual impairment and severe sight-
threatening ocular sequelae. Indeed, permanent
scarring of the adjacent inflamed ocular struc-
tures may compromise visual function and
result in anatomical damage as well. Severe and
untreated cases may lead to perforation, which
is among the most feared complications since it
may be responsible for eye loss [1]. The overar-
ching principles of its treatment consist in
controlling the ocular inflammation and
inducing long-term remission, thus preventing
further sight-threatening complications and

structural irreversible ocular impairment. Oral
glucocorticoids (GCs) remain the mainstay of
the short-term management of scleritis, while
pulse intravenous steroids are reserved in sight-
threatening emergencies requiring a rapid con-
trol of inflammation [2, 3]. Subconjunctival GC
injections may be used as an adjunct therapy to
systemic GCs to control acute exacerbation of
unilateral non-infectious non-necrotizing scle-
ral inflammation [4]. In recalcitrant and most
aggressive cases of non-infectious scleritis, sev-
eral biologic agents have been used to suppress
ocular inflammation and reduce the burden of
systemic GCs [5–11]. Despite the revolution
brought by biologic agents in many medical
specialties, only an exiguous number of clinical
trials, retrospective case series, or isolated case
reports have been reported in literature regard-
ing their employment in the treatment of non-
infectious scleritis. Therefore, treatment guide-
lines or specific management protocols that
include systemic immunosuppressive drugs are
currently not available because of the lack of
evidence-based data. We reviewed the current
literature regarding the efficacy and safety of
biologic agents in refractory non-infectious
scleritis, with the aim to summarize the real-life
experience in the management of this sight-
threatening condition.

RESEARCH STRATEGY

A comprehensive literature research via Pubmed
was performed and included articles published
from June 2001 to June 2021. The following
terms were searched in Medical Subjects Head-
ings and/or as entrée words: ‘‘scleritis’’ and ‘‘bi-
ologic agents’’. Thereafter, the name of each
drug deemed relevant to the management of
scleritis was searched together with the word
‘‘scleritis’’. In particular, the following items
were employed: ‘‘tumor necrosis factor inhibi-
tors’’, ‘‘adalimumab’’, ‘‘infliximab’’, ‘‘etaner-
cept’’, ‘‘golimumab’’, ‘‘certolizumab’’,
‘‘rituximab’’, ‘‘ofatumumab’’, ‘‘ocrelizumab’’,
‘‘anakinra’’, ‘‘canakinumab’’, ‘‘tocilizumab’’,
‘‘sarilumab’’, ‘‘siltuximab’’, ‘‘sirukumab’’, ‘‘olok-
izumab’’, ‘‘clazakizumab’’, ‘‘abatacept’’, ‘‘ustek-
inumab’’, ‘‘secukinumab’’, ‘‘ixekizumab’’,
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‘‘daclizumab’’, ‘‘alemtuzumab’’, ‘‘interferon’’,
‘‘interferons’’ ‘‘baricitinib’’, ‘‘tofacitinib’’, ‘‘filgo-
tinib’’, and ‘‘upadacitinib’’, each combined with
‘‘scleritis’’. Case series, observational studies,
and clinical trials were reviewed to find eligible
papers according to the goal of our manuscript.
Subsequently, relevant references cited in the
eligible papers were searched by hand. This
article is based on previously conducted studies
and does not contain any new study with
human participants or animals performed by
any of the authors.

TUMOR NECROSIS FACTOR
INHIBITORS

Adalimumab

The first case reports and small case series of
non-infectious scleritis successfully treated with
adalimumab (ADA) [12–16] were followed by
retrospective studies assessing its efficacy in
larger samples of refractory patients
[7, 11, 17–19]. Ragam et al. conducted a retro-
spective chart review of 17 patients with non-
infectious, non-necrotizing scleritis and found
that monoclonal anti-tumor necrosis factor
alpha (TNFa) were able to reduce scleral
inflammation and to concomitantly reduce the
use of systemic GCs. More specifically, 10
patients were initially treated with infliximab
(IFX) and seven with ADA. Control of active
inflammation for at least 2 months was
achieved in 15 out of 17 patients. The total rate
of inflammatory control on ADA which inclu-
ded seven patients on first trial and two patients
after IFX failure was 67% [7]. Moderate control
of inflammation and a GC-sparing effect were
also observed in nine patients with scleritis in a
study investigating ADA efficacy. Almost half of
the eyes achieved control of inflammation
during follow-up. In addition, cystoid macular
edema resolved in the majority of cases [17]. In
their real-world prospective analysis, Sharma
et al. found TNFa inhibitors ADA and IFX to be
successful in several ocular inflammatory dis-
eases. A sustained remission was noted in 91%
of the cases, of whom four were diagnosed with
non-infectious scleritis. Further detailed data on

scleritis were not provided. These findings sup-
ports the long-term efficacy of TNF inhibitors
and their GC-sparing effect [18]. We recently
reported 19 patients diagnosed with non-infec-
tious scleritis and treated with monoclonal
TNFa blockers, mainly ADA (n = 13), followed
by IFX (n = 5) and golimumab (GOL) (n = 1).
Monoclonal TNFa inhibitors were shown to
significantly reduce relapses as well as to control
scleral inflammation both rapidly and with a
long-lasting effect. Moreover, they allowed a
GC-sparing effect and were associated with a
good safety profile [11]. Successful results with
TNFa inhibitors have also been reported in
three patients affected by relapsing polychon-
dritis (RP) [20]. Table 1 shows the retrieved
studies regarding TNF inhibitors employed in
the management of non-infectious scleritis and
some of their respective findings.

Infliximab

Similarly to ADA, IFX may be considered as a
viable option in patients with refractory scleri-
tis. The only prospective evidence regarding IFX
employment in non-infectious scleritis dates
back to 2009. In this prospective open-label
pilot study, all patients met the primary out-
come by achieving quiescence of their active
scleritis by week 14 without associated conven-
tional immunosuppressants. Additionally, four
out of five patients achieved a sustained quies-
cence on treatment and 60% were able to suc-
cessfully taper prednisone to daily doses lower
than 10 mg [21]. These promising data were
further corroborated by real-world experience in
relatively large samples of non-infectious scle-
ritis. Sobrin and colleagues found IFX therapy
to be effective for the treatment of refractory
ocular inflammation, with a low incidence of
adverse events (AEs) prompting discontinua-
tion. Nine out of 10 patient were classified as
responders and one as a partial responder
requiring alkylating agent therapy. Five patients
were able to reduce their concurrent immuno-
suppressive therapy and three patients with
scleritis were able to remain relapse-free despite
having discontinued all medications [22].
Almost identical results were reported by

Ophthalmol Ther (2021) 10:777–813 779



T
ab
le

1
A
nt
i-t
um

or
ne
cr
os
is
fa
ct
or

th
er
ap
y
in

th
e
tr
ea
tm

en
t
of

no
n-
in
fe
ct
io
us

sc
le
ri
ti
s

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

Sa
dh
u,

20
20

[1
9]

C
S

A
D
A

3
D
iff
us
e
A
S
(n

=
1)

N
A
S
(n

=
2)

R
A

(n
=
1)

Id
io
pa
th
ic
(n

=
2)

C
lin

ic
al
re
sp
on
se
,G

C
-

sp
ar
in
g
ef
fe
ct

N
R

18
.5

K
ha
lil
i,
20
20

[4
1]

C
R

IF
X

1
PS

?
an
te
ri
or

uv
ei
ti
s

Id
io
pa
th
ic

Su
cc
es
sf
ul

co
nt
ro
l
of

in
fla
m
m
at
io
n.

Im
pr
ov
em

en
t
in

vi
su
al

ac
ui
ty
.R

em
is
si
on

on

4
ye
ar
s.
M
ild

re
la
ps
e

6
m
on
th
s
af
te
r
IF
X

ce
ss
at
io
n
re
sp
on
si
ve

to

ib
up
ro
fe
n
40
0
m
g
3

ti
m
es

da
ily

N
R

60
on IF
X
.

