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ABSTRACT
Introduction. The mainstay in the 
treatment of the large-vessel vascu-
litides giant cell arteritis (GCA) and 
Takayasu arteritis (TA) are glucocorti-
costeroids (GC) for induction of remis-
sion as well as for its maintenance in 
low doses for 1 to 2 years. However, 
clinical practice includes GC-resist-
ant cases without sufficient response to 
standard GC for induction of remission 
and GC-dependent cases where a dose 
reduction of GC without relapse is im-
possible after successful induction of 
remission. The aim of this study was to 
evaluate the data on treatment options 
in these situations.
Materials and methods. A literature 
search in PubMed matching the terms 
TA and GCA as well as temporal ar-
teritis with all possible immunosup-
pressive and biological agents as well 
as with the terms “treatment, therapy 
and management” was performed. 
Results. Sixty-four publications were 
found. Five case series described large 
cohorts of patients with GCA (n=2) or 
TA (n=3) showing that 40.8 % to 48% 
of GCA patients and 46% to 84% of TA 
patients require additional immuno-
suppressive agents to achieve remis-
sion and taper GC.
Most were on biologic agents (mainly 
infliximab, 24 publications / 123 pa-
tients), followed by methotrexate (MTX) 
(14/113), cyclophosphamide (CYC) 
(9/27), azathioprine (AZA) (8/51), cy-
closporine A (CSA) (6/47), mycopheno-
late mofetil (MMF) (3/32), leflunomide 
(LEF) (2/2), chlorambucil (1/1) and 
antimalarials (1/36). There were also 
2 case reports on autologous stem cell 
transplantation. The distribution of the 
two entities TA and GCA was as fol-
lows: MTX: 98% GCA, 2% TA; IFX: 

26.8% GCA, 73.2% TA; CYC: 70.4% 
GCA, 29.6% TA; AZA: 100% GCA; 
LEF: 100% TA; MMF: 100% TA; anti-
malarials: 100% GCA, autologous stem 
cell transplantation: 100% TA.
A distinction between GC-resistant 
and GC-dependent cases could not be 
made from the data available. How-
ever, 50 (79%) of the publications de-
scribed GC-resistant cases. Whereas 
almost all case reports and retrospec-
tive case series (with the exception of 
CSA) revealed steroid-sparing effects, 
the 3 prospective randomised trials 
and 2 open prospective controlled tri-
als on MTX gave conflicting results. 
However, a recent meta-analysis which 
recalculated the original data resulted 
in superiority of MTX after 24 months, 
there were less relapses and lower GC 
doses in the MTX group. The prospec-
tive controlled IFX trial where IFX was 
randomised against placebo after GC-
induced remission of GCA did not show 
advantages for IFX over GC alone for 
maintenance of remission. The prospec-
tive controlled ETA trial, which com-
prised 17 GCA patients, showed small, 
non-significant advantages but was too 
small to draw definite conclusions.
Conclusion. Although GCA is the com-
monest systemic vasculitis, prospective 
randomised trials on steroid sparing 
agents are rare and mostly included 
only small patient numbers. Inclusion 
and response criteria were heterogene-
ous, and observation periods and fol-
low-up were often short. Criteria for 
GC-resistance or GC-dependence and 
for disease remission have not been 
uniformly defined. There is still an ur-
gent need for prospective randomised 
trials with larger patient groups, long-
er follow-up and well defined inclusion 
criteria and criteria for response and 
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relapse, using standardised disease 
activity scoring systems, in order to be 
able to give evidence-based recommen-
dations for patients not responding to 
GC alone in the future.

Introduction
Primary large-vessel vasculitides by 
definition affect the aorta and its branch-
es and include giant cell arteritis (GCA) 
and Takayasu arteritis (TA). These are 
distinct disorders with different ages of 
onset and ethnic distributions as well as 
HLA associations. However, histopa-
thology is similar: a granulomatous 
vasculitis with giant cells (1). There 
are distinct ACR classification criteria 
for both disorders (2-4). More recently, 
EULAR recommendations for the man-
agement of large-vessel vasculitis have 
been published (5). Early initiation of 
high-dose GC therapy (1 mg/kg body-
weight (bw/day) for induction of re-
mission is recommended. The experts 
also recommend that an immunosup-
pressive agent should be considered as 
adjunctive therapy. In the more detailed 
description, it is stated that methotrex-
ate may be used in GCA, azathioprine 
(AZA) in TA, and also cyclophospha-
mide may be effective in glucocorti-
costeroid (GC) resistant TA. Infliximab 
(IFX) is said not to be effective as far 
as relapse rate is concerned and hence 
is not recommended. The authors rec-
ommend the use of low-dose aspirin in 
all patients with GCA because of an in-
creased risk of cardiovascular and cer-
ebrovascular events. 
Obviously, as some of the articles (pp. 
S70, S130) in this issue of Clin Exp 
Rheumatol show, when treated exclu-
sively with GC, a considerable number 
of patients do not achieve remission 
of disease activity – which would be 
called GC-resistance – or GC cannot 
be reduced below 7.5 mg prednisolone 
equivalent in a justifiable amount of 
time without relapse. The latter would 
be called GC-dependence. Higher dos-
es of GC (more than 10 mg prednisolo-
ne equivalent) over a longer period of 
time (more than 6 months) are associ-
ated with a high risk of adverse effects, 
which have been well documented in 
patients with GCA/TA. Up to 86% of 
GCA patients have been affected by 

GC-related side effects (6-8). Long-term 
GC use appears to be associated with an 
increased risk of severe and opportunis-
tic infections (6), and an increased mor-
tality rate within the first months of ini-
tial high dose GC treatment as well as 
with daily maintenance doses over 10 
mg prednisolone equivalent has been 
described (6, 9-11). Furthermore, there 
appears to be a subclinical disease ac-
tivity with an incidence of large artery 
stenosis and aortic aneurysms or dissec-
tions of about 25% during follow-up, 
and active aortitis was demonstrated in 
the majority of cases of fatal aortic dis-
section (12-16).
Hence, steroid-sparing treatment and 
agents with potent remission-inducing 
capabilities may be needed. 

Methods
We conducted a literature search by 
PubMed with the key words “giant cell 
arteritis”, “Takayasu arteritis”, “large- 
vessel vasculitis”, “temporal arteritis”, 
each connected with each of the follow-
ing: “treatment”, “management”, “ther-
apy”, “methotrexate”, “azathioprine”, 
“cyclosporine A”, “leflunomide”, “myc-
ophenolate”, “mycophenolic acid”, “cy-
clophosphamide”, “anti-TNF”, “inf-
liximab”, “etanercept”, “adalimumab”, 
“golimumab”, “certolizumab”, “tozili-
zumab”, “rituximab”, “abatacept”.
The articles found were read thor-
oughly, classified by type (prospective 
trial, randomised, non-randomised, 
controlled, uncontrolled, case series, 
case reports) and disease (GCA or TA), 
and evaluated for dosages used and 
responses achieved, as well as for pre-
vious treatments the patients had been 
resistant to.

Results
Sixty-four articles were found (Table I), 
14 for MTX (1-98 patients), including 
5 randomised trials and 2 prospective 
open-label studies (17-30), 8 for AZA 
(1-10 patients), including one prospec-
tive placebo-controlled trial and one 
prospective trial prematurely stopped 
due to suspected adverse events (AE) 
and inefficacy (24, 31-39), 6 publica-
tions for cyclosporine A (CSA) (1 to 
60 patients, including one prospective 
randomised open trial) (40-45), 2 case 

reports for leflunomide (LEF) (46, 47), 
3 case series for mycophenolate mofetil 
(MMF) (3 to 21 patients) (48-50), 9 for 
cyclophosphamide (CYC) (1 to 10 pa-
tients) (51-59). One single publication 
was a retrospective case series on anti-
malarials (hydroxychloroquine, HCQ) 
as primary steroid-sparing agent, which 
did not add efficacy (60), overall recov-
ery rate was 58%. Thirty-five articles 
with 1 to 44 patients described the ef-
ficacy of biologic agents, among these 
none was found for the newer TNF 
antagonists golimumab and certolizu-
mab and for abatacept. There were 24 
publications for infliximab including 
1 to 44 patients, including 2 prospec-
tive multicentre trials (61-84). Some 
of the case series described a switch 
to etanercept (ETA) or adalimumab 
(ADA), mostly for convenience rea-
sons and not because of inefficacy (65, 
70). 3 publications (85, 86) including 
one prospective trial focused on ETA 
(17 patients, prospective, double-blind 
placebo-controlled single centre study) 
(87), 2 on ADA (case reports) (88, 89), 
5 on tocilizumab (TCZ) (1 to 7 patients) 
(90-94), 3 on rituximab (RTX) (1 to 3 
patients) (95-97). In addition, the key-
words “management, treatment and 
therapy” revealed additional literature 
on the use of chlorambucil (one case 
report) (98), antimalarials (60), and au-
tologous stem cell transplantation (two 
cases, one single case of treatment re-
sistant TA described in a case series on 
vasculitis and in a registry-based anal-
ysis) (99-101).
Most of the case series and case reports, 
especially when biological agents were 
used, were conducted in patients with 
TA, whereas the prospective trials al-
most exclusively included patients 
with GCA. 
Most of the case reports and case se-
ries described positive outcomes of the 
respective rescue/steroid sparing treat-
ment. There were a few exceptions pro-
viding negative results or describing the 
development of newly onset GCA or TA 
under immunosuppressive treatment for 
comorbidities such as Crohn’s disease 
(77). In detail, two publications report 
inefficacy of CYC in 2 patients with 
TA (51, 56), in the second case report 
by Simon et al., the patient later died 



S-116

REVIEW Treatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

Ta
bl

e 
I. 

Li
te

ra
tu

re
 o

ve
rv

ie
w.

 
 

 
 

 
 

 
 

 
 

M
ed

ic
at

io
n 

Ty
pe

 o
f 

Ty
pe

 o
f s

tu
dy

 
N

um
be

r o
f p

at
ie

nt
s 

Pr
ev

io
us

 tr
ea

tm
en

ts
 

D
os

ag
e 

O
bs

er
va

tio
n 

pe
rio

d 
R

es
po

ns
e 

Ye
ar

 
A

ut
ho

rs
 

 
la

rg
e-

ve
ss

el
 

 
va

sc
ul

iti
s 

A
) N

on
-b

io
lo

gi
c 

 
 

 
 

 
 

 
 

M
et

ho
tre

xa
te

 
PM

R
/G

C
A

 
C

as
e 

se
rie

s 
3,

 2
 w

ith
 G

C
A

 
PR

ED
 re

si
st

an
t, 

do
se

 re
du

ct
io

n 
7,

5-
12

,5
 m

g/
w

ee
k 

or
al

ly
 

N
ot

 g
iv

en
 

R
em

is
si

on
, G

C
 re

du
ce

d,
 st

er
io

id
 

19
89

 
K

ra
ll 

PL
. M

az
an

ec
 D

J, 
W

ilk
e 

W
S:

 
 

 
 

 
im

po
ss

ib
le

 
  

 
sp

ar
in

g 
  

m
et

ho
tre

xa
te

 fo
r c

or
tic

os
te

ro
id

-
 

 
 

 
 

 
 

 
 

re
si

st
an

t P
M

R
 a

nd
 G

C
A

, 
 

 
 

 
 

 
 

 
 

C
le

ve
la

nd
 C

lin
 J

 M
ed

 1
98

9;
56

:
 

 
 

 
 

 
 

 
 

25
3-

7 
(1

7)
 

G
C

A
 

Pr
os

pe
ct

iv
e 

op
en

 
11

 
N

on
e,

 n
ew

ly
 d

ia
gn

os
ed

 
10

 m
g/

w
ee

k 
or

al
ly

 
22

-3
7 

m
on

th
s 

10
 p

at
ie

nt
s d

is
co

nt
in

ue
d.

 G
C

 M
TX

 
19

94
 

H
er

na
nd

ez
-G

ar
ci

a 
C

 e
t a

l.,
 S

ca
nd

 J 
 

 
 

 
 

 
 

sa
fe

 a
nd

 st
er

oi
d 

sp
ar

in
g 

  
R

he
um

at
ol

 1
99

4,
 2

3:
29

5-
8 

(1
8)

 
G

C
A

 (A
T)

 
C

as
e 

re
po

rts
 

3 
,1

 M
TX

, 1
 

Pr
ed

ni
so

lo
ne

 
7.

5 
m

g/
w

ee
k 

or
al

ly
 

N
ot

 g
iv

en
 

Pa
tie

nt
 d

ie
d 

du
e 

to
 se

pt
ic

em
ia

 
19

94
 

N
es

he
r a

nd
 S

on
ne

nb
lic

k 
C

lin
 

 
 

 
 

D
ap

so
ne

, 1
 A

ZA
 

  
 

 
 

R
he

um
at

ol
 1

99
4;

 1
3:

28
9-

92
 (1

9)
 

G
C

A
 

Pr
os

pe
ct

iv
e 

op
en

 
3 

PM
R

 w
ith

 G
C

A
, 

Pr
ed

ni
so

lo
ne

, i
na

de
qu

at
el

y 
7.

5 
m

g/
w

ee
k 

or
al

ly
 

9 
m

on
th

s 
N

o 
st

er
oi

d 
sp

ar
in

g 
ef

fe
ct

 in
 P

M
R

 
19

96
 

Fe
in

be
rg

 H
L 

et
 a

l.,
 J 

R
he

um
at

ol
 

 
(a

nd
 P

M
R

) 
  

40
 P

M
R

 a
lo

ne
 

co
nt

ro
lle

d 
  

 
al

on
e.

 In
 G

C
A

. M
ay

 b
e 

pr
om

is
in

g 
 

19
96

; 2
3:

15
50

-5
2(

20
) 

 
 

 
 

 
 

 
in

 G
C

A
/P

M
R

 
 

G
C

A
 

R
an

do
m

is
ed

 
6 

PM
R

 w
ith

 G
C

A
, 

A
ct

iv
e 

un
tre

at
ed

 (M
TX

 a
s fi

rs
t 

7.
5 

m
g/

w
ee

k 
or

al
ly

 
21

  w
ee

ks
 

PR
ED

 re
du

ce
d 

by
 5

0,
 m

ed
ia

n 
19

96
 

Va
n 

de
r V

ee
n 

M
J e

t a
l.,

 A
nn

 R
he

um
 

 
(a

nd
 P

M
R

) 
do

ub
le

-b
lin

d 
34

 P
M

R
 a

lo
ne

, 
tre

at
m

en
t i

n 
co

m
bi

na
tio

n 
w

ith
 

 
 

du
ra

tio
n 

 p
re

d 
47

.5
 w

ee
ks

. N
o 

st
er

oi
d 

 
D

is
 1

99
6;

 5
5:

21
8-

22
3 

(2
1)

 
 

 
PB

O
 c

on
tro

lle
d 

 
PR

ED
 2

0m
g/

da
y)

 
  

 
sp

ar
in

g 
ef

fe
ct

 c
om

pa
re

d 
to

 P
B

O
 

 
 

 
TA

 
C

as
e 

re
po

rt 
1 

ch
ild

 w
ith

 T
A

 
2m

g/
kg

 P
R

ED
, i

ne
ffe

ct
iv

e,
 c

om
b.

 
10

  m
g/

m
2  /

w
ee

k 
or

al
ly

 
12

 m
on

th
s 

PR
ED

 su
cc

es
sf

ul
ly

 ta
pe

re
d,

 n
o 

A
E 

19
98

 
Sh

et
ty

 e
t a

l.,
 C

lin
 E

xp
 R

he
um

at
ol

  
 

 
 

(4
 y

s)
 

M
TX

  
 

 
 

 
19

98
; 1

6:
33

5-
33

6 
(2

2)
 

G
C

A
 

Pr
os

pe
ct

iv
e,

 
22

 p
at

ie
nt

s w
ith

 
N

ew
ly

 d
ia

gn
os

ed
 w

ith
 se

ve
re

 
10

 m
g/

w
ee

k 
or

al
ly

 a
fte

r 
12

 m
on

th
s 

H
ig

h/
M

eg
ad

os
e 

G
C

 c
an

 b
e 

gi
ve

n 
to

 
19

99
 

K
up

er
sm

ith
 e

t a
l.,

 B
r J

 O
ph

th
al

m
ol

  
 

 
ra

nd
om

is
ed

, P
B

O
 

oc
ul

ar
 

oc
ul

ar
 m

an
ife

st
at

io
ns

 
4–

6 
w

ee
ks

 o
f P

R
ED

 
 

el
de

rly
 p

at
. W

ith
ou

t i
nc

re
as

in
g 

 
19

99
;8

3:
79

6-
80

1 
(2

3)
 

 
 

co
nt

ro
lle

d 
tri

al
 

m
an

ife
st

at
io

ns
 

PR
ED

/P
B

O
 a

ga
in

st
 P

R
ED

/M
TX

 
m

on
ot

he
ra

py
 (r

an
do

m
is

ed
). 

co
m

pl
ic

at
io

ns
, m

ay
 im

pr
ov

e 
fin

al
 V

A
. 

 
 

 
 

 
PR

ED
 d

os
e 

di
ve

rs
e 

 
M

TX
 n

ot
 st

er
oi

d 
sp

ar
in

g 
in

 th
is

 se
tti

ng
 

 
 

 
 

 
30

-1
00

0 
m

g 
af

te
r c

lin
ic

al
 

 
 

 
 

 
ju

dg
em

en
t 

  
  

 
G

C
A

 
Pr

os
pe

ct
iv

e,
 

21
 

N
ew

ly
 d

ia
gn

os
ed

, a
ct

iv
e.

 
7.

5 
m

g 
/w

ee
k 

or
al

ly
., 

in
 

12
 m

on
th

s 
N

o 
st

er
oi

d 
sp

ar
in

g 
ef

fe
ct

 o
f M

TX
, 

20
01

 
Sp

ie
ra

 e
t a

l.,
 C

lin
 E

xp
 R

he
um

at
ol

 
 

 
do

ub
le

-b
lin

d,
 

 
A

ll 
40

–1
00

0 
m

g 
PR

ED
 in

iti
al

ly
 

ca
se

 o
f fl

ar
e 

du
rin

g 
pr

ed
 

 
no

 d
iff

er
en

ce
 in

 A
E 

 
20

01
;1

9:
49

5-
50

1 
(2

6)
 

 
 

PB
O

 c
on

tro
lle

d 
 

 
re

du
ct

io
n 

in
cr

ea
se

 to
 u

p 
 

 
(s

in
gl

e 
ce

nt
re

) 
  

 
to

 2
0m

g/
w

ee
k 

  
 

 
G

C
A

 
R

an
do

m
is

ed
, 

42
 

N
ew

ly
-o

ns
et

 a
ct

iv
e.

 A
ll 

tre
at

ed
 

10
m

g/
w

ee
k 

or
al

ly
 

24
 m

on
th

s 
R

ed
uc

tio
n 

of
 n

o 
of

 re
la

ps
es

 in
 M

TX
 

20
01

 
Jo

ve
r e

t a
l.,

 A
nn

 
 

 
do

ub
le

-b
lin

d,
 

 
w

ith
 P

R
ED

 6
0 

m
g/

da
y 

p.
o.

 in
iti

al
ly

   
 

gr
ou

p.
 S

ig
in

ifi
ca

nt
ly

 le
ss

 c
um

ul
at

iv
e 

 
In

te
rn

 M
ed

 2
00

1;
 

 
 

PB
O

-c
on

tro
lle

d,
 

 
 

 
 

G
C

 in
 M

TX
 g

ro
up

. N
o 

di
ffe

re
nc

e 
in

 
 

13
4:

10
6-

11
4 

(2
7)

 
 

 
tw

o 
ce

nt
re

s 
  

 
  

 
A

E 
 

 
G

C
A

 
M

ul
tic

en
tre

 
98

  
A

ct
iv

e 
un

tre
at

ed
. A

dd
. P

R
ED

 
15

m
g/

w
ee

k 
p.

o.
 

12
 m

on
th

s 
N

o 
re

du
ct

io
n 

of
 ri

sk
 o

f t
re

at
m

en
t 

20
02

 
H

of
fm

an
 e

t a
l.,

 A
rth

r R
he

um
 2

00
2;

 
 

 
ra

nd
om

is
ed

, 
 

1m
g/

kg
/d

ay
 in

 b
ot

h 
gr

ou
ps

 
 

 
fa

ilu
re

 b
y 

M
TX

, n
o 

di
ffe

re
nc

es
 fo

r 
 

46
:1

30
9-

13
18

 (2
5)

 
 

 
do

ub
le

-b
lin

d,
 

 
 

 
 

re
m

is
si

on
s, 

m
or

bi
di

ty
, c

um
ul

at
iv

e 
 

 
PB

O
-c

on
tro

lle
d 

  
 

  
 

PR
ED

 d
os

e,
 to

xi
ci

ty
. L

es
s P

M
R

 
 

 
 

 
 

 
 

re
la

ps
es

 in
 M

TX
 g

ro
up

 
 

 
TA

 
C

as
e 

re
po

rt 
1 

ch
ild

 6
 y

s T
A

 
PR

ED
 o

nl
y 

pa
rti

al
ly

 e
ffe

ct
iv

e 
10

 m
g/

m
2 /w

ee
k 

p.
o.

 
N

ot
 g

iv
en

 
St

er
oi

d 
sp

ar
in

g 
an

d 
re

m
is

si
on

 
20

01
 

B
es

so
n-

Lé
au

d 
et

 a
l.,

 A
rc

hi
ve

s d
e 

 
 

 
 

 
 

 
in

du
ci

ng
 e

ffe
ct

 
  

Pe
di

at
rie

 2
00

1;
 8

:7
24

-7
27

2 
(2

4)
 

G
C

A
 (A

T)
 

C
as

e 
re

po
rt 

1 
O

cu
la

r/c
ra

ni
al

 a
rte

rit
is

, s
ev

er
e,

 
10

 m
g/

w
ee

k 
12

 m
on

th
s 

R
em

iss
io

n 
20

06
 

Za
ch

ar
ia

de
s e

t a
l.,

 O
ra

l S
ur

g 
O

ra
l 

 
 

 
 

PR
ED

 d
ep

en
de

nt
 

  
 

 
 

M
ed

 O
ra

l P
at

ho
l o

ra
l R

ad
io

l 
 

 
 

 
 

 
 

 
 

En
do

do
d 

20
06

; 1
02

:1
92

-1
97

  (
30

)
 

G
C

A
 

C
as

e 
re

po
rts

 
2 

pa
tie

nt
s u

nd
er

 
G

C
A

 o
cc

ur
re

d 
un

de
r M

TX
 fo

r R
A

 
12

.5
 m

g/
w

ee
k 

or
al

ly
 

N
ot

 g
iv

en
 

O
cc

ur
re

nc
e 

of
 G

C
A

 u
nd

er
 M

TX
 

20
06

 
R

im
ar

 e
t a

l. 
J R

he
um

at
ol

 2
00

6;
 

 
 

 
M

TX
 fo

r R
A

 
  

 
 

fo
r R

A
 

  
33

:1
45

8-
14

59
 (2

9)
 

G
C

A
 

C
as

e 
se

rie
s 

5 
PM

R
/G

C
A

 o
ve

rla
p 

G
C

 re
si

st
an

t (
D

ef
.: 

no
 re

du
ct

io
n 

10
–1

5 
m

g/
w

ee
k 

or
al

ly
 

10
,7

 m
on

th
s 

Ef
fe

ct
 c

on
tro

lle
d 

by
 F

D
G

-P
ET

. 
20

10
 

C
am

el
lin

o 
et

 a
l. 

 
 

 
 

be
lo

w
 7

.5
 m

g 
PR

ED
 p

os
si

bl
e)

  
  

(m
ed

ia
n)

 
In

fla
m

m
at

io
n 

co
nt

ro
lle

d 
in

 a
ll 

by
 a

dd
. 