10
8
in

to
ta
l

Fa
bi
an
i,
20
20

[1
1]

R
S

A
D
A

(n
=
13
)

IF
X

(n
=
5)

G
O
L
(n

=
1)

19
A
S

R
A

(n
=
5)
,P

sA

(n
=
4)
,B

S

(n
=
3)
,i
di
op
at
hi
c

(n
=
3)
,C

D

(n
=
1)
,S
pA

(n
=
1)
,R

P

(n
=
1)
,T

ak
ay
as
u

ar
te
ri
ti
s
(n

=
1)

Si
gn
ifi
ca
nt

re
du
ct
io
n
in

sc
le
ri
ti
s
gr
ad
in
g
an
d

oc
ul
ar

re
la
ps
es

Si
gn
ifi
ca
nt

G
C
-s
pa
ri
ng

ef
fe
ct

an
d
st
ab
le
B
C
V
A

G
oo
d
dr
ug

re
te
nt
io
n
ra
te

(a
lm
os
t
60
%

at

12
-m

on
th

fo
llo
w
-u
p
an
d

an
es
ti
m
at
ed

52
%

at

36
-m

on
th

fo
llo
w
-u
p)

Se
ve
re

ur
ti
ca
ri
a
(n

=
1)
,

pn
eu
m
on
ia
an
d

pa
ra
do
xi
ca
l
ps
or
ia
si
s

(n
=
1)

18

A
m
er
,2

02
0

[5
0]

C
R

G
O
L

1
N
ec
ro
ti
zi
ng

PS
Ps
A

N
o
di
se
as
e
pr
og
re
ss
io
n
or

ev
id
en
ce

of
as
so
ci
at
io
n

A
U

or
PU

or
C
M
E

N
R

72
(2
4

on G
O
L
)

780 Ophthalmol Ther (2021) 10:777–813



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

Iw
ah
as
hi
,

20
19

[2
4]

C
S

IF
X

2
A
S
(n

=
1)

A
S
?

PS
(n

=
1)

R
A

C
lin

ic
al
im

pr
ov
em

en
t.

T
re
at
m
en
t

di
sc
on
ti
nu

at
io
n
du
e
to

pa
ra
do
xi
ca
l
oc
ul
ar

A
E

O
ne

pa
ti
en
t
sw
it
ch
ed

to

to
ci
liz
um

ab
w
it
h

co
m
pl
et
e
re
so
lu
ti
on

of

sc
le
ri
ti
s
an
d
m
ac
ul
ar

ed
em

a

M
ac
ul
ar

ed
em

a
an
d

vi
tr
eo
us

op
ac
it
y

(n
=
1)

E
xa
ce
rb
at
io
n
of

PS
,

de
ns
e
vi
tr
it
is
an
d

se
ro
us

re
ti
na
l

de
ta
ch
m
en
t
(n

=
1)

4.
5

D
ut
ta

M
aj
um

de
r,

20
19

[5
1]

C
R

G
O
L

1
N
A
S

Id
io
pa
th
ic

Pr
op
er

co
nt
ro
l
of

sc
le
ri
ti
s

al
lo
w
in
g
th
e
in
se
rt
io
n
of

A
hm

ed
gl
au
co
m
a
va
lv
e

N
R

–

D
ur
ra
ni
,

20
17

[1
7]

R
S

A
D
A

9
N
S
sc
le
ri
ti
s

N
R

R
es
ol
ut
io
n
of

in
fla
m
m
at
io
n
in

47
%

of

th
e
ey
es
w
it
h
re
ca
lc
it
ra
nt

di
se
as
e
an
d
tr
ea
te
d
w
it
h

m
ul
ti
pl
e

im
m
un

os
up
pr
es
sa
nt
s.

G
C
-s
pa
ri
ng

ef
fe
ct

C
ys
to
id

m
ac
ul
ar

ed
em

a

re
so
lv
ed

in
3/
4
ey
es

D
is
co
nt
in
ua
ti
on

in
4

pa
ti
en
ts
du
e
to

in
ef
fe
ct
iv
en
es
s

Sk
in

re
ac
ti
on

(n
=
1)
,

ra
sh

(n
=
1)
,f
at
ig
ue

an
d
bo
dy

ac
he

(n
=
1)
,a
ng
in
a

(n
=
1)
,s
w
el
lin

g
of

re
ct
us

m
us
cl
es

(n
=
1)
,r
et
in
al

de
ta
ch
m
en
t
(n

=
1)

31
.2

Ophthalmol Ther (2021) 10:777–813 781



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

L
aw

uy
i,
20
16

[1
6]

C
S

A
D
A

2
N
A
S
(n

=
2)

R
A

(n
=
1)

Id
io
pa
th
ic
(n

=
1)

C
lin

ic
al
re
so
lu
ti
on

an
d

co
nt
ro
l
of

sc
le
ra
l

ne
cr
os
is

G
as
tr
oe
nt
er
it
is
(n

=
1)
,

he
rp
es

zo
st
er

re
ac
ti
va
ti
on

(n
=
1)

7.
5

Sa
in
z-
de
-la
-

M
az
a,
20
16

[2
0]

C
S

IF
X

(n
=
5)

A
D
A

(n
=
5)

C
Z
P
(n

=
1)

E
T
N

(n
=
1)

13
D
iff
us
e
A
S
(n

=
10
)

N
A
S
(n

=
3)

R
P

IF
X

an
d
A
D
A

w
er
e

ef
fe
ct
iv
e
in

1
an
d
2

pa
ti
en
ts
,r
es
pe
ct
iv
el
y.

T
w
o
pa
ti
en
ts
de
ve
lo
pe
d

sc
le
ri
ti
s
af
te
r
IF
X

th
er
ap
y
an
d
1
of

th
em

w
as

ad
m
in
is
te
re
d
A
D
A

an
d
E
T
N

w
it
ho
ut

su
cc
es
s.
Fi
na
lly

C
Z
P

pe
go
lw

as
gi
ve
n,

w
it
h
no

fu
rt
he
r
re
la
ps
es

of

sc
le
ri
ti
s

2
pa
ra
do
xi
ca
l
sc
le
ri
ti
s

re
ac
ti
on
s
un

de
r
IF
X

21

A
kh
ta
r,
20
15

[1
5]

C
R

A
D
A

1
A
S

T
ak
ay
as
u
ar
te
ri
ti
s

M
ar
ke
d
im

pr
ov
em

en
t
of

sc
le
ri
ti
s,
G
C
-s
pa
ri
ng

ef
fe
ct

N
R

18

782 Ophthalmol Ther (2021) 10:777–813



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

R
ag
am

,2
01
4

[7
]

R
S

A
D
A

(n
=
7)
IF
X

(n
=
10
)

17
N
on
-n
ec
ro
ti
zi
ng

sc
le
ri
ti
s

R
A

(n
=
12
)

R
A

?
C
D

(n
=
2)

R
A

?
G
D

(n
=
1)

G
D

(n
=
1)

C
D

(n
=
1)

C
on
tr
ol

of
ac
ti
ve

in
fla
m
m
at
io
n
fo
r
at
le
as
t

2
m
on
th
s
w
as

ac
hi
ev
ed

in
88
%

of
pa
ti
en
ts
.F

iv
e

(2
9%

)
pa
ti
en
ts
en
de
d
up

sw
it
ch
in
g
fr
om

on
e

T
N
Fa

in
hi
bi
to
r
to

an
ot
he
r

St
ab
le
vi
su
al
ac
ui
ty
.N

o

si
gn
ifi
ca
nt

di
ff
er
en
ce
s

be
tw
ee
n
A
D
A

an
d
IF
X

A
lle
rg
ic
re
ac
ti
on

to
a

si
ng
le
in
fu
si
on

of
IF
X

(n
=
1)
.