 
C

lin
 E

xp
 R

he
um

at
ol

 2
01

0;
 2

8:
 

 
 

 
 

 
 

 o
f M

TX
 

 
28

8-
28

9 
(2

8)

A
za

th
io

pr
in

e 
G

C
A

 (A
T)

 
C

as
e 

re
po

rt 
am

on
g 

1 
Pr

im
ar

y 
tre

at
m

en
t i

n 
co

m
bi

na
tio

n 
20

0 
m

g/
da

y,
 P

R
ED

 1
 

N
ot

 g
iv

en
 

Ef
fe

ct
iv

e 
19

69
 

M
oe

sc
hl

in
 S

. S
ch

w
ei

z 
M

ed
 W

sc
hr

 
 

 
ot

he
rs

 w
ith

 
 

w
ith

 G
C

 
m

g/
kg

 
 

 
 

19
69

; 9
9:

16
32

 (3
1)

 
 

 
ne

ur
ol

og
ic

al
 

 
 

m
an

ife
st

at
io

ns
 

  
 

  
 

 
G

C
A

 (A
T)

 
C

as
e 

se
rie

s 
2 

To
ng

ue
 n

ec
ro

si
s, 

oc
ul

ar
 

10
0 

m
g/

da
y,

 P
R

ED
 1

 
N

ot
 g

iv
en

 
Ef

fe
ct

iv
e,

 re
m

iss
io

n 
19

72
 

R
eu

th
er

 e
t a

l.,
 N

er
ve

na
rz

t 
 

 
 

 
m

an
ife

st
at

io
n 

an
d 

sc
al

p 
ne

cr
os

is
 

 m
g/

kg
 

  
 

 
19

72
;4

3:
25

7 
(3

2)
 

G
C

A
 (A

T)
 

C
as

e 
se

rie
s 

15
, 6

  t
re

at
ed

 w
ith

 
R

ea
so

n 
fo

r A
ZA

: “
co

m
pl

ic
at

io
ns

” 
10

0 
m

g/
da

y 
or

al
ly

 
N

ot
 g

iv
en

 
PR

ED
 re

du
ct

io
n 

po
ss

ib
le

 a
fte

r 
19

72
 

W
ag

ne
r e

t a
l.,

 M
ed

. W
el

t 1
97

2;
 

 
 

 
A

ZA
 

un
de

r P
R

ED
 

  
 

ad
di

tio
n 

of
 A

ZA
 

  
23

:6
41

 (3
9)



S-117

REVIEWTreatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.
 

G
C

A
 (A

T)
 

C
as

e 
se

rie
s 

2 
80

 m
g 

flu
or

oc
or

to
lo

ne
, i

ne
ffe

ct
iv

e 
15

0 
m

g/
da

y 
6–

12
 m

on
th

s 
A

ZA
 st

er
oi

d-
sp

ar
in

g 
19

75
 

W
en

ig
 u

nd
 M

ei
se

r, 
N

er
ve

na
rz

t 
 

 
 

 
in

 1
, A

E 
in

 1
 

 
 

 
 

19
75

; 4
6:

45
3-

45
7 

(3
3)

 
G

C
A

 (A
T)

 
C

as
e 

se
rie

s, 
10

, 5
 w

ith
  

N
ew

ly
 d

ia
gn

os
ed

, a
ll 

re
ce

iv
ed

 
15

0m
g/

da
y 

or
al

ly
 

6 
m

on
th

s 
R

el
ap

se
s i

n 
9 

af
te

r d
is

co
nt

in
ua

tio
n 

19
77

 
Lo

ev
sc

ha
ll 

et
 a

l, 
U

ge
sk

r L
ae

g.
 

 
re

tro
sp

ec
tiv

e 
 b

io
ps

y-
pr

ov
en

 A
T 

 
PR

ED
 4

0m
g/

da
y 

 
 

of
 P

R
ED

. A
ZA

 n
ot

 st
er

oi
d 

sp
ar

in
g 

 
19

77
;1

39
:2

61
8-

26
20

 (3
4)

 
 

 
in

 a
dd

iti
on

 to
 P

M
R

 
  

  
 

 
 

 
G

C
A

 
Pr

os
pe

ct
iv

e,
 

31
, n

ot
 d

iff
er

en
tia

te
d 

U
nd

er
 5

 m
g 

PR
ED

 o
r m

or
e,

 
1.

5–
2.

7 
m

g/
kg

 o
ra

lly
./d

ay
 5

2 
w

ee
ks

 
PR

ED
 re

du
ct

io
n 

m
or

e 
pr

om
in

en
t i

n 
19

86
 

D
e 

Si
lv

a 
et

 a
l.,

 A
nn

 R
he

um
 D

is 
 

 
do

ub
le

-b
lin

d,
 

be
tw

ee
n 

G
C

A
/P

M
R

 
co

nt
ro

lli
ng

 sy
m

pt
om

s, 
st

ab
le

 fo
r 

 
 

A
ZA

 g
ro

up
, s

ig
ni

fic
an

t a
t w

ee
k 

52
 

 
19

86
; 4

5:
13

6-
13

8 
(3

5)
  

 
PB

O
-c

on
tro

lle
d,

 
or

 o
ve

rla
p 

at
 le

as
t 3

 m
on

th
s  

 
 

si
ng

le
 c

en
tre

 
   

   
  

 
 

  
 

G
C

A
 (A

T)
 

Pr
os

pe
ct

iv
e,

 
12

 
2/

7 
ja

un
di

ce
 u

nd
er

 A
ZA

, 
10

0–
15

0 
m

g/
da

y 
Pl

an
ne

d:
 

St
op

pe
d 

pr
em

at
ur

el
y 

du
e 

to
 A

E 
an

d 
19

95
 

G
on

za
le

z-
G

ay
 e

t a
l.,

 1
99

5;
 R

ev
 

 
 

ra
nd

om
is

ed
 P

R
ED

 
 

in
ef

fe
ct

iv
e 

in
 3

/5
of

 th
e 

fo
llo

w
in

g 
 

12
–1

8 
m

on
th

s 
in

ef
fic

ac
y 

of
 A

ZA
 

 
R

he
um

 E
d 

Fr
an

ca
is

e 
62

:5
68

 (3
6)

 
 

 
al

on
e 

vs
. A

ZA
 p

lu
s 

 
pa

tie
nt

s –
 p

at
ie

nt
 n

um
be

r n
ot

 
 

 
PR

ED
, s

in
gl

e 
ce

nt
re

.  
pr

ec
is

el
y 

pr
ov

id
ed

, b
rie

f l
et

te
r  

 
 

Pr
em

at
ur

el
y 

st
op

pe
d 

 
 

du
e 

to
 A

E 
an

d 
 

 
in

ef
fic

ac
y 

of
 A

ZA
 

  
   

 
  

 
  

 
 

G
C

A
  

C
as

e 
re

po
rt 

G
en

tia
l t

ra
ct

, A
T 

Pr
im

ar
ily

 P
R

ED
 p

lu
s A

ZA
  

10
0 

m
g 

5 
m

on
th

s 
R

em
is

si
on

, P
R

ED
 ta

pe
re

d 
19

96
 

In
an

c 
et

 a
l.,

 J 
R

he
um

at
ol

 1
99

6;
  

 
 

 
 

 
 

 
 

 
23

:3
93

-3
95

 (3
7)

 
G

C
A

 (T
A

) 
C

as
e 

re
po

rt 
1,

 u
lc

er
at

iv
e 

ke
ra

tit
is

 P
R

ED
 re

si
st

an
ce

 (6
0 

m
g)

 
10

0 
m

g,
 in

 p
ar

al
le

l P
re

d 
3 

m
on

th
s 

Im
pr

ov
em

en
t, 

G
C

 w
ea

ne
d 

20
09

 
Pa

pa
th

an
as

si
ou

 e
t a

l.,
 E

ur
 J  

 
 

 
 

 
au

gm
en

te
d 

to
 3

x1
 g

 iv
. 

  
 

 
O

ph
th

al
m

ol
 2

00
9;

 1
9:

86
6-

86
9 

(3
8)

A
nt

im
al

ar
ia

ls
 

G
C

A
 

R
et

ro
sp

ec
tiv

e 
36

 
18

 p
rim

ar
y 

ad
d.

 G
C

, 1
5 

se
co

nd
ar

y 
H

CQ
 4

00
 m

g/
da

y 
5 

ys
 (m

ea
n)

 
R

ec
ov

er
y 

ra
te

 5
8%

 
19

94
 

Le
 G

ue
nn

ec
 e

t a
l.,

 R
ev

 R
he

um
 E

D
 

 
 

ca
se

 se
rie

s 
  

af
te

r u
na

bi
lit

y 
to

 re
du

ce
 G

C
 

 
 

 
 

Fr
 1

99
4,

 6
1.

48
5-

49
0 

(6
0)

 
 

 
 

 
(d

ep
en

de
nc

e)
 

 
C

yc
lo

sp
or

in
e A

 
G

C
A

, T
A

 
C

as
e 

re
po

rts
 

2 
(1

 G
C

A
, 1

 T
A

) 
R

es
is

ta
nt

 to
 P

R
ED

 1
00

 m
g/

da
y 

10
0 

ng
/m

l s
er

um
 le

ve
l 

N
ot

 g
iv

en
 

PR
ED

 re
du

ct
io

n 
po

ss
ib

le
, r

em
is

si
on

 
19

85
 

W
en

dl
in

g 
et

 a
l.,

 A
rth

r R
he

um
 1

98
5;

  
 

 
 

 
 

 
 

 
 

28
:1

07
8-

10
79

 (4
0)

 
TA

 
C

as
e 

re
po

rt 
1 

 
R

es
is

ta
nt

 to
 P

R
ED

 1
00

 m
g/

da
y 

13
0 

ng
/m

l s
er

um
 le

ve
l 

N
ot

 g
iv

en
 

PR
ED

 re
du

ct
io

n 
po

ss
ib

le
, r

em
is

si
on

 
19

92
 

Pè
re

z 
G

ar
ci

a 
et

 a
l.,

 R
ev

is
ta

 C
lin

ic
a  

 
 

 
 

 
 

 
 

 
Es

pa
no

la
 1

99
2;

 1
90

:4
70

-4
71

 (4
1)

 
G

C
A

 
R

an
do

m
is

ed
, 

22
 

G
C

A
 w

ith
 im

po
ss

ib
ili

ty
 o

f 
2m

g/
kg

 b
w

 
6 

m
on

th
s 

N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 
19

98
 

Sc
ha

uf
el

be
rg

er
 e

t a
l.,

 B
r J

 
 

 
co

nt
ro

lle
d 

si
ng

le
 

 
ta

pe
rin

g 
PR

ED
  

 
 

 
 

R
he

um
at

ol
 1

99
8;

 3
7:

46
4-

46
5 

(4
2)

 
 

 
ce

nt
re

 
  

 
 

 
TA

 
C

as
e 

re
po

rt 
1 

ch
ild

 1
3 

ys
 

A
ct

iv
e 

di
se

as
e 

in
 sp

ite
 o

f 0
,5

 
70

–1
00

 n
g/

m
l s

er
um

 
4 

ys
 

R
em

is
si

on
, r

ed
uc

tio
n 

of
 P

R
ED

 
19

99
 

H
or

ig
om

e 
et

 a
l.,

M
JA

 1
99

9;
17

0:
 

 
 

 
 

m
g/

kg
 P

R
ED

 
le

ve
l 

  
po

ss
ib

le
, n

o 
A

E 
 

56
6 

(4
3)

 
G

C
A

 
Pr

os
pe

ct
iv

e 
60

 
N

ew
ly

 d
ia

gn
os

ed
, p

re
vi

ou
sl

y 
2.

18
m

g/
kg

 (m
ea

n)
 

12
 m

on
th

s 
N

o 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

2 
gr

ou
ps

, 
20

06
 

Sc
ha

uf
el

be
rg

er
 e

t a
l, 

Sc
an

d 
J 

 
 

ra
nd

om
is

ed
 o

pe
n 

 
un

tre
at

ed
 

 
 

hi
gh

er
 ra

te
 o

f A
E 

in
 C

SA
 g

ro
up

 
 

R
he

um
at

ol
 2

00
6;

 3
5:

 3
27

-3
29

 (4
4)

 
 

 
m

ul
tic

en
tre

 tr
ia

l. 
 