T
ra
ns
am

in
it
is

on
A
D
A

tr
ea
tm

en
t

(n
=
1)

25
.8

H
at
a,
20
12

[4
0]

C
R

IF
X

1
N
od
ul
ar

sc
le
ri
ti
s
w
it
h

su
pe
rfi
ci
al
pu
nc
ta
te

ke
ra
ti
ti
s

R
A

Sc
le
ri
ti
s
an
d
in
fil
tr
at
iv
e

ke
ra
ti
ti
s
co
m
pl
et
el
y

im
pr
ov
ed
.N

o

re
oc
cu
rr
en
ce

of
oc
ul
ar

di
se
as
e

N
o
si
de

ef
fe
ct
s

N
R

Sa
ss
a,
20
12

[4
8]

C
R

E
T
N

1
N
S
sc
le
ri
ti
s

R
A

D
ev
el
op
m
en
t
of

sc
le
ri
ti
s

1
m
on
th

af
te
r
E
T
N

re
in
tr
od
uc
ti
on

an
d

re
oc
cu
rr
en
ce

du
ri
ng

re
ch
al
le
ng
e.
C
lin

ic
al

re
so
lu
ti
on

up
on

sw
it
ch

to
IF
X

Pa
ra
do
xi
ca
l
sc
le
ri
ti
s
af
te
r

E
T
N

th
er
ap
y

10
0
on

E
T
N
,

12
on

IF
X

Ophthalmol Ther (2021) 10:777–813 783



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

G
au
jo
ux
-

V
ia
la
,2

01
2

[4
7]

C
S

E
T
N

3
A
S
w
it
h
uv
ei
ti
s

(n
=
2)

N
A
S
(n

=
1)

R
A

R
ap
id

re
m
is
si
on

af
te
r

E
T
N

di
sc
on
ti
nu

at
io
n.

O
ne

pa
ti
en
t
ex
pe
ri
en
ce
d

a
de
ch
al
le
ng
e-

re
ch
al
le
ng
e

ph
en
om

en
on

Pa
ra
do
xi
ca
l
sc
le
ri
ti
s
af
te
r

E
T
N

th
er
ap
y

25
.7

T
lu
ce
k,

20
20

[5
2]

C
R

C
Z
P
pe
go
l

1
N
S
sc
le
ri
ti
s

R
A

R
es
ol
ut
io
n
bo
th

sy
m
pt
om

at
ic
al
ly
an
d
on

op
ht
ha
lm
ol
og
ic
al

ex
am

in
at
io
n

N
R

5

B
aw

az
ee
r,

20
11

[1
4]

C
R

A
D
A

1
N
od
ul
ar

A
S

Id
io
pa
th
ic

R
ap
id

co
nt
ro
l
of

sc
le
ri
ti
s

w
it
hi
n
3
m
on
th
s
af
te
r

fa
ilu
re

of
IF
X
,G

C
-

sp
ar
in
g
ef
fe
ct

N
o
si
de

ef
fe
ct
s

60
(2
4

on A
D
A
)

O
h,

20
11

[3
9]

C
R

IF
X

1
A
S
?

PS
?

PU
K

Ju
ve
ni
le
R
A

A
ft
er

th
e
th
ir
d
IF
X

in
fu
si
on
,t
he

co
rn
ea
l

ul
ce
ra
ti
on

st
op
pe
d,

an
d

co
nj
un

ct
iv
al
hy
pe
re
m
ia

an
d
oc
ul
ar

di
sc
om

fo
rt

w
er
e
re
lie
ve
d.

Sy
st
em

ic

im
m
un

os
up
pr
es
si
on

ta
pe
re
d
af
te
r
3
m
on
th
s

N
R

12

784 Ophthalmol Ther (2021) 10:777–813



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

D
oc
to
r,
20
10

[5
]

C
S/ R
S

IF
X

10
D
iff
us
e
A
S
(n

=
4)

N
od
ul
ar

A
S
(n

=
3)

Sc
le
ro
uv
ei
ti
s
(n

=
3)

C
M
E
(n

=
1)
,P

U
K

(n
=
1)
,i
nt
er
st
it
ia
l

ke
ra
ti
ti
s
(n

=
1)
,

an
te
ri
or

uv
ei
ti
s

(n
=
1)

Id
io
pa
th
ic
(n

=
3)

R
A

(n
=
2)

C
D

(n
=
2)

R
A

?
C
D

(n
=
2)

B
S
(n

=
1)

Fa
vo
ra
bl
e
re
sp
on
se

in
90
%

of
th
e
pa
ti
en
ts
,w

it
h
6
of

th
em

ac
hi
ev
in
g

re
m
is
si
on

an
d
ce
ss
at
io
n

of
co
nc
om

it
an
t

im
m
un

os
up
pr
es
si
on
.

M
on
th
ly
in
fu
si
on
s
m
ay

be
re
qu
ir
ed

to
m
ai
nt
ai
n

re
m
is
si
on

D
ru
g-
in
du
ce
d
lu
pu
s

(n
=
1)

St
re
pt
oc
oc
ca
l
up
pe
r

re
sp
ir
at
or
y
in
fe
ct
io
ns

(n
=
2)

H
er
pe
s
zo
st
er

(n
=
1)

16
.8

R
es
tr
ep
o,

20
10

[1
3]

C
R

A
D
A

1
N
od
ul
ar

A
S

R
A

C
on
tr
ol

of
oc
ul
ar

an
d

ex
tr
ao
cu
la
r

m
an
ife
st
at
io
ns

at

3-
m
on
th

fo
llo
w
-u
p

6

Ja
bb
ar
va
nd

,

20
10

[3
8]

C
R

IF
X

1
N
A
S
?

PU
K

R
P

C
om

pl
et
e
re
m
is
si
on

N
R

12

K
on
tk
an
en
,

20
10

[3
7]

C
R

IF
X

1
N
SA

G
PA

R
ap
id

cl
in
ic
al
re
sp
on
se
.

Im
pr
ov
em

en
t
in

vi
su
al

ac
ui
ty

N
R

24

A
ba
lo
s

M
ed
in
a,

20
10

[3
6]

C
S

IF
X

1
N
A
S

R
A

R
ap
id

cl
in
ic
al

im
pr
ov
em

en
t,
re
so
lu
ti
on

of
sy
m
pt
om

s
af
te
r
th
e

3r
d
IF
X

in
fu
si
on

N
R

4

H
er
re
ra
-

E
sp
ar
za
,

20
09

[3
5]

C
R

IF
X

1
A
S

R
A

C
lin

ic
al
im

pr
ov
em

en
t

2
w
ee
ks

fo
llo
w
in
g
th
e

fir
st
IF
X

in
fu
si
on

N
o
si
de

ef
fe
ct
s

24

Ophthalmol Ther (2021) 10:777–813 785



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

Se
n,

20
09

[2
1]

C
T

IF
X

5
A
S

H
L
A
-B
27

sc
le
ri
ti
s

(n
=
1)

G
PA

(n
=
1)

C
og
an
’s
sy
nd

ro
m
e

(n
=
1)

Id
io
pa
th
ic
(n

=
1)

A
ll
pa
ti
en
ts
ac
hi
ev
ed

co
nt
ro
l
of

ac
ti
ve

sc
le
ri
ti
s

w
it
hi
n
14

w
ee
ks
.O

ne

pa
ti
en
t
w
it
h
G
PA

de
ve
lo
pe
d
ne
w
-o
ns
et

in
tr
ao
cu
la
r

in
fla
m
m
at
io
n
af
te
r

14
w
ee
ks
.C

lin
ic
al

re
so
lu
ti
on

in
4
ou
t
of

5

E
ar

in
fe
ct
io
n
w
it
h

tr
an
si
en
t
de
cr
ea
se
d

he
ar
in
g,
U
T
I,
lo
w
er

R
T
I,
an
d
fa
ci
al
ra
sh

(n
=
1)

U
T
I,
di
ar
rh
ea
,u

pp
er

R
T
I,
na
sa
l
co
ng
es
ti
on

an
d
he
ad
ac
he
,m

ou
th

so
re
s,
he
ad

tr
em

or
,

oc
ca
si
on
al
nu

m
bn
es
s

an
d
ti
ng
lin

g
in

ex
tr
em

it
ie
s
(n

=
1)

10
.8

A
hn

,2
00
9

[2
6]

C
S

IF
X

3
N
A
S

Id
io
pa
th
ic

C
lin

ic
al
re
so
lu
ti
on
,

ch
or
oi
da
l
an
d
re
ti
na
l

de
ta
ch
m
en
t
su
bs
id
ed

N
o
co
m
pl
ic
at
io
n

ob
se
rv
ed

16

L
op
ez
-

G
on
za
le
z,

20
09

[3
4]

C
S

IF
X

1
N
ec
ro
ti
zi
ng

sc
le
ri
ti
s

Id
io
pa
th
ic

C
lin

ic
al
re
sp
on
se
.