 
C

on
tro

l: 
PR

ED
 

 
 

al
on

e 
  

 
  

 
 

 
 

G
C

A
 (A

T)
 

C
as

e 
re

po
rt 

1 
N

ew
ly

 d
ia

gn
os

ed
, s

ev
er

e 
10

0m
g 

3 
m

on
th

s 
R

em
is

si
on

 
20

07
 

Sc
hu

lz
 M

aa
hs

 e
t a

l.,
 B

ra
z 

J 
 

 
 

 
(to

ng
ue

 n
ec

ro
si

s)
 

  
 

 
 

O
to

rh
in

ol
ar

yn
go

l 2
00

7;
73

:7
17

 (4
5)

Le
flu

no
m

id
e  

TA
 

C
as

e 
re

po
rt 

1 
R

es
is

ta
nt

 to
 P

R
ED

 a
nd

 M
TX

 
20

 m
g/

da
y 

6 
m

on
th

s 
R

em
is

si
on

, P
R

ED
 ta

pe
re

d,
 sl

ow
 

20
01

 
H

ab
er

ha
ue

r e
t a

l.,
 C

lin
 E

xp
 

 
 

 
 

 
 

 
re

sp
on

se
 

  
R

he
um

at
ol

 2
00

1;
 1

9:
47

7-
47

8 
(4

6)

 
TA

 
C

as
e 

re
po

rt 
1 

PR
ED

 re
si

st
an

t, 
re

si
st

an
t t

o 
C

Y
C

, 
20

 m
g/

da
y 

N
ot

 g
iv

en
 

R
em

is
si

on
 a

nd
 d

el
iv

er
y 

of
 a

 h
ea

lth
y 

20
08

 
K

ra
em

er
 e

t a
l.,

 H
yp

er
te

ns
io

n 
in

  
 

 
 

 
C

SA
, M

M
F,

 M
TX

, I
FX

. R
em

is
si

on
  

 
ba

by
 in

 sp
ite

 o
f L

EF
 

 
Pr

eg
na

nc
y 

20
08

, 2
7:

24
7-

25
2 

(4
7)

  
 

 
 

 
un

de
r a

da
lim

um
ab

 a
nd

 L
EF

 
  

 
 

M
yc

op
he

no
lic

 a
ci

d/
 T

A
 

C
as

e 
se

rie
s, 

3 
D

ep
en

de
nt

 o
n 

hi
gh

 d
os

es
 o

f P
R

ED
, M

M
F 

20
00

m
g/

da
y 

11
–1

5 
m

on
th

s 
R

em
is

si
on

 a
nd

 re
du

ct
io

n 
of

 P
R

ED
 in

 
19

99
 

D
ai

na
 e

t a
l.,

 A
nn

 In
te

rn
 M

ed
 1

99
9;

M
yc

op
he

no
la

te
 

 
re

tro
sp

ec
tiv

e 
 

2 
pr

e-
tre

at
ed

 w
ith

 C
Y

C
, C

SA
, 

 
 

al
l 

 
13

0:
42

2-
42

6(
48

)  
M

of
et

il 
 

 
 

M
TX

 
   

 
 

 
 

TA
 

C
as

e 
se

rie
s, 

13
, 1

0 
ev

al
ua

te
d 

Pe
rs

is
te

nt
 d

is
ea

se
 a

ct
iv

ity
 d

es
pi

te
 

M
M

F 
20

00
 m

g/
da

y 
23

.3
 m

on
th

s 
Si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 P
R

ED
 d

os
e 

an
d 

 2
00

7 
Sh

in
jo

 e
t a

l.,
 C

lin
 R

he
um

at
ol

 
 

 
re

tro
sp

ec
tiv

e 
  

PR
ED

 a
nd

 /o
r o

th
er

 im
m

un
os

up
- 

 
(m

ea
n)

 
re

du
ct

io
n 

of
 d

is
ea

se
 a

ct
iv

ity
 in

 a
ll 

 
20

07
;2

6:
18

71
-1

87
5 

(4
9)

 
 

 
 

pr
es

si
ve

 d
ru

g 
or

 re
ac

tiv
at

io
n 

un
de

r 
 

 
 

 
PR

ED
 re

du
ct

io
n 

or
 u

na
cc

ep
ta

bl
e 

 
 

 
 

PR
ED

 A
E.

 5
0%

 p
re

-tr
ea

te
d 

w
ith

 
 

 
 

 
ot

he
r i

m
m

un
os

up
pr

es
si

ve
s 

  
 

  
 

TA
 

C
as

e 
se

rie
s, 

21
 

55
%

 M
M

F 
as

 in
iti

al
 tr

ea
tm

en
t, 

M
M

F 
do

sa
ge

 n
ot

 g
iv

en
 

9.
6 

m
on

th
s 

Si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 d

is
ea

se
 a

ct
iv

ity
 

20
10

 
G

oe
l e

t a
l.,

 C
lin

 R
he

um
at

ol
 2

01
0;

  
 

 
re

tro
sp

ec
tiv

e 
  

re
st

 h
ad

 A
ZA

 b
ef

or
e.

  
   

(m
ea

n)
 

as
 m

ea
su

re
d 

by
 IT

A
S 

(I
nd

ia
n 

 
29

:3
29

-3
32

 (5
0)

 
 

 
 

 
 

 
 

Ta
ka

ya
su

 A
rte

rit
is

 a
ct

iv
ity

 sc
or

e)
, 

 
 

 
 

 
 

 
on

ly
 2

 M
M

F 
A

E.
 S

ig
ni

fic
an

t d
ec

re
as

e 
 

 
 

 
 

 
 

in
 st

er
oi

d 
do

sa
ge

 
C

yc
lo

ph
os

ph
am

id
e  

TA
 

C
as

e 
re

po
rt 

1 
PR

ED
 in

ef
fe

ct
iv

e 
1 

m
g/

kg
/d

ay
 o

ra
lly

 
4 

m
on

th
s 

In
ef

fe
ct

iv
e 

19
85

 
Ji

m
en

ez
-A

lo
ns

o 
et

 a
l.,

 D
ru

g 
 

 
 

 
 

 
 

 
 

In
te

lli
ge

nc
e 

an
d 

C
lin

 P
ha

rm
ac

y 
 

 
 

 
 

 
 

 
 

 
19

85
; 1

9:
47

7 
(5

1)

M
ed

ic
at

io
n 

Ty
pe

 o
f 

Ty
pe

 o
f s

tu
dy

 
N

um
be

r o
f p

at
ie

nt
s 

Pr
ev

io
us

 tr
ea

tm
en

ts
 

D
os

ag
e 

O
bs

er
va

tio
n 

pe
rio

d 
R

es
po

ns
e 

Ye
ar

 
A

ut
ho

rs
 

 
la

rg
e-

ve
ss

el
 

 
va

sc
ul

iti
s 



S-118

REVIEW Treatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.
 

G
C

A
 

C
as

e 
se

rie
s, 

4 
Se

ve
re

 c
om

pl
ic

at
io

ns
 in

 sp
ite

 o
f 

0,
5-

1m
g/

kg
 b

w
 o

ra
lly

./ 
6-

15
 m

on
th

s 
N

o 
se

ve
re

 A
E,

 g
oo

d 
co

nt
ro

l, 
in

 2
 

19
86

 
Pe

na
 S

an
ch

ez
 d

e 
R

iv
er

a 
et

 a
l.,

 
 

 
re

tro
sp

ec
tv

e 
  

hi
gh

 d
os

e 
PR

ED
 (1

m
g/

kg
 b

w
/d

ay
) 

da
y 

 
pa

tie
nt

s t
re

at
m

en
t c

om
pl

et
el

y 
 

M
ed

ic
in

a 
Cl

in
ic

a 
19

86
; 8

6:
30

6 
(5

2)
 

 
 

 
 

 
 

 
di

sc
on

tin
ue

d 
in

 re
m

is
si

on
 a

fte
r 2

-3
ys

 
  

 
G

C
A

 
C

as
e 

se
rie

s 
4 

 
R

es
is

ta
nt

 to
 6

-M
P 

C
Y

C
 p

ul
se

s i
.v

., 
0,

5 
to

 
10

-2
1 

m
on

th
s 

St
ab

ili
se

d 
(2

) o
r r

em
is

si
on

 (2
), 

PR
ED

 
19

92
 

D
e 

Vi
ta

 e
t a

l.,
 J 

In
te

rn
 M

ed
 1

99
2;

 
 

 
re

tro
sp

ec
tiv

e 
  

 
1 

g,
 to

ta
l o

f 3
 g

 in
 3

 w
ee

ks
.  

ta
pe

re
d.

 R
ap

id
 re

sp
on

se
 in

 re
sp

on
de

rs
 

  
23

2:
37

3-
37

5 
(5

3)
 

G
C

A
 (A

T)
 

C
as

e 
se

rie
s, 

4 
(1

 w
ith

 C
Y

C
) 

W
ith

 se
ve

re
 c

er
eb

ra
l m

an
ife

st
at

io
ns

 C
Y

C
 7

5 
m

g 
or

al
ly

/d
ay

 
N

ot
 g

iv
en

 
St

ab
ili

sa
tio

n,
 P

R
ED

 re
du

ce
d 

19
94

 
B

üt
tn

er
 e

t a
l.,

 E
ur

 N
eu

ro
l 1

99
4;

 
 

 
re

tro
sp

ec
tiv

e 
  

 
 

 
 

 
34

:1
62

-1
67

 (5
4)

 
TA

 
C

as
e 

re
po

rt 
1 

O
cu

la
r T

A
 re

si
st

an
t t

o 
PR

ED
  

M
on

th
ly

 iv
 C

Y
C

 p
ul

se
s 

N
ot

 g
iv

en
 

Im
pr

ov
em

en
t o

f v
isu

al
 a

cu
ity

 
20

02
 

R
od

rig
ue

z-
H

ur
ta

do
 e

t a
l.,

 E
ur

 J 
 

 
 

 
 

50
0m

g/
m

2  x
 1

0 
 

  
 

M
ed

 R
es

 2
00

2;
 7

:1
28

-1
30

 (5
5)

 
G

C
A

 
C

as
e 

re
po

rt 
1 

O
cu

la
r A

T 
w

ith
 n

or
m

al
 E

SR
, 

15
0 

m
g/

da
y 

or
al

ly
 

2 
m

on
th

s 
Im

pr
ov

em
en

t o
f V

A
 (l

os
s o

f v
is

io
n 

20
03

 
C

al
gü

ne
ri 

et
 a

l.,
 Y

on
se

i M
ed

ic
al

  
 

 
 

 
st

er
oi

d 
de

pe
nd

en
t, 

re
du

ct
io

n 
or

 
 

 
w

as
 re

ve
rs

ib
le

) 
 

Jo
ur

na
l 2

00
3;

 4
4:

15
5-

15
8 

 (5
9)

 
 

 
 

 
PR

ED
 u

nd
er

 1
0 

m
g 

im
po

ss
ib

le
 

  
 

 
 

TA
 

C
as

e 
re

po
rt 

1 
 

W
ith

 m
es

en
te

ric
 a

rte
rii

tis
 re

si
st

an
t 

C
Y

C
 (F

A
U

C
I)

 o
ra

lly
 

10
 m

on
th

s 
C

Y
C

 in
ef

fe
ct

iv
e,

 p
at

ie
nt

 d
ie

d 
la

te
r 

20
05

 
Si

m
on

 e
t a

l.,
 Z

 R
he

um
at

ol
 2

00
6;

 
 

 
 

 to
 P

R
ED

, r
ed

uc
tio

n 
im

po
ss

ib
le

 
  

 
un

de
r E

TA
 d

ue
 to

 C
an

di
da

 se
ps

is
 

  
65

:5
20

-5
26

 (5
6)

 
TA

 
C

as
e 

se
rie

s, 
 

6 
ch

ild
re

n 
N

ew
ly

 d
ia

gn
os

ed
 T

A
 

M
TX

 1
2,

5 
m

g/
m

2 /w
ee

k 
12

-1
8 

m
on

th
s 

N
o 

SA
E,

 a
ll 

re
sp

on
de

d 
an

d 
w

er
e 

in
 

20
07

 
Ö

ze
n 

et
 a

l.,
 J 

Pe
di

at
ric

s 2
00

7;
 

 
pr

os
pe

ct
iv

e,
 o

pe
n 

 
 

or
al

ly
., 

C
Y

C
 1

,5
-1

,7
 

 
re

m
is

si
on

 
 

15
0:

72
-7

6 
(5

7)
 

 
 

M
TX

 v
s. 

C
Y

C
 a

dd
. 

 
 

m
g/

kg
 o

ra
lly

./d
ay

 
 

to
 P

re
d,

 fo
llo

w
ed

 
 

 
by

 M
TX

 fo
r 

 
 

m
ai

nt
en

an
ce

 
  

 
  

  
 

 
 

G
C

A
/T

A
 

C
as

e 
se

rie
s, 

10
 (4

 T
A

, 6
 G

C
A

) 
R

es
is

ta
nt

  t
o 

hi
gh

 d
os

e 
PR

ED
,  

C
Y

C
(N

IH
) 7

50
 m

g 
/m

2 
16

 –
 4

5 
R

em
is

si
on

 in
 a

ll 
bu

t o
ne

, a
ls

o 
20

11
 

H
en

es
 e

t a
l.,

 C
lin

 E
xp

 R
he

um
at

ol
 

 
re

tro
sp

ec
tiv

e 
  

D
os

e 
re

du
ct

io
n 

im
po

ss
ib

le
, 

i.v
. e

ve
ry

 3
 w

ee
ks

 6
-1

2x
, 

m
on

th
s 

do
cu

m
en

te
d 

by
 P

ET
/C

T 
 

20
11

; 2
9 

(s
up

pl
. 6

4)
:S

43
-S

48
 (5

8)
 

 
 

 
 

pr
et

re
at

m
en

t w
ith

 A
ZA

 o
r M

TX
 

in
di

vi
du

al
ly

 a
da

pt
ed

 
 

 
 

 
in

ef
fe

ct
iv

e 
in

 6
), 

2 
ne

w
ly

 d
ia

gn
os

ed
,  (

50
0-

90
0 

m
g/

m
2 ).

 
 

 
 

 
se

ve
re

 m
an

ife
st

at
io

ns
 n

o 
M

ai
nt

en
an

ce
 in

 a
ll 

w
ith

 
 

 
 

 
pr

et
re

at
m

en
t 

PR
ED

 / 
A

ZA
, M

TX
/A

ZA
 

 
 

 
 

 
(1

) o
r M

M
F/

A
ZA

 (1
) 

  
  

 

C
hl

or
am

bu
ci

l  
G

C
A

 
C

as
e 

re
po

rt 
1 

w
ith

 a
dd

. r
en

al
 

 
C

ho
ra

m
bu

ci
l d

os
ag

e 
no

t 
N

ot
 g

iv
en

 
R

es
po

ns
e 

of
 G

C
A

 (A
T)

 n
ot

 g
iv

en
, 

20
01

 
M

or
ag

a 
et

 a
l.,

 C
lin

 N
ep

hr
ol

 2
00

1;
 

 
 

 
am

yl
oi

do
si

s 
 

gi
ve

n 
  

fo
cu

se
d 

on
 a

m
yl

oi
do

si
s 

  
56

:4
02

-4
06

 (9
8)

B
) B

io
lo

gi
c 

 
 

 
 

 
 

 
 

B
.1

) A
nt

i-T
N

F 
G

C
A

 
C

as
e 

se
rie

s, 
4 

Se
ve

re
 d

is
ea

se
, P

R
ED

 re
si

st
an

t 
3 

in
fu

si
on

s o
f I

FX
 

5-
6 

m
on

th
s 

3 
co

m
pl

et
e 

re
sp

on
se

, 1
 p

ar
tia

l 
20

01
 

C
an

tin
i e

t a
l.,

 A
rth

r R
he

um
 2

00
1;

  
In

fli
xi

m
ab

 
 

 
 

re
tro

sp
ec

tiv
e 

3m
g/

kg
 b

w
 w

ee
k 

0,
 2

, 6
 

  
re

sp
on

se
, l

at
er

 re
la

ps
e 

 
44

:2
93

3-
29

35
 (6

1)
 

G
C

A
 

C
as

e 
se

rie
s  

2 
Pr

im
ar

y 
tre

at
m

en
t i

n 
ne

w
ly

 
3m

g/
kg

 b
w

 i.
v.

 w
ee

k 
 

 
 

 
di

ag
no

se
d 

G
C

A
 w

ith
 IF

X
 

0,
2,

4,
 th

en
 e

ve
ry

 8
 w

ee
ks

. N
ot

 g
iv

en
 

1 
co

m
pl

et
e 

an
d 

ra
pi

d 
re

sp
on

se
, 1

 
20

03
 

A
nd

on
op

ou
lo

s e
t a

l.,
 A

nn
 R

he
um

 
 

 
 

 
N

O
 P

R
ED

 
  

re
la

ps
e 

un
de

r I
FX

, t
he

n 
st

ar
t P

R
ED

 
  

D
is

 2
00

3;
 6

2:
11

16
 (6

2)
 

TA
 

O
pe

n-
la

be
l 

15
 

M
aj

or
ity

 o
f p

at
ie

nt
s r

es
is

ta
nt

 to
 

7 
pa

tie
nt

s E
TA

 2
 x

 2
5 

m
g 

21
.7

 m
on

th
s 

25
%

 su
st

ai
ne

d 
re

m
is

si
on

 a
nd

 P
R

ED
 

20
04

 
H

of
fm

an
 e

t a
l.,

 A
rth

r R
he

um
 2

00
4;

 
 

 
m

ul
tic

en
tre

 
 

M
TX

, M
M

F,
 A

ZA
, C

Y
C

, 5
 P

R
ED

 
sc

./w
ee

k 
ch

an
ge

d 
la

te
r t

o 
m

ed
ia

n 
di

sc
on

tin
ue

d.
 2

7%
 p

ar
tia

l r
em

is
si

on
s, 

 
50

: 2
29

6-
23

04
 (6

3)
 

 
 

pr
os

pe
ct

iv
e 

tri
al

 
  

re
si

st
an

t o
nl

y 
IF

X
, 8

 IF
X

 3
-5

 m
g/

kg
 b

w
   

PR
ED

 re
du

ce
d 

by
 a

t l
ea

st
 5

0%
 

 
 

 
 

i.v
. w

ee
k 

0,
2,

4,
 e

ve
ry

 8
 

 
 

 
 

 
w

ee
ks

 
   

   
 

 
G

C
A

 
C

as
e 

re
po

rt 
1 

M
on

ot
he

ra
py

 w
ith

 IF
X

 b
ec

au
se

 
5 

m
g/

 k
g 

bw
, i

nt
er

va
ls

 
6 

m
on

th
s 

C
om

pl
et

e 
re

sp
on

se
  

20
05

 
U

th
m

an
 e

t a
l.,

 C
lin

 R
he

um
at

ol
  

 
 

 
 

of
 d

ia
be

te
s 

no
t g

iv
en

 
 

 
 

20
06

; 2
5:

10
9-

11
0 

(6
4)

 
TA

 
C

as
e 

re
po

rt 
1 

R
es

is
ta

nt
 to

 h
ig

h 
do

se
 P

R
ED

 a
nd

 
3 

m
g/

kg
 b

w
 i.

v.
 w

ee
k 

0,
 

8 
m

on
th

s 
C

om
pl

et
e 

re
sp

on
se

 
20

05
 

Ta
to

 e
t a

l.,
 In

te
rn

at
io

na
l A

ng
io

lo
gy

 
 

 
 

 
C

Y
C

 p
ul

se
s, 

or
al

 C
Y

C
. 

2,
 4

, e
ve

r 8
 w

ee
ks

.  
La

te
r 

 
 

 
20

05
; 2

4:
30

4-
30

7 
(6

5)
 

 
 

 
 

 sw
itc

h 
to

 A
D

A
 d

ue
 to

 
 

 
 

 
 

de
ve

lo
pm

en
t o

f A
N

A
 

 
 

 
 

 
(in

 re
m

is
si

on
) 

 
 

TA
 

C
as

e 
se

rie
s, 

2 
R

ed
uc

tio
n 

of
 P

R
ED

 n
ot

 p
os

si
bl

e 
3 

m
g/

kg
 b

w
 i.

v.
 w

ee
k 

0,
 

N
ot

 g
iv

en
 

G
oo

d 
cl

in
ic

al
 re

sp
on

se
, n

or
m

al
is

at
io

n 
20

05
 

D
el

la
 R

os
sa

 e
t a

l.,
 R

he
um

at
ol

og
y 

 
 

 
re

tro
sp

ec
tiv

e 
  

w
ith

ou
t r

el
ap

se
, i

n 
on

e 
ca

se
 a

ls
o 

2,
4,

 th
e 

ev
er

y 
8 

w
ee

ks
 

 
of

 E
SR

 a
nd

 C
R

P,
 u

ltr
as

ou
nd

 a
nd

 M
R

A
 

 
20

05
; 4

4:
10

74
-1

07
5 

(6
6)

 
 

 
 

 
re

si
st

an
ce

 to
 M

TX
 

w
ith

 M
TX

 1
5 

m
g/

w
ee

k 
  

 
 

TA
 

C
as

e 
re

po
rt 

1 
U

ve
iti

s i
n 

TA
 re

si
st

an
t t

o 
PR

ED
 

3 
m

g/
kg

 b
w

 i.
v.

 
12

 m
on

th
s 

C
om

pl
et

e 
re

sp
on

se
, P

R
ED

 ta
pe

re
d,

 
20

05
 

M
ee

na
ks

hi
 e

t a
l.,

 Jo
ur

na
l o

f C
lin

 
 

 
 

 
an

d 
M

TX
 

  
 

M
TX

 d
is

co
nt

in
ue

d 
  

R
he

um
at

ol
 2

00
5;

 1
1:

21
3-

21
5 

(6
7)

 
TA

 
C

as
e 

re
po

rt 
1 

R
ef

ra
ct

or
y 

to
 P

R
ED

 a
nd

 M
TX

 
3 

m
g/

kg
 b

w
 i.

v.
 

24
 w

ee
ks

 
PR

ED
 ta

pe
re

d.
 R

em
is

si
on

 a
ch

ie
ve

d 
20

06
 

Ta
na

ka
 e

t a
l.,

 In
te

rn
al

 M
ed

ic
in

e 
 

 
 

 
 

 
 

 
 

 
D

O
I:1

0.
21

69
/ i

nt
er

na
lm

ed
ic

in
e.

  
 

 
 

 
 

 
 

 
 

45
.1

37
7 

(6
8)

 
TA

 
C

as
e 

se
rie

s 
4 

R
ef

ra
ct

or
y 

to
 P

R
ED

, M
TX

, A
ZA

, 
3 

m
g/

kg
 b

w
 i.

v.
 

22
 w

ee
ks

 to
 

PR
ED

 ta
pe

re
d,

 re
m

is
si

on
 in

 a
ll 

bu
t o

ne
 2

00
7 

K
ar

ag
eo

rg
ak

i e
t a

l.,
 C

lin
 

 
 

 
 

M
M

F,
 C

Y
C

, p
rim

ar
y 

tre
at

m
en

t i
n 

 
3 

ye
ar

s 
 

 
R

he
um

at
ol

 2
00

7;
 2

6:
98

4-
98

7 
(6

9)
 

 
 

 
 

on
e 

  
 

 
 

G
C

A
 (I

O
N

) 
C

as
e 

re
po

rt 
1 

O
cu

la
r m

an
ife

st
at

io
n,

 P
R

ED
 

3 
m

g/
kg

 b
w

 i.
v.

 2
 x

, 
N

ot
 g

iv
en

 
C

om
pl

et
e 

re
m

is
si

on
, v

is
ua

l a
cu

ity
 

20
07

 
To

rre
nt

e 
et

 a
l.,

 In
te

rn
 M

ed
 J 

20
07

; 
 

 
 

 
re

si
st

an
t 

th
en

 sw
itc

h 
to

 E
TA

 fo
r 

 
st

ab
le

 
 

37
:2

80
-2

81
 (7

0)
 

 
 

 
 

 
co

nv
en

ie
nc

e 
(2

5 
m

g 
 

 
 

 
 

2x
/w

ee
k 

s.c
.) 

  
 

 

M
ed

ic
at

io
n 

Ty
pe

 o
f 

Ty
pe

 o
f s

tu
dy

 
N

um
be

r o
f p

at
ie

nt
s 

Pr
ev

io
us

 tr
ea

tm
en

ts
 

D
os

ag
e 

O
bs

er
va

tio
n 

pe
rio

d 
R

es
po

ns
e 

Ye
ar

 
A

ut
ho

rs
 

 
la

rg
e-

ve
ss

el
 

 
va

sc
ul

iti
s 



S-119

REVIEWTreatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.
 