In
ac
ti
vi
ty

of
po
st
er
io
r

po
le
.G

C
-s
pa
ri
ng

ef
fe
ct
.

Pr
es
er
ve
d
vi
su
al
ac
ui
ty

N
o
A
E

2.
5

L
e
G
ar
re
c,

20
09

[4
6]

C
S

E
T
N

2
N
od
ul
ar

A
S

R
A

D
ev
el
op
m
en
t
of

no
du
la
r

A
S
in

2
pa
ti
en
ts
,

17
m
on
th
s
an
d

12
m
on
th
s
af
te
r
E
T
N

in
it
ia
ti
on
,r
es
pe
ct
iv
el
y

Pa
ra
do
xi
ca
l
no
du
la
r
A
S

(n
=
2)

14
.5

H
uy
nh

,2
00
8

[1
2]

C
S

A
D
A

(n
=
2)
,

IF
X

(n
=
1)

3
N
S
sc
le
ri
ti
s

R
A

(n
=
1)

Ps
or
ia
si
s
(n

=
3)

C
lin

ic
al
re
sp
on
se
,

re
du
ct
io
n
in

in
fla
m
m
at
or
y
gr
ad
e

N
o
si
gn
ifi
ca
nt

cl
in
ic
al
or

la
bo
ra
to
ry

A
E

8.
5

786 Ophthalmol Ther (2021) 10:777–813



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

C
ul
ve
r,
20
08

[3
3]

C
R

IF
X

1
PS

?
or
bi
ta
l
m
io
si
ti
s

C
D

IF
X

ha
d
a
pa
rt
ia
l
ef
fic
ac
y

on
oc
ul
ar

di
se
as
e
an
d
no

im
pa
ct

on
in
te
st
in
al

sy
m
pt
om

s.
T
w
o
m
on
th
s

af
te
r
cy
cl
op
ho
sp
ha
m
id
e

in
fu
si
on
s
th
e
pa
ti
en
t

ha
d
a
re
cu
rr
en
ce

an
d

w
as

tr
ea
te
d
w
it
h
A
D
A

w
it
h
no

fu
rt
he
r
re
la
ps
es

N
R

R
ou
gh
ly

10

M
or
le
y,
20
08

[3
2]

C
S

IF
X

1
N
A
S

Su
rg
ic
al
ly
in
du
ce
d

ne
cr
ot
iz
in
g

sc
le
ri
ti
s

IF
X

di
sc
on
ti
nu

at
io
n
af
te
r

th
e
3r
d
in
fu
si
on

du
e
to

ge
ne
ra
l
m
al
ai
se
.L

es
io
n

re
so
lv
ed

1
m
on
th

af
te
r

IF
X

ce
ss
at
io
n

G
en
er
al
m
al
ai
se
af
te
r
3r
d

in
fu
si
on

2.
5

W
ei
ss
,2

00
7

[3
1]

C
R

IF
X

1
PS

?
pa
pi
lli
ti
s

Id
io
pa
th
ic

C
lin

ic
al
re
lie
f
in

10
da
ys

fo
llo
w
in
g
th
e
fir
st
IF
X

in
fu
si
on
.R

ed
uc
ti
on

of

sc
le
ra
l
sw
el
lin

g
on

B
-m

od
e
ul
tr
as
ou
nd

ex
am

in
at
io
n
an
d

re
gr
es
si
on

of
pa
pi
lli
ti
s
at

fu
nd

os
co
py
.C

om
pl
et
e

re
m
is
si
on

at
4
m
on
th
s

N
o
si
de

ef
fe
ct
s

16

Ophthalmol Ther (2021) 10:777–813 787



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

So
br
in
,2

00
7

[2
2]

R
S

IF
X

10
N
S
sc
le
ri
ti
s
(n

=
6)

N
od
ul
ar

sc
le
ri
ti
s

(n
=
2)

Sc
le
ri
ti
s
?

an
te
ri
or

uv
ei
ti
s
(n

=
1)

Sc
le
ri
ti
s
?

pa
nu

ve
it
is

(n
=
1)

R
A

(n
=
2)

C
D

(n
=
1)

R
P
(n

=
1)

R
ea
ct
iv
e
ar
th
ri
ti
s

(n
=
1)

A
nk
yl
os
in
g

sp
on
dy
lit
is
(n

=
1)

Id
io
pa
th
ic
(n

=
4)

N
in
e
ou
t
of

10
pa
ti
en
t

w
er
e
cl
as
si
fie
d
as

re
sp
on
de
rs
an
d
1
as

pa
rt
ia
l
re
sp
on
de
r

re
qu
ir
in
g
al
ky
la
ti
ng

ag
en
t
th
er
ap
y.
Fi
ve

pa
ti
en
ts
w
er
e
ab
le
to

re
du
ce

th
ei
r
co
nc
ur
re
nt

im
m
un

os
up
pr
es
si
ve

th
er
ap
y.
T
hr
ee

pa
ti
en
ts

w
er
e
ab
le
to

re
m
ai
n

re
la
ps
e-
fr
ee

w
hi
le
no
t

ta
ki
ng

an
y
m
ed
ic
at
io
n

L
up
us
-li
ke

re
ac
ti
on

ca
us
in
g
tr
ea
tm

en
t

w
it
hd
ra
w
al
(n

=
1)

20

A
tc
hi
a,
20
06

[3
0]

C
R

IF
X

1
N
A
S
?

PU
K

R
A

D
ra
m
at
ic
im

pr
ov
em

en
t

af
te
r
th
e
fir
st
IF
X

in
fu
si
on

N
R

5

G
al
or
,2

00
6

[4
4]

R
S

22
pa
ti
en
ts

w
it
h
uv
ei
ti
s

an
d
sc
le
ri
ti
s

IF
X

(n
=
13
)

E
T
N

(n
=
9)

4
A
S
(n

=
3)

N
A
S
(n

=
1)

R
A

(n
=
2)

R
P
(n

=
2)

T
w
o
pa
ti
en
ts
de
ve
lo
pe
d

th
ei
r
fir
st
ep
is
od
e
of

an
te
ri
or

sc
le
ri
ti
s
8
an
d

31
m
on
th
s
af
te
r
E
T
N

tr
ea
tm

en
t

Pa
ra
do
xi
ca
l
A
S
(n

=
1)

an
d
N
A
S
(n

=
1)

af
te
r
E
T
N

tr
ea
tm

en
t

–

E
l-S
ha
br
aw

i,

20
05

[2
9]

C
R

IF
X

1
N
A
S
?

PU
K
,

an
te
ri
or

uv
ei
ti
s

G
PA

C
lin

ic
al
im

pr
ov
em

en
t,

dr
ug
-s
pa
ri
ng

ef
fe
ct
,

vi
su
al
ac
ui
ty

im
pr
ov
em

en
t

A
cu
te

he
rp
es

zo
st
er

in
fe
ct
io
n

13

788 Ophthalmol Ther (2021) 10:777–813



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

A
sh
ok
,2

00
5

[2
3]

C
R

IF
X

1
N
A
S
?

PU
K

R
A

D
ra
m
at
ic
re
sp
on
se

af
te
r

th
re
e
in
fu
si
on
s
of

IF
X
.