G
C

A
 (A

IO
N

) C
as

e 
re

po
rt 

1 
Se

ve
re

 o
cu

la
r m

an
ife

st
at

io
n,

 
5m

g/
kg

 b
w

 
8 

w
ee

ks
 

Im
pr

ov
em

en
t 

20
07

 
B

en
uc

ci
 e

t a
l.,

 R
ec

en
ti 

Pr
og

re
ss

i I
 

 
 

 
 

pr
im

ar
y 

tre
at

m
en

t 
  

 
 

 
M

ed
ic

in
a 

20
07

; 9
8:

62
4-

62
6 

(8
4)

 
G

C
A

 
M

ul
tic

en
tre

 
44

 
N

ew
ly

 d
ia

gn
os

ed
, n

o 
pr

e-
tre

at
m

en
t 

5 
m

g/
kg

 b
w

 i.
v.

, w
ee

k 
54

 w
ee

ks
 

Sa
m

pl
e 

to
o 

sm
al

l t
o 

ru
le

 o
ut

 m
od

es
t 

20
07

 
H

of
fm

an
 e

t a
l.,

 A
nn

 In
te

rn
 M

ed
 

 
 

in
te

rn
at

io
na

l 
 

 
0,

2,
6 

th
en

 e
ve

ry
 8

 w
ee

ks
 

 
ef

fe
ct

s. 
N

o 
di

ffe
re

nc
e 

fo
r r

el
ap

se
s, 

 
 

20
07

; 1
46

:6
21

-6
30

 (7
1)

 
 

 
pr

os
pe

ct
iv

e 
PB

O
 

 
 

 
 

re
m

is
si

on
s, 

PR
ED

 re
du

ct
io

n,
 A

E.
 

 
 

co
nt

ro
lle

d-
 IF

X
 fo

r
 

 
m

ai
nt

en
an

ce
 in

 G
C

 
 

 in
du

ce
d 

re
m

is
si

on
 

  
 

  
  

  
 

 
TA

 
R

et
ro

sp
ec

tiv
e 

ca
se

 
25

 
PR

ED
 re

du
ct

io
n 

im
po

ss
ib

le
 

4-
10

 m
g/

kg
 b

w
 i.

v.
, E

TA
 

12
 m

on
th

s 
R

em
is

si
on

 a
nd

 d
is

co
nt

in
ua

tio
n 

of
 

20
08

 
M

ol
lo

y 
et

 a
l.,

 A
nn

 R
he

um
 D

is 
 

 
se

rie
s 

  
 

(n
=9

) 2
5 

m
g 

s.c
. e

ve
ry

 
 

PR
ED

 in
 6

0%
, i

n 
28

%
 ta

pe
re

d 
be

lo
w

 
 

20
08

; 6
7:

15
67

-1
56

9 
(7

2)
 

 
 

 
 

 
w

ee
k,

 5
 b

ot
h,

 la
te

r 
 

10
 m

g.
 5

0%
 c

ou
ld

 ta
pe

r a
dd

iti
on

al
ly

 
 

 
 

 
 

sw
itc

he
d 

to
 IF

X
 

  
gi

ve
n 

im
m

un
os

up
pr

es
si

ve
 a

ge
nt

s 
 

 
TA

 
R

et
ro

sp
ec

tiv
e 

ca
se

 
4 

ch
ild

re
n 

w
ith

 T
A

 
R

es
is

ta
nt

 to
 P

R
ED

 a
nd

 im
m

un
o-

 
Tw

o 
5 

m
g/

kg
 b

w
 i.

v.
 p

lu
s 

N
ot

 g
iv

en
 

R
em

is
si

on
 a

nd
 re

du
ct

io
n 

of
 P

R
ED

 in
 

20
08

 
Fi

lo
ca

m
o 

et
 a

l.,
 J 

Pe
di

at
r 2

00
8;

 
 

 
se

rie
s 

 
su

pp
re

ss
iv

es
  (

M
TX

, A
ZA

 C
Y

C
) 

M
TX

 o
r A

ZA
, t

w
o 

A
D

A
 

 
al

l 
 

 1
53

:4
32

-4
34

 (7
3)

 
 

 
 

 
(3

), 
1 

w
ith

 se
ve

re
 n

ew
ly

 d
ia

gn
os

ed
  

 (4
0 

m
g 

s.c
. e

ve
ry

 2
 w

ee
ks

)
 

 
 

 
TA

 
  

  
 

 
TA

 
C

as
e 

re
po

rt 
1 

ch
ild

 
W

ith
 C

ro
hn

`s
 d

is
ea

se
 u

nd
er

 A
ZA

 
5 

m
g/

kg
 b

w
 

N
ot

 g
iv

en
 

R
em

is
si

on
 

20
09

 
El

-M
at

ar
y 

et
 a

l.,
 J 

Pe
di

at
ric

s 2
00

9;
  

 
 

 
 

 
 

 
 

 
15

5:
15

1 
(7

4)
 

TA
 

C
as

e 
re

po
rt 

1 
U

nr
es

po
ns

iv
e 

to
 c

on
ve

nt
io

na
l 

5 
m

g/
kg

 b
w

 w
ee

k 
0,

2,
4,

 
2 

ye
ar

s 
R

em
is

si
on

, P
R

ED
 a

nd
 M

TX
 re

du
ce

d 
20

09
 

M
af

fe
i e

t a
l.,

 E
ur

 R
ev

 M
ed

 
 

 
 

 
tre

at
m

en
t (

H
C

Q
, t

ic
lo

pi
di

ne
), 

th
en

 e
ve

ry
 8

 w
ee

ks
 

 
 

 
Ph

ar
m

ac
ol

 S
ci

 2
00

9;
 1

3:
63

-6
5 

(7
5)

 
 

 
 

 
PR

ED
 1

 m
g/

kg
 b

w,
 M

TX
 1

5 
 

 
 

 
m

g/
w

ee
k 

or
al

ly
 

 
  

 
TA

 
C

om
bi

ne
d 

w
ith

 
1 

R
es

is
ta

nt
 to

 P
R

ED
 a

nd
 A

ZA
 

5 
m

g/
kg

 b
w

 i.
v.

 
N

ot
 g

iv
en

 
R

em
is

si
on

 o
f b

ot
h 

di
se

as
es

, P
R

ED
 

20
10

 
C

al
de

ro
n 

et
 a

l.,
R

ev
is

ta
 E

sp
an

ol
a 

 
 

C
ro

hn
`s

 
  

 
 

 
re

du
ce

d 
  

de
 e

nf
er

m
ed

ad
es

 d
ig

es
tiv

as
 2

01
0;

  
 

 
 

 
 

 
 

 
 

10
2:

14
4-

14
8 

(7
6)

 
 

TA
 

A
ss

oc
ia

te
d 

w
ith

 
1 

D
ev

el
op

m
en

t o
f T

A
 u

nd
er

 IF
X

 
 

N
ot

 g
iv

en
  

 
20

10
 

K
at

oh
 e

t a
l.,

 In
te

rn
 M

ed
 2

01
0;

  
 

 
C

ro
hn

`s
 

  
5 

m
g/

kg
 b

w
 

 
 

 
 

49
:1

79
-1

82
 (7

7)
 

TA
 

C
as

e 
se

rie
s, 

15
, 3

 w
ith

 IF
X

. 
PR

ED
 re

du
ct

io
n 

im
po

ss
ib

le
 

5 
m

g(
kg

 b
w.

 Iv
.v

 
N

ot
 g

iv
en

 
D

ise
as

e 
co

nt
ro

l i
n 

al
l 

20
10

 
N

un
es

 e
t a

l.,
 B

ra
s J

 R
he

um
at

ol
 

 
 

re
tro

sp
ec

tiv
e 

O
th

er
s r

em
is

si
on

 
de

sp
ite

 M
TX

, A
ZA

 C
Y

C
 

 
 

 
 

20
10

; 5
0:

29
1-

29
8 

(7
8)

 
 

 
 

un
de

r A
ZA

, M
TX

 
 

 
 

or
 C

Y
C

 
  

 
 

TA
 

C
as

e 
se

rie
s, 

2 
ch

ild
re

n 
PR

ED
 re

du
ct

io
n 

im
po

ss
ib

le
 in

 
5 

m
g/

kg
 b

w
 i.

v.
 

N
ot

 g
iv

en
 

R
em

iss
io

n,
 P

R
ED

 re
du

ct
io

n 
20

11
 

B
uo

nu
om

o 
et

 a
l.,

 R
he

um
at

ol
 In

t 
 

 
re

tro
sp

ec
tiv

e 
  

sp
ite

 o
f a

dd
iti

on
al

 M
TX

 
  

 
 

 
20

11
; 3

1:
93

-9
5 

(7
9)

 
TA

 
C

as
e 

se
rie

s, 
2 

D
ev

el
op

m
en

t o
f T

A
 u

nd
er

 IF
X

 3
 

3 
m

g/
kg

 b
w

 
N

ot
 g

iv
en

 
 

20
11

 
O

sm
an

 e
t a

l.,
 C

lin
 R

he
um

at
ol

  
 

 
re

tro
sp

ec
tiv

e 
  

m
g/

kg
 b

w
 i.

v.
 a

nd
 M

TX
,  

on
e 

ca
se

 
 

 
 

 
20

11
; 3

0:
70

3-
70

6 
(8

0)
 

 
 

 
 

la
te

r e
ffe

ct
iv

el
y 

tre
at

ed
 w

ith
 A

D
A

 
 

 
TA

 
C

as
e 

re
po

rt 
1 

Pa
tie

nt
 w

ith
 u

lc
er

at
iv

e 
co

lit
is

 u
nd

er
 5

 m
g/

kg
 b

w
 w

ee
k 

0,
2,

4,
 

N
ot

 g
iv

en
 

R
em

iss
io

n 
 

20
11

 
G

ec
se

 e
t a

l.,
 In

fla
m

m
 B

ow
el

 D
is 

 
 

 
 

bo
lu

s s
te

ro
id

s a
nd

 su
lfa

sa
la

zi
ne

 
th

en
 e

ve
ry

 8
 w

ee
ks

 
  

 
 

20
11

; 1
7:

E6
9-

70
 (8

1)
 

TA
 

Fr
en

ch
 m

ul
tic

en
tre

 
15

 
A

ct
iv

e 
di

se
as

e 
in

 sp
ite

 o
f G

C
 a

nd
 

3-
5 

m
g/

kg
 b

w
 /w

ee
k 

12
 m

on
th

s 
Pa

rti
al

 o
r g

oo
d 

re
sp

on
se

 in
 8

7%
 a

t 
20

11
 

M
ek

in
ia

n 
et

 a
l.,

 R
he

um
at

ol
og

y 
in

 
 

st
ud

y,
 re

tro
sp

ec
tiv

e 
 

ad
di

tio
na

l i
m

m
un

os
up

pr
es

si
ve

 
0,

2,
4,

 th
en

 e
ve

ry
 8

 w
ee

ks
  

3 
m

on
th

s a
nd

 7
3%

 a
t 1

2 
m

on
th

s. 
 

pr
es

s (
82

)  
 

 
ca

se
 se

rie
s 

  
ag

en
ts

 (7
 M

TX
, 4

 A
ZA

) 
 

  
C

lin
ic

al
 a

nd
 b

io
lo

gi
ca

l a
ct

iv
ity

 
 

 
 

 
 

 
 

de
cr

ea
se

d 
si

gn
ifi

ca
nt

ly
, a

s d
id

 G
C

 d
os

e.
 

 
 

 
 

 
 

 
A

E:
 o

ne
 tu

be
rc

ul
os

is
, o

ne
 se

ve
re

 
 

 
 

 
 

 
 

in
fe

ct
io

n,
 2

 in
fu

si
on

 re
ac

tio
ns

 
 

 
TA

 
C

as
e 

se
rie

s, 
5 

pl
us

 li
te

ra
tu

re
 

R
es

is
ta

nt
 to

 P
R

ED
, A

ZA
, M

TX
 

5 
m

g/
kg

 b
w

 i.
v.

 
3-

32
 m

on
th

s 
R

em
is

si
on

, P
R

ED
 ta

pe
re

d 
in

 3
, 

20
11

 
C

om
ar

m
on

d 
et

 a
l.,

 A
ut

oi
m

m
un

ity
 

 
 

re
tro

sp
ec

tiv
e 

re
vi

ew
 o

f 7
9 

  
 

 
on

e A
E 

(c
ar

di
ac

 fa
ilu

re
) 

  
R

ev
ie

w
s 2

01
1;

 IN
 P

R
ES

S 
(8

3)

Et
an

er
ce

pt
 

G
C

A
 (A

T)
 

C
as

e 
re

po
rt 

1 
R

es
is

ta
nt

 to
 h

ig
h 

do
se

 G
C

 
25

 m
g 

2x
/w

ee
k 

s.c
. 

N
ot

 g
iv

en
 

Pa
tie

nt
 st

op
pe

d 
ET

A
 th

in
ki

ng
 to

 b
e 

20
03

 
Ta

n 
et

 a
l.,

 A
nn

 R
he

um
 D

is 
20

03
; 

 
 

 
 

 
 

 
cu

re
d 

w
ith

 c
on

se
cu

tiv
e 

re
la

ps
e,

 a
fte

r 
  

62
:3

73
-3

74
 (8

5)
 

 
 

 
 

 
 

 
6 

m
on

th
s r

em
is

si
on

 w
ith

 5
 m

g 
PR

ED
 

 
G

C
A

 
C

as
e 

re
po

rt 
1 

O
cc

ur
re

nc
e 

of
 G

C
A

 u
nd

er
 M

TX
 

25
 m

g 
2x

/w
ee

k 
s.c

. 
N

ot
 g

iv
en

 
Fu

rth
er

 c
ou

rs
e 

no
t g

iv
en

 
20

04
 

Se
to

n 
J R

he
um

at
ol

 2
00

4;
 3

1:
14

67
 

 
 

 
 

an
d 

ET
A

 fo
r R

A
 

  
 

 
 

(8
6)

 
G

C
A

 
Pr

os
pe

ct
iv

e,
  

17
 

G
C

 si
de

 e
ffe

ct
s 

25
 m

g 
2x

 /w
ee

k 
s.c

. 
12

 m
on

th
s 

50
%

 in
 E

TA
 g

ro
up

 w
ith

ou
t P

R
ED

, 
20

08
 

M
ar

tin
ez

-T
ab

oa
da

 e
t a

l.,
 A

nn
 

 
do

eu
bl

e-
bl

in
d 

PB
O

 
 

 
 

 
22

,2
%

 in
 P

B
O

 g
ro

up
 (s

ig
ni

fic
an

t) 
an

d 
 

R
he

um
 D

is
 2

08
; 6

7:
62

5-
63

0 
(8

7)
 

 
 

co
nt

ro
lle

d 
st

ud
y 

 
 

 
 

in
 re

m
is

si
on

 
 

 
si

ng
le

 c
en

tre
 

  
 

 
 

 
 

A
da

lim
um

ab
 

G
C

A
 (A

T)
 

C
as

e 
re

po
rt 

1 
R

es
is

ta
nt

 to
 6

0 
m

g 
PR

ED
 

N
ot

 g
iv

en
, p

ro
ba

bl
y 

R
A

  
6 

m
on

th
s 

C
om

pl
et

e 
re

m
is

si
on

, P
R

ED
 re

du
ce

d 
20

07
 

A
hm

ed
 e

t a
l.,

 C
lin

 R
he

um
at

ol
 

 
 

 
(o

cu
la

r m
an

ife
st

at
io

n)
 

st
an

da
rd

 (4
0 

m
g 

c.
c.

 
 

 to
 1

2.
5 

m
g/

da
y 

 
20

07
; 2

6:
13

53
-1

35
5 

(8
8)

 
 

 
 

 
 

ev
er

y 
2 

w
ee

ks
) 

 
 

  
 

G
C

A
 

C
as

e 
re

po
rt 

1 
Pa

tie
nt

 w
ith

 A
T 

re
si

st
an

t t
o 

PR
ED

 
N

ot
 g

iv
en

 
N

ot
 g

iv
en

 
D

ev
el

op
m

en
t o

f G
C

A
 u

nd
er

 A
D

A
 

20
07

 
Le

yd
et

-Q
ui

lic
i e

t a
l.,

 Jo
in

t B
on

e  
 

 
 

 
M

TX
 a

nd
 E

TA
 sw

itc
he

d 
to

 A
D

A
 

 
 

 /P
R

ED
 

 
Sp

in
e 

20
07

; 7
4:

29
9-

30
5 

(8
9)

 
 

 
 

 
fo

r R
A

 
 

 
 

 

M
ed

ic
at

io
n 

Ty
pe

 o
f 

Ty
pe

 o
f s

tu
dy

 
N

um
be

r o
f p

at
ie

nt
s 

Pr
ev

io
us

 tr
ea

tm
en

ts
 

D
os

ag
e 

O
bs

er
va

tio
n 

pe
rio

d 
R

es
po

ns
e 

Ye
ar

 
A

ut
ho

rs
 

 
la

rg
e-

ve
ss

el
 

 
va

sc
ul

iti
s 



S-120

REVIEW Treatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

B
.2

.) 
A

nt
i-I

L-
6 

 
 

 
 

 
 

 
 

To
ci

liz
um

ab
 

TA
 

C
as

e 
re

po
rt 

1 
R

es
is

ta
nt

 to
 h

ig
h 

do
se

 P
R

ED
 

4 
m

g 
/k

g 
bw

 e
ve

ry
 4

 
N

ot
 g

iv
en

 
R

em
iss

io
n,

 P
R

ED
 re

du
ce

d 
20

08
 

N
ish

im
ot

o 
et

 a
l.,

 A
rth

r R
he

um
 

 
 

 
 

an
d 

i.v
. M

P 
w

ee
ks

 i.
v.

, l
at

er
 in

cr
ea

se
d 

  
 

 
20

08
; 5

8:
11

97
-1

20
0 

(9
0)

 
 

 
 

 
to

 8
 m

g 
 

 
G

C
A

/T
A

 
C

as
e 

se
rie

s, 
7 

(2
 T

A
, 5

 G
C

A
) 

R
es

is
ta

nt
 to

 P
R

ED
 a

nd
 M

TX
 (2

), 
 

8 
m

g/
kg

 b
w

 e
ve

ry
 

3 
m

on
th

s 
R

em
iss

io
n,

 P
R

ED
 re

du
ce

d 
in

 a
ll 

20
11

 
Se

itz
 e

t a
l.,

 S
w

iss
 M

ed
ic

al
 W

ee
kl

y
 

 
re

tro
sp

ec
tiv

e 
  

PR
ED

 a
lo

ne
 (2

), 
PR

ED
, A

ZA
  

4 
w

ee
ks

 
(M

R
A

) 
 

 
20

11
; 1

41
; w

13
15

6 
(9

1)
 

 
 

 
M

TX
, I

FX
 (1

), 
Pr

im
ar

y 
tre

at
m

en
t

 
 

 
 

in
 2

 
  

  
 

 
G

C
A

 
C

as
e 

se
rie

s, 
3 

R
es

cu
e 

tre
at

m
en

t a
fte

r P
R

ED
 

8 
m

g/
kg

 b
w

 e
ve

ry
 

N
ot

 g
iv

en
 

R
em

iss
io

n 
al

so
 p

ro
ve

n 
by

 P
ET

/C
T 

20
11

 
B

ey
er

 e
t a

l.,
 A

nn
 R

he
um

 D
is 

20
11

; 
 

 
re

tro
sp

ec
tiv

e 
  

re
si

st
an

ce
 a

nd
 c

on
tra

in
di

ca
tio

ns
 

 4
 w

ee
ks

 i.
v.

  
 

 
 

70
:1

87
4-

18
75

 (9
2)

 
 

 
 

to
 M

TX
, A

ZA
 a

nd
 o

th
er

 im
m

un
o-

 
 

 
 

su
pp

re
ss

iv
e 

ag
en

ts
 

 
 

 
G

C
A

 
C

as
e 

se
rie

s 
2 

PR
ED

 a
nd

 M
TX

 re
si

st
an

t/ 
8 

m
g/

g 
bw

 e
ve

ry
 

7 
m

on
th

s 
R

em
isi

so
n,

 ta
pe

rin
g 

of
 P

R
ED

 
20

11
 

Sc
ia

sc
ia

 e
t a

l.,
 J 

R
he

um
at

ol
 2

01
1

 
 

 
 

de
pe

nd
an

t  
(P

R
ED

 c
ou

ld
 n

ot
 b

e 
4 

w
ee

ks
 i.

v.
 

 
 

 
38

:2
08

0-
20

81
 (9

3)
 

 
 

 
 

re
du

ce
d 

be
lo

w
 2

5 
m

g 
w

ith
ou

t 
 

 
 

 
re

la
ps

e)
 

  
 

 
G

C
A

 / 
TA

 
C

as
e 

se
rie

s, 
 

4 
(2

 T
A

, 2
 G

C
A

) 
R

es
is

ta
nt

 to
 h

ig
h 

do
se

 P
R

ED
 

8 
m

g/
kg

 b
w

 e
ve

ry
 

7-
11

 m
on

th
s 

R
em

is
si

on
, P

R
ED

 re
du

ce
d,

 
20

12
 

Sa
lv

ar
an

i e
t a

l.,
 R

eu
m

at
ol

og
y

 
 

re
tro

sp
ec

tiv
e 

  
an

d 
M

TX
 

4 
w

ee
ks

 
  

R
em

is
si

on
 a

ls
o 

pr
ov

en
 b

 P
ET

/C
T 

 
20

12
; 5

1:
15

1-
15

6 
(9

4)

B
.3

.) 
A

nt
i-B

-C
el

l 
 

 
 

 
 

 
 

 
R

itu
xi

m
ab

 
G

C
A

 
C

as
e 

re
po

rt 
1 

R
es

is
ta

nt
 to

 P
R

ED
, A

ZA
 n

ot
 

10
00

 m
g 

on
ce

 i.
v.

 
1 

m
on

th
 

R
em

is
si

on
 a

ls
o 

pr
ov

en
 b

y 
PE

T,
 

20
05

 
B

ha
tia

 e
t a

l.,
 A

nn
 R

he
um

 D
is 

 
 

 
 

to
le

ra
te

d 
  

 
on

e 
m

on
th

 la
te

r s
ev

er
e 

bi
la

te
ra

l 
 

20
05

; 6
4:

10
99

-1
10

0 
(9

5)
 

 
 

 
 

 
 

 
pn

eu
m

on
ia

 w
ith

 c
on

se
cu

tiv
e 

 
 

 
 

 
 

 
pe

rs
is

te
nt

 re
sp

ira
to

ry
 p

ro
bl

em
s 

 
 

G
C

A
 

C
as

e 
re

po
rt 

1 
G

C
 c

ou
ld

 n
ot

 b
e 

ta
pe

re
d 

du
e 

to
 

10
00

 m
g 

da
y 

1 
an

d 
15

 
1 

m
on

th
 (t

oo
 

Th
er

ap
eu

tic
 re

sp
on

se
 n

ot
 re

po
rte

d,
 

20
07

 
M

ay
rb

ae
ur

l e
t a

l.,
 C

lin
 R

he
um

at
ol

 
 

 
 

 
ad

di
tio

na
l n

eu
tro

pe
ni

a 
i.v

. 
sh

or
t a

s t
he

 
no

 A
E.