Im
pr
ov
em

en
t
of

vi
su
al

ac
ui
ty
.R

el
ap
se

up
on

re
du
ct
io
n
of

pr
ed
ni
so
lo
ne

at
12
.5
m
g

da
ily
.C

lin
ic
al
re
so
lu
ti
on

af
te
r
in
cr
ea
se
d
do
sa
ge
s

fr
om

3
m
g/
kg

to
5
m
g/

kg
of

IF
X

N
R

24

C
az
ab
on
,

20
05

[2
8]

C
R

IF
X

1
D
iff
us
e
A
S

R
P

C
lin

ic
al
re
so
lu
ti
on

of

oc
ul
ar

an
d
sy
st
em

ic

m
an
ife
st
at
io
ns

N
o
A
E
re
po
rt
ed

6

D
ı́a
z-
V
al
le
,

20
04

[2
7]

C
R

IF
X

1
D
iff
us
e
A
S

R
A

C
lin

ic
al
im

pr
ov
em

en
t

af
te
r
th
e
2n
d
in
fu
si
on

of

IF
X
.R

es
ol
ut
io
n
af
te
r

3r
d
in
fu
si
on

N
R

6

M
ur
ph
y,

20
04

[2
5]

C
S

IF
X

4
N
S
sc
le
ri
ti
s
(n

=
3)

N
A
S
?

PU
K
(n

=
1)

R
A

(n
=
1)

pA
N
C
A

re
na
l

va
sc
ul
it
is
(n

=
1)

Id
io
pa
th
ic
(n

=
2)

T
hr
ee

ou
t
of

4
pa
ti
en
ts

ac
hi
ev
ed

re
m
is
si
on
.O

ne

pa
ti
en
t
sh
ow

ed
a
pa
rt
ia
l

re
sp
on
se

bu
t
tr
ea
tm

en
t

w
as

w
it
hd
ra
w
n.

R
ep
ea
te
d
in
fu
si
on
s
w
er
e

re
qu
ir
ed

to
m
ai
nt
ai
n

re
m
is
si
on

In
fu
si
on
-r
el
at
ed

re
ac
ti
on

10
.5

Ophthalmol Ther (2021) 10:777–813 789



T
a
b
le

1
co
n
ti
n
u
ed

Fi
rs
t
au
th
or
,

ye
ar

re
fe
re
nc
e

St
ud

y
de
si
gn

B
io
lo
gi
c

ag
en
t

N
�

T
yp
e
of

sc
le
ri
ti
s

Sy
st
em

ic
di
se
as
e

R
es
ul
ts

Sa
fe
ty

pr
ofi

le
M
ea
n

fo
llo

w
-

up (m
on

th
s)

H
er
na
nd

ez
-

Il
la
s,
20
04

[4
2]

R
S

E
T
N

10
D
iff
us
e
A
S
(n

=
3)

N
eS

(n
=
3)

Se
ct
or
al
di
ff
us
e

sc
le
ri
ti
s
(n

=
1)

PU
K

(n
=
1)

R
ec
ur
re
nt

co
rn
eo
sc
le
ra
l

ul
ce
ra
ti
on
s
(n

=
1)

Pe
ri
ph
er
al
ne
cr
ot
iz
in
g

co
rn
ea
l
ul
ce
ra
ti
on
s

(n
=
1)

R
A

(n
=
3)
,G

PA

(n
=
2)
,P

sA

(n
=
1)
,C

D

(n
=
1)
,

R
P
(n

=
1)
,

id
io
pa
th
ic
(n

=
1)
,

ar
th
ri
ti
s
(n

=
1)

E
T
N

pr
ov
ed

to
be

ef
fe
ct
iv
e
in

re
so
lv
in
g

sc
le
ri
ti
s
an
d
st
er
ile

co
rn
ea
l
ul
ce
ra
ti
on
s
by

co
nt
ro
lli
ng

in
fla
m
m
at
io
n,

ar
re
st
in
g

ti
ss
ue

ul
ce
ra
ti
on
,a
nd

pe
rm

it
ti
ng

in
m
an
y
ca
se
s

ta
pe
ri
ng

or
ce
ss
at
io
n
of

im
m
un

os
up
pr
es
si
ve

th
er
ap
ie
s

N
o
in
fe
ct
io
ns

or

sy
st
em

ic
to
xi
ci
ti
es

ob
se
rv
ed

–

T
ili
ak
os
,

20
03

[4
5]

C
S

E
T
N

1
N
S
sc
le
ri
ti
s

R
A

an
d
Sj
ög
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another retrospective study demonstrating the
efficacy of TNFa blockade with IFX in refractory
scleritis. A favorable response was seen in 90%
of the patients, with six of them achieving
remission and cessation of concomitant
immunosuppressants. Dosing intervals shorter
than 8 weeks were found to be well tolerated
and avoid inflammatory relapses that may occur
during the last days of a standard interval before
the next infusion [5]. In fact, increasing the
dose or shortening the interval between doses is
sometime required to control scleral inflamma-
tion [5, 22, 23].

To this end, patients should be closely
monitored for potential AEs. Lupus-like reac-
tions have been described in patients treated
with IFX for severe scleritis [5, 22]. Patients
treated with IFX may also develop new ocular
inflammations defined as a paradoxical reac-
tion. Possible mechanisms underlying such
reactions may include interferon overproduc-
tion, Th17 cell expansion, and Th1 homing due
to increased chemokine levels and receptors
induced by interferon-a [24].

Murphy et al. reported seven IFX-treated
patients with non-infectious ocular inflamma-
tory disease refractory to conventional
immunosuppression, of whom four were diag-
nosed with scleritis. Three out of four achieved
remission, with the remaining patient showing
a partial response but withdrawn from treat-
ment because of an infusion-related reaction.
Given its rapid action, the authors suggested
IFX as a valid substitute for high-dose pred-
nisolone as rescue therapy during ocular relap-
ses [25]. A small series of three patients affected
by idiopathic necrotizing anterior scleritis
showed an excellent efficacy of IFX character-
ized by a complete clinical response as well as
resolution of choroidal and retinal detachment
[26]. Fifteen additional single-patient reports
were retrieved [27–41], and their respective
findings are reported in Table 1. IFX has proven
to be effective in the treatment of refractory
scleritis also associated with rare disorders such
as RP [33, 43], granulomatosis with polyangiitis
(GPA) [29, 39], and surgically induced necro-
tizing scleritis [32] as well as in pediatric
patients under appropriate circumstances
[31, 39, 41].
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ög
re
n’
s
sy
nd

ro
m
e,
T
C
Z
to
ci
liz
um

ab
,T

FC
to
fa
ci
ti
ni
b,

V
A
vi
su
al
ac
ui
ty

800 Ophthalmol Ther (2021) 10:777–813



Direct comparisons between ADA and IFX
are currently limited. Ragam et al. found that
the overall likelihood of achieving inflamma-
tion control on ADA and IFX was 66% and 77%,
respectively, without any significant differences
[7]. The lack of robust data does not allow one
to establish the superiority of one agent over
the other in the therapeutic approach of non-
infectious scleritis. Moreover, in-class switching
is a suitable solution in case loss of efficacy or
safety concerns arise [7, 18].

Etanercept

Etanercept (ETN), either in association with
conventional immunosuppressants or as
monotherapy, has provided encouraging results
in the early 2000s for the management of dif-
fuse or necrotizing anterior scleritis as well as
sterile peripheral ulcerative keratitis (PUK).
Particularly, ETN was shown to control inflam-
mation and arrest tissue ulceration while per-
mitting a drug-sparing effect in 10 patients
affected by non-infectious scleritis or PUK [42].
Its use, however, has lost popularity over time
given the reported paradoxical effects on ocular
inflammatory diseases. Indeed, several studies
have disclosed controversial results of ETN in
the management of such conditions. The first
cases of paradoxical ocular inflammation were
reported by Smith and colleagues. Three
patients with RA developed bilateral scleritis for
the first time, 1, 2, and 6 months after com-
mencing ETN, respectively [43]. Another study
performing direct comparisons between IFX
and ETN reported two other patients with RA
developing their first episode of anterior scleritis
after ETN initiation. Furthermore, all ETN-trea-
ted patients in the study eventually required a
change in medication to control ocular inflam-
mation. The authors found IFX to be superior to
ETN in the treatment of ocular inflammation
and in decreasing the use of topical GCs [44].
Other single-patient reports and small case ser-
ies of patients with RA have reported similar
findings, raising the dilemma of whether to
continue treatment with ETN despite an opti-
mal control of extraocular manifestations
[45–48]. To the best of our knowledge, a total of

13 patients with ETN-related paradoxical scle-
ritis, all affected by RA, have been described so
far. The underlying mechanisms still need to be
clarified, but a possible pathogenetic hypothesis
may explain the tendency of TNF inhibition to
precipitate an ocular inflammatory disease in
predisposed individuals. First of all, TNF inhi-
bition may interfere with apoptosis, which is
believed to play a crucial role in the mainte-
nance of ocular immune privilege [49]. Sec-
ondly, pharmacodynamic peculiarities may
become relevant in specific situations. For
instance, when TNFa levels are low, p75 TNF
receptor, which possesses a fivefold higher
affinity than p55, facilitates p55 activity possi-
bly by a ligand-passing mechanism or as a result
of intracellular kinase activation. Therefore,
ETN, a soluble P75 TNF receptor, may interfere
with immune homeostasis and influx of
inflammatory cells in the eye [47]. Further data
are required to draw firm conclusions in such a
controversial topic.

Golimumab

Experience with golimumab (GOL) in treating
non-infectious scleritis relies on rare single-pa-
tient reports [11, 50, 51]. GOL efficacy was
described in a middle-aged woman affected by
psoriatic arthritis and bilateral progressive
necrotizing posterior scleritis associated with
retinal vasculitis refractory to methotrexate,
cyclosporine, and ADA treatment. Following
the introduction of GOL, good control of the
scleritis and arthritis without any relapse or
progression of retinal lesions was described [50].
GOL proved to be rapidly effective in control-
ling scleral inflammation also in a patient
affected by necrotizing scleritis and advanced
glaucoma requiring Ahmed valve implant. Res-
olution of scleritis within 2 months allowed the
insertion of an Ahmed valve in this patient,
avoiding the high risk of globe perforation due
to scleral thinning and a post-surgical relapse of
scleritis [51].
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Certolizumab Pegol

No comprehensive studies describing the treat-
ment of scleritis with certolizumab have been
reported so far, although a single case report
described its efficacy in a case of rheumatoid
arthritis (RA)-related bilateral scleritis refractory
to ETN and following withdrawal of IFX because
of AEs [52].

ANTI-CD20 THERAPY

Rituximab

Since the first reports of rituximab (RTX) effi-
cacy in scleritis associated with systemic disor-
ders [53, 54], a growing body of evidence in the
management of refractory scleritis with RTX has
emerged in the last 15 years. The only prospec-
tive, randomized, phase I/II clinical trial pub-
lished so far disclosed an optimal RTX efficacy
and safety profile in a large proportion of
patients affected by refractory non-infectious
scleritis, with nine out of 12 achieving a
reduction of scleritis grading scale within
24 weeks. More than half of them required re-
treatment to maintain inflammatory control.
Interestingly, the authors did not find
notable differences in terms of efficacy, safety,
and B cell depletion between patients who
received 500 mg and those treated with
1000 mg, suggesting that treatment regimens
with lower dosages may be therapeutically
equivalent to the standard protocol employed
in many rheumatologic diseases [6]. However,
the vast majority of the available data relies on
real-life uncontrolled scenarios. Joshi and
coworkers conducted a retrospective analysis of
37 patients with GPA treated with RTX, of
whom 20 were diagnosed with scleritis. RTX
was shown to induce complete and partial
remission in 85% and 10% of patients, respec-
tively, at 6 months [55]. Regarding cyclophos-
phamide use in GPA-related scleritis, RTX
appeared to be superior in terms of safety and
efficacy, with less need for treatment interrup-
tions and dose adjustments, although both
therapies proved to be effective and safe [56].
RTX was administered according to the

rheumatologic protocol in eight patients with
GPA-related refractory scleritis with optimal
results [57]. A different posologic regimen may
be required to maintain GC-free drug-induced
remission in recalcitrant scleritis [8]. Yet, no
firm conclusions can be drawn in this regard as
the small case series reported do not allow head-
to-head comparisons for the different protocols
employed. A second cycle of RTX may be
administered in case of relapse [6, 56, 57]. In
fact, a considerable proportion of patients with
GPA and scleritis have experienced relapses,
thus advocating for a maintenance treatment
instead of a single course of RTX that should be
extended for at least 18 months in order to
lower the relapse rate [58]. Morarji and col-
leagues described a unique and successful
combination therapy of RTX with IFX. The
patient affected by GPA received IFX during
early stages whilst waiting for RTX to establish
disease remission and, as a result, avoiding
cyclophosphamide in the acute phase [59].
Potential usefulness of IFX in gaining rapid
disease control and allowing time for RTX to
take effect, at least in some patients with
necrotizing scleritis, may be interesting to
explore while controlling for AEs. A case of
Pneumocystis jirovecii pneumonia after RTX
therapy and prednisolone for posterior scleritis
has been described [60]. Additionally, paradox-
ical ocular manifestations including cystoid
macular edema following RTX administration
were also reported [61].

Along with its efficacy in most patients with
localized and generalized ocular GPA, RTX is an
effective treatment modality for recalcitrant
non-infectious scleritis either idiopathic or
associated with different systemic inflammatory
disorder. It may also provide long-term drug-
free remission in some patients. In a relatively
large cohort of patients, 14 out of 15 (93.3%)
showed an initial improvement, and a subgroup
analysis among those with longer follow-up
disclosed a success rate of 61% [8]. Table 2 lists
all studies published so far where RTX has been
employed to treat non-infectious scleritis and
details some data regarding ocular and systemic
diagnosis, main findings, mean follow-up as
well as safety profile if reported. Briefly, most
patients with scleritis treated with RTX were
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affected by GPA (n = 68), followed by RA
(n = 14) and idiopathic cases (n = 13). Most
patients were diagnosed with diffuse anterior
scleritis (n = 36), followed by necrotizing ante-
rior scleritis (n = 22), posterior scleritis or pan-
scleritis (n = 11), and nodular anterior scleritis
(n = 5). However, the anatomical pattern was
not specified in a considerable proportion of
cases (n = 30). The first study of scleritis associ-
ated with RA and successfully treated with RTX
dates back to 2009. The authors described three
patients refractory or intolerant to conventional
immunosuppressants or TNF inhibitors, sug-
gesting a special consideration for RTX in
inflammatory eye diseases secondary to RA or
other rheumatologic disorders [62]. Other
interesting case reports and small case series
have also been reported [19, 63–72]. RTX yiel-
ded a rapid benefit in an interesting case of
severe and refractory scleritis associated with
IgG4-related disease and initially misdiagnosed
as idiopathic scleritis, advocating for a potential
role of CD20 blockade as a therapeutic option in
such cases [73]. Anecdotal evidence has been
disclosed for RTX efficacy in scleritis diagnosed
in the context of chronic lymphatic leukemia
[74], lymphocytic hypophysitis [75], and surgi-
cally induced scleritis [76]. RTX appears to be a
promising agent in the management of refrac-
tory scleritis in both idiopathic scleritis and
scleritis associated with immune-mediated sys-
temic disorders. Its administration, either as
monotherapy or in combination with GCs or
immunosuppressive agents, has shown a favor-
able ocular outcome. It would be tempting to
test RTX efficacy as a first-line immunosup-
pressive therapy instead of a last resort option in
the classic stepwise/stepladder approach in
selected young patients with a particular severe
form [67, 72].