 
 

20
07

; 2
6:

15
97

-1
59

8 
(9

6)
 

 
 

 
 

 
 

au
th

or
s s

ta
te

 
 

 
 

 
 

 
th

em
se

lv
es

) 
  

 
 

TA
 

C
as

e 
re

po
rt 

3 
A

rti
cl

e 
on

 B
 c

el
l h

om
eo

st
as

is
 

10
00

 m
g 

da
y 

1 
an

d 
 

O
nl

in
e 

A
ll 

in
 re

m
is

si
on

, a
ls

o 
pr

ov
en

 b
y 

20
12

 
H

oy
er

 e
t a

l.,
 A

nn
 R

he
um

 D
is 

20
12

; 
 

 
 

 
in

 T
A

, 3
 o

f 1
7 

pa
tie

nt
s t

re
at

ed
 

15
 i.

v.
 

su
pp

le
m

en
t 

PE
T/

C
T 

 
71

:7
5-

79
 an

d 
on

lin
e s

up
pl

em
en

t (
97

)  
 

 
 

 
w

ith
 R

TX
. T

he
se

 w
er

e 
re

si
st

an
t t

o 
 

  
A

ns
eh

en
 

 
 

C
) O

th
er

 
 

 
 

 
 

 
 

 
A

ut
ol

og
ou

s s
te

m
  

TA
 

C
as

e 
re

po
rt 

1 
R

es
is

ta
nt

 to
 P

R
ED

, M
M

F,
 th

en
 

C
Y

C
/G

-C
SF

, C
Y

C
/A

TG
 

40
0 

da
ys

 
R

em
is

si
on

, o
ff 

im
m

un
os

up
pr

es
si

on
, 

20
04

 
Vo

lta
re

lli
i e

t a
l.,

 R
he

um
at

ol
og

y
ce

ll 
tra

ns
pl

an
ta

tio
n 

 
 

 
st

em
 c

el
l m

ob
ili

sa
tio

n 
an

d 
A

SC
T.

 
 

 
M

R
A

 w
ith

ou
t a

ct
iv

ity
 

 
20

04
; 4

3:
13

08
-1

30
9 

(9
9)

 
 

TA
 

C
as

e 
re

po
rt 

in
 a

 
1 

R
es

is
ta

nt
 to

 P
R

ED
, A

ZA
, Y

C
, 

C
Y

C
/A

TG
 

12
 m

on
th

s 
R

em
is

si
on

, P
R

ED
 ta

pe
re

d,
 A

ZA
 

20
05

 
K

öt
te

r e
t a

l.,
 C

lin
 N

ep
hr

ol
 2

00
5;

  
 

 
ca

se
 se

rie
s o

n 
 

M
M

F,
 E

TA
, C

SA
, I

FX
, 

 
 

as
 m

ai
nt

en
an

ce
 

 
64

:4
85

-4
89

 (1
00

)  
 

 
va

sc
ul

iti
de

s, 
si

ng
le

 
 

A
N

A
K

IN
R

A
 (v

ar
io

us
 

 
ce

nt
re

 
 

co
m

bi
na

tio
ns

) 
  

 
 

 
 

TA
 

R
eg

is
try

 d
at

a 
1 

(o
f 1

5 
w

iit
h 

Sa
m

e 
pa

tie
nt

 a
s a

bo
ve

 
Sa

m
e 

pa
tie

nt
 a

s a
bo

ve
 

16
 m

on
th

s 
 

20
07

 
D

ai
ke

le
r e

t a
l.,

 A
nn

 R
he

um
 D

is 
 

 
 

va
sc

ul
iti

s)
 

  
 

 
 

 
20

07
; 6

6:
20

2-
20

7 
(1

01
)

D
) M

IX
ED

 
TA

 
R

et
ro

sp
ec

tiv
e 

10
8 

77
 p

at
ie

nt
s r

ec
ei

ve
d 

G
C

, 3
3 

in
 

N
ot

 sp
ec

ifi
ed

 
N

ot
 g

iv
en

 
Su

rv
iv

al
 ra

te
 c

or
re

la
te

s w
ith

 ra
te

 o
f 

20
05

 
Pa

rk
 e

t a
l.,

 S
ca

nd
. J

. R
he

um
at

ol
 

 
 

si
ng

le
 c

en
tre

 se
rie

s  
  

co
m

bi
na

tio
n 

w
ith

 im
m

un
os

up
- 

 
 

co
m

pl
ic

at
io

ns
 

 
20

05
;3

4:
28

4-
29

2 
 (1

04
)

 
 

 
 

pr
es

si
ve

 d
ru

gs
 su

ch
 a

s M
TX

 
 

 
 

 
or

 A
ZA

.  
  

 
 

  
 

TA
 

R
et

ro
sp

ec
tiv

e 
ca

se
 

24
8 

O
nl

y 
9%

 tr
ea

te
d 

w
ith

 G
C

 a
lo

ne
, 

63
%

 M
TX

, 2
2%

 A
ZA

, 
N

ot
 g

iv
en

 
N

ot
 sp

ec
ifi

ed
 

20
09

 
B

ic
ak

ci
gi

l e
t a

l.,
 C

lin
 E

xp
 

 
se

rie
s i

n 
m

ul
tip

le
 

 
84

%
 n

ee
de

d 
ad

di
tio

na
l  

13
%

 C
Y

C
, 6

%
 L

EF
, 4

%
 

 
 

 
R

he
um

at
ol

 2
00

9;
 2

7 
(S

up
pl

. 5
2)

 
 

 
ce

nt
re

s i
n 

Tu
rk

ey
 

  
im

m
un

os
up

pr
es

si
ve

s 
M

M
F,

 1
,2

%
 a

nt
i T

N
F 

  
 

 
S5

9-
S6

 (1
03

)
 

TA
 

R
et

ro
sp

ec
tiv

e 
ca

se
 

82
 

46
%

 re
qu

ire
d 

1 
or

e 
m

or
e 

N
ot

 fo
cu

se
d 

on
 st

er
oi

d-
 

N
ot

 g
iv

en
 

N
ot

 sp
ec

ifi
ed

, o
ve

ra
ll 

su
rv

iv
al

 
20

10
 

A
rn

au
d 

et
 a

l.,
 M

ed
ic

in
e 

20
10

; 
 

 
se

rie
s (

Fr
an

ce
) 

 
ad

di
tio

na
l i

m
m

un
os

up
pr

es
si

ve
 

sp
ar

in
g 

tre
at

m
en

t 
 

w
or

se
 fo

r N
or

th
 A

fr
ic

an
s 

 
89

:1
-1

7 
(1

02
)  

 
 

si
ng

le
 c

en
tre

 
  

ag
en

ts
 (2

8%
 A

ZA
, 2

5.
6%

 M
TX

, 
 

 
 

 
7,

3%
 M

M
F,

 5
,4

%
 m

on
th

ly
 C

Y
C

 
 

 
 

 
pu

ls
es

. A
nt

i T
N

F 
in

 a
 si

ng
le

 
 

 
 

 
pa

tie
nt

 (I
FX

) 
 

  
 

 

A
D

A
: a

da
lim

um
ab

; A
E:

 a
dv

er
se

 e
ve

nt
; A

T:
 te

m
po

ra
l a

rte
rit

is
; A

ZA
: a

za
th

io
pr

in
e;

 b
w

: b
od

yw
ei

gh
t; 

C
SA

: c
yc

lo
sp

or
in

e A
; C

Y
C

: c
yc

lo
ph

os
ph

am
id

e;
 E

TA
: e

ta
ne

rc
ep

t; 
G

C
: g

lc
uo

co
rti

cs
te

ro
id

s;
 G

C
A

: g
ia

nt
 c

el
l a

rte
rit

is
; I

FX
: L

EF
: l

efl
un

om
id

e;
 

M
TX

: m
et

ho
tre

xa
te

; M
M

F:
 m

yc
op

he
no

la
te

 m
of

et
il;

 M
R

A
: m

ag
ne

tic
 re

so
na

nc
e 

an
gi

og
ra

ph
y;

 P
R

ED
: p

re
dn

is
ol

on
e;

 M
P:

 m
et

hy
lp

re
dn

is
ol

on
e;

 R
TX

: r
itu

xi
m

ab
; S

A
E:

 se
rio

us
 a

dv
er

se
 e

ve
nt

; T
A

: T
ak

ay
as

u 
ar

te
rit

is
; T

C
Z:

 to
ci

liz
um

ab
.

M
ed

ic
at

io
n 

Ty
pe

 o
f 

Ty
pe

 o
f s

tu
dy

 
N

um
be

r o
f p

at
ie

nt
s 

Pr
ev

io
us

 tr
ea

tm
en

ts
 

D
os

ag
e 

O
bs

er
va

tio
n 

pe
rio

d 
R

es
po

ns
e 

Ye
ar

 
A

ut
ho

rs
 

 
la

rg
e-

ve
ss

el
 

 
va

sc
ul

iti
s 



S-121

REVIEWTreatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

of candida sepsis after being switched 
to ETA. Katoh et al. describe a patient 
with Crohn’s disease who developed 
TA under IFX 5 mg/kg bw, similarly, in 
a case series by Osman et al. 2 patients 
with Crohn’s disease are described, who 
developed TA under IFX. One of these 
later was effectively treated with ADA 
(80). Leydet-Quilici et al. describe a 
patient with rheumatoid arthritis who 
developed GCA under ADA and pred-
nisolone (PRED) (89). Seton describes 
a patient developing TA under MTX 
and ETA for rheumatoid arthritis (86). 
Rimar et al. describe two patients who 
under treatment for RA with MTX de-
veloped GCA (29).
One recent retrospective case series 
from France described 82 TA patients, 
53% (white Caucasian) and 44% (black 
African) of whom after primary GC 
treatment required additional immuno-
suppressive agents. Twenty-eight per 
cent received AZA, 25.6% MTX, 7.3% 
MMF, 5.4% monthly CYC pulses. Inf-
liximab was administered to one single 
patient. As treatment was not in the fo-
cus of that study (which examined ra-
cial differences in disease activity and 
outcome), differences in the efficacy of 
the immunosuppressives are not report-
ed (102). Similarly, in a previous retro-
spective multicentre analysis of patients 
with TA in Turkey with 248 individu-
als, 84% required additional immuno-
suppressive agents to their primary GC 
regimen. Most frequently MTX was 
used (84%), followed by AZA (22%), 
and CYC (13%). LEF was used in 6% 
and MMF in 3%. Three resistant cases 
were treated with TNF inhibitors (103). 
Another retrospective series with 108 
patients from Korea also reported high 
rate of GC dependent or even resistant 
cases in TA, with a 48% rate of patients 
receiving steroid sparing immunosup-
pressives such as MTX or AZA, which 
are not specified further (104). In a ret-
rospective single centre analysis from 
Brazil, of 30 patients only 10 achieved 
disease control with GC alone. 12 pa-
tients received MTX (median 8.8 mg/
week) additionally and 58% had a good 
response, 2 patients resistant to this 
combination received CYC 2 mg/kg 
bw/day orally without response (105). 
There were prospective open or ran-

domised trials, 6 with MTX, 1 with 
azathioprine, 3 with IFX and 1 with 
ETA.

Prospective open and randomised 
trials
Methotrexate (MTX)
Our literature search revealed two pro-
spective open (18, 20), two single cen-
tre prospective controlled double blind 
trials (21, 26) and two prospective ran-
domised trials with two centres or de-
signed as multicentre trials (25, 27). 
The two prospective open trials in-
cluded 11 and 43 patients, respectively, 
however, among the 43 patients in the 
study by Feinberg et al., only 3 had 
GCA, the others were suffering from 
PMR. Whereas the study by Hernandez-
Garcia included newly diagnosed and 
previously untreated patients, Feinberg 
et al. included patients who were inad-
equately controlled with prednisolone. 
The patients in the Hernandez-Garcia 
study received 10 mg MTX/week oral-
ly, those in the Feinberg study 7,5 mg. 
Garcia-Hernandez et al. concluded that 
MTX is safe and steroid-sparing, as 10 
of the 11 patients finally were able to 
discontinue their GC. The observation 
period was 22–37 months. In the Fein-
berg et el. trial, with a shorter obser-
vation period of 9 months and a lower 
MTX dosage as well as a difficult-to-
treat GC resistant patient population, 
no steroid-sparing effect for the whole 
group could be shown. However, as 
the patient number with GCA was very 
small, a positive effect of MTX in this 
subgroup could not be excluded. In 
the two prospective randomised single 
centre trials, 40 and 21 patients were 
included. Also in one of these trials, 
namely the one published by Van der 
Veen et al., only 6 of the 40 patients had 
GCA in overlap with PMR, the other 
34 patients had PMR only (21). They 
included patients with active, newly di-
agnosed and previously untreated dis-
ease, the patients in the MTX arm were 
treated with 7,5 mg MTX/week orally. 
The observation period was 21 weeks. 
Spiera et al. included 21 GCA patients 
with active, newly diagnosed and pre-
viously untreated disease, the patients 
in the MTX arm also received 7,5 mg 
MTX/week orally, but in case of flare 

this was increased up to a maximum of 
20 mg, if necessary