IL-1 INHIBITORS

Interleukin (IL)-1 plays a key role in the patho-
genesis of different inflammatory and degener-
ative eye diseases and its overexpression might
be an initiating factor for many
immunopathologic scenarios in the eye, as

proven by the efficacy of the specific IL-1
blockade in different ocular conditions [77].

Anakinra

Botsios et al. described two patients affected by
unilateral refractory non-infectious anterior
scleritis related to RA and treated with anakinra
(ANA) in combination with methotrexate
10 mg/week over a follow-up period of 3 years
(patient 1) and 1 year (patient 2). Former IFX
and ETN improved the articular domain, but
did not ameliorate scleral inflammation. Both
patients experienced a dramatic resolution of
scleritis signs and symptoms within 6–8 weeks
[78]. Treatment with the IL-1 receptor antago-
nist ANA was later employed in 10 consecutive
patients affected by severe and refractory non-
necrotizing scleritis. Seven patients presented
bilateral anterior non-necrotizing diffuse scleri-
tis while three patients manifested unilateral
disease either with anterior or posterior
involvement. Ninety percent of the patients
were considered as complete responders at the
end of follow-up. Remission, defined as resolu-
tion of scleral inflammation, edema, and pain,
occurred after 1 month of ANA treatment in
eight patients and after 2 months in one
patient. Interestingly, a drug-sparing effect was
recorded with a significant reduction of GC
daily intake as well as discontinuation of con-
ventional immunosuppressants in all but one.
In addition to a rapid improvement of scleral
inflammation within 1 month in almost all
patients, the authors described a good safety
profile with only four mild AEs that did not
require ANA discontinuation [10]. We recently
reported 14 patients with scleritis treated with
biologic agents other than TNFa inhibitors.
Three patients were administered ANA
100 mg/day subcutaneously. One of them has
been receiving ANA for 44 months with resolu-
tion of scleral inflammation and scleritis relap-
ses [79].

Gevokizumab

Blockade of IL-1b with gevokizumab has been
shown to provide benefits in treating active,
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non-infectious, anterior scleritis. More exten-
sively, gevokizumab has been used in a phase I/
II clinical trial where seven out of eight patients
with active non-infectious, non-necrotizing
scleritis met the primary outcome. Seven eyes
from seven patients exhibited at least a two-step
reduction or reduction to grade 0 in scleral
inflammation on a 0 to ?4 scale according to a
standardized photographic scleritis grading
system within a median time of 2 weeks.
Moreover, a good safety profile was reported
[10].

ANTI-IL-6 THERAPY

Tociluzimab

Pathogenetic evidence linking IL-6 with
intraocular inflammation has paved the way for
newer treatment strategies. Indeed, manipula-
tion of IL-6 in the inflammatory cascade of
immune-driven uveitis has yielded encouraging
results [80]. However, data on scleritis are still
scarce and IL-6 inhibition in this sight-threat-
ening disorder is still based on small case series
and single-patient reports. Tode et al. [81]
reported the first case of successful anti-IL6
treatment in refractory unilateral anterior
necrotizing scleritis. The patient showed a
reduction in scleritis grade and the necrotic
process ceased. Scleritis remission was achieved
after six combined steroid and tocilizumab
(TCZ) infusions. Nearly a year later, a retro-
spective case series of 17 patients, six of whom
were affected by recalcitrant non-infectious
scleritis (anterior scleritis n = 5, panscleritis
n = 1, eight eyes), was published. Five patients
were diagnosed with an underlying systemic
disease. At 6- and 9-month follow-up, 50% of
patients with scleritis achieved control of
inflammation as well as a steroid-sparing effect.
Additionally, TCZ was able to control disease
activity in one patient with scleritis and
inflammatory bowel disease for almost 3 years
before being discontinued because of secondary
failure. Interestingly, in a subgroup analysis,
time to inflammatory control of scleritis was
found to be shorter than that of the patients
affected by uveitis with a median time of

50 days and 140 days, respectively [82]. Since
then, three other cases have been reported by
different authors. Poelman et al. [83] described a
case of a scleritis associated with biopsy-proven
giant cell arteritis rapidly and persistently
responsive to TCZ. We reported two patients
treated with TCZ for 3 and 28 months, respec-
tively, achieving resolution of the diffuse ante-
rior scleritis in the affected eyes [79].

TCZ seems to be a promising treatment also
for RP-related scleritis either as a first-line
immunosuppressive treatment or in refractory
patients unresponsive to conventional
immunosuppressants and/or other biologic
agents. A recent retrospective study of consec-
utive cases of scleritis and sclerouveitis showed
that they optimally responded to TCZ after
failing several conventional disease modifying
anti-rheumatic drugs (cDMARDs) and biologic
agents. Three patients clinically diagnosed with
RP and recalcitrant anterior diffuse or nodular
scleritis (five eyes) received monthly treatment
with TCZ at a dose of 8 mg/kg. This approach
resulted in complete and sustained ocular and
extraocular remission up to 2 years, while
allowing a steroid-sparing effect [84]. Another
patient with RP-related scleritis and treated with
TCZ has been reported. The report describes a
case with bilateral scleritis and auricular chon-
dritis refractory to GCs, methotrexate, and IFX
that was successfully treated with TCZ [85].
Paradoxical reactions might also be possible.
Anterior nodular scleritis following the second
dose of TCZ therapy and responsive to orally
administered prednisone was diagnosed in a
patient with rheumatoid arthritis, pyoderma
gangrenosum, and systemic lupus erythemato-
sus. Hence, ocular manifestations following IL-6
inhibition, although rare, should be considered
as potential AEs when treating rheumatic
patients with inflammatory arthritis [86].
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OTHER BIOLOGICS AGENTS
AND TARGETED SMALL
MOLECULES

Abatacept

Fabiani et al. employed co-stimulatory signal
modulation with abatacept in patients with
scleritis affected by RA. Two of three patients
(four eyes) with active diffuse anterior scleritis
achieved resolution of ocular inflammation at
last follow-up visit [79]. Abatacept efficacy has
also been reported in other ocular inflammatory
conditions such as PUK [87] and in juvenile
idiopathic arthritis-related uveitis also refrac-
tory to TNFa inhibitors [88]. Further prospective
and well-designed studies are warranted to
confirm these preliminary findings.

Ustekinumab

Ustekinumab is a human monoclonal antibody
directed against the shared p40 subunit of IL-12
and IL-23 licensed for psoriasis, psoriatic
arthritis, Crohn’s disease, and ulcerative colitis.
Currently, no randomized clinical trials
describing the effects of ustekinumab on scleri-
tis have been reported. Its efficacy was described
in a case of spondyloarthritis associated with
Crohn’s disease where also extraintestinal
manifestations, including scleritis, resolved
shortly after the drug was initiated [89].

Daclizumab

Daclizumab is a humanized monoclonal anti-
body acting against the a-subunit-CD25 of the
IL-2 receptor. In particular, it recognizes the
high-affinity protein Tac-p55 of the IL-2 recep-
tor and inhibits IL-2 signaling on activated
T cells and thus has the potential to restore
homeostasis of a dysregulated immune system.
Daclizumab was shown to improve inflamma-
tion in one of two patients with scleritis in a
retrospective case series analyzing its efficacy in
various ophthalmologic inflammatory condi-
tions refractory to standard therapy [90]. In
March 2018, this drug was withdrawn from the

market because of reports of autoimmune
encephalitis.

Alemtuzumab

Kommaraju and colleagues reported a case of
T cell prolymphocytic leukemia with central
nervous system involvement that presented
with bilateral diffuse anterior scleritis and
anterior uveitis with secondary glaucoma. Sys-
temic treatment with alemtuzumab and
intrathecal therapies with alternating cytara-
bine/hydrocortisone and methotrexate/hydro-
cortisone improved the lymphadenopathy
while resolving the pleural effusion and the
ophthalmologic manifestations within
1 month. However, unresponsive central ner-
vous system involvement was responsible for
the fatal outcome 19 months thereafter [91].

Tofacitinib

Intracellular signaling pathways, such as those
concerning Janus kinase (JAK), have emerged as
a key axis in the cytokine network and, conse-
quently, as important therapeutic targets.
Tofacitinib is an oral reversible JAK inhibitor
classified among targeted small molecules [92].
Its effectiveness in refractory scleritis has been
suggested in single-patient reports [79, 93],
including cases with necrotizing scleritis [94].
The underlying biologic rationale relies on the
tight interplay between JAK/signal transducers
and activators of transcription (STAT) intracel-
lular pathways and inflammatory cytokines
such as TNF and IL-6 which are involved in the
pathogenesis of ocular inflammatory diseases.
Paley et al. described two cases of recalcitrant
uveitis and scleritis responsive to tofacitinib
after failure or intolerance to multiple
immunomodulatory regimes. One patient with
scleritis responded within 3 weeks of tofacitinib
treatment [93]. A similar time to response was
also observed in an Indian patient affected by
necrotizing scleritis [94]. Patients who are
refractory to treatment with oral GCs and
immunomodulatory drugs including biologic
agents can benefit from this new class of small
molecules that may therefore be employed as
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effective GC-sparing agents. However, further
studies are warranted to confirm these anecdo-
tal findings.

Table 3 provides all the available studies with
some of their respective main findings regard-
ing IL-1 inhibitors, TCZ, and other biologic
agents as well as small molecules employed in
non-infectious scleritis.

CLOSING REMARKS

The management of non-infectious scleritis
may be challenging since its immunopatho-
genesis is not completely understood. Both
innate and adaptive immunity may be advo-
cated as the driving mechanisms leading to tis-
sue damage, with a pivotal role played by
inflammatory cytokines such as TNFa and IL-1,
which in turn induce the secretion of matrix
metalloproteinases from infiltrating inflamma-
tory cells and stromal scleral fibroblasts [1].
Despite being hard to pinpoint where non-in-
fectious scleritis is exactly situated in the
immunological disease continuum [95], it is
safe to assume that the pathophysiological
mechanisms are largely dependent on the
underlying systemic disease, if present. Indeed,
many authors believe that non-infectious scle-
ritis associated with systemic disorders repre-
sents an immune complex-mediated condition,
whereas idiopathic scleritis may arise after a
delayed hypersensitivity reaction [96]. The
association with systemic diseases may have
prognostic implications as well. Berkenstock
and Carey conducted the largest retrospective
review currently described in the literature to
evaluate the association between scleritis and
autoimmune entities. They reviewed 5.9 mil-
lion charts of the electronic medical record and
found 2702 patients affected by scleritis, of
which approximately a third (31.4%) had an
underlying autoimmune disease [97]. In this
analysis, the most frequent associated autoim-
mune condition was RA (6.8%) followed by
HLA-B27-related diseases (5.7%) and Sjögren/
Sicca syndrome (4.5%), gout (3.5%), lupus
(3.0%), and granulomatosis with polyangiitis
(1.7%). Scleritis associated with systemic con-
ditions, especially those affected by ANCA-

associated vasculitis, appears to have a worse
visual prognosis [98], making early diagnosis a
crucial step for its successful management. The
underlying systemic disease may also be con-
sidered as a driving factor in the choice of the
more appropriate biologic for the management
of scleritis. For instance, RTX may be particu-
larly effective in the treatment of scleritis asso-
ciated with systemic vasculitis. A better
understanding of the pathogenesis of ocular
inflammatory diseases and the development of
new molecules have enriched the therapeutic
armamentarium and created more effective
treatment approaches. Anti-TNFa monoclonal
antibodies, IL-1 and IL-6 inhibitors as well as
anti-CD20 RTX were shown to control scleral
inflammation and reduce the overall scleritis
relapses, thus allowing a GC-sparing effect.
Visual acuity is generally preserved and few
adverse reactions have been reported
[7, 8, 10, 11, 79]. Given the lack of robust evi-
dence-based data, with the available literature
reported so far and based on our personal
experience, we suggest that TNFa inhibitors
such as ADA or IFX should be trialed as first-line
biologic agents unless the specific underlying
systemic disease warrants otherwise. Non-re-
sponsive patients and/or those suffering from
RA may benefit from IL-1 inhibitors or RTX.
Other biologic agents including abatacept and
ustekinumab or JAK inhibitors may be useful
additions to the treatment armamentarium for
refractory scleritis.

Another key aspect to consider is the
potential difference between biologic
monotherapy and combination therapy with
cDMARDs. It is indeed still unclear whether
concomitant treatment with cDMARDs may
add clinical benefit and ultimately improve the
overall prognosis of patients with scleritis. In a
retrospective study of 17 patients with non-in-
fectious, non-necrotizing scleritis treated with
TNFa inhibitors, 11 patients were found to fail
previous therapies with cDMARDs and 12 of
them were receiving combination therapy while
five were able to achieve clinical response with
an TNFa inhibitor alone [7]. Sobrin et al.
reported five out of 10 patients with scleritis
treated with IFX being able to reduce or dis-
continue concurrent treatment with cDMARDs
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[22]. Other studies have reported different pro-
portions of patients requiring concomitant
cDMARDs, ranging from 10% [9] to more than
70% [11]. Cao et al. [8] described 13 out of 15
patients with scleritis achieving a scleritis grad-
ing score of 0 at 6 months during treatment
with RTX: six patients using RTX in
monotherapy and seven as combination ther-
apy with another agent. Conversely, Joshi et al.
found RTX to be effective in achieving remis-
sion in patients with GPA, but all of them

required a maintenance treatment with
cDMARDs [55]. Most of the patients receiving
biologic agents or small molecules were previ-
ously treated with cDMARDs. Given the lack of
response to monotherapy with cDMARDs, it
can be safely assumed that the subsequent
treatment with biologic agents was the one
determining the improvement/resolution of
scleritis. However, treatment should be ideally
tailored according to the patient’s profile.
Patients diagnosed with scleritis and an

Fig. 1 Posterior and anterior unilateral (right eye)
refractory scleritis in a patient affected by psoriatic arthritis
undergoing subcutaneous treatment with monoclonal
TNF inhibitor golimumab 50 mg every 28 days. Ocular
ultrasonography (d) shows a circular acoustically hollow
area called the ring sign corresponding to an edematous
Tenon capsule (*), typical signs of an active posterior
scleritis. Optical coherence tomography (OCT) scans show

the presence of a concomitant subfoveal exudative
neuroepithelium detachment (�) in the same eye (a) that
decreased following 2 months of biologic treatment along
with a short course of oral glucocorticoids (b), and totally
disappeared after 4 months of treatment (c). Anterior
segment photograph (e) shows the concomitant active
anterior scleritis inflammation and its resolution after
2 months treatment (f)
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underlying associated systemic immune disease
or those with a particularly active and severe
disease may require an aggressive combination
therapy to avoid long-term ocular and extraoc-
ular complications (Fig. 1). Studies specifically
investigating this crucial endpoint are needed
to fully explore the efficacy of monotherapy
with biologic agents and their ability to
decrease the immunosuppressive load.

Aggressive and early treatment is warranted
to achieve rapid remission, prevent relapses
visual acuity, and ultimately avoid long-term
structural irreversible complications. Manage-
ment of scleritis must take place in a multidis-
ciplinary setting in order to maximize
treatment benefits while minimizing safety
issues. A future goal would be to tailor treat-
ment strategies according to each patient’s
needs and ideally associate patients’ ocular and
systemic profiles with specific cytokine inhibi-
tors. Biologic agents and small molecules rep-
resent a milestone for scleritis treatment but
deserve further investigation in properly
designed and powered studies to provide more
robust evidence in terms of efficacy, optimal
dosage regimen, and hopefully address some of
the unmet needs in such a sight-threatening
condition.
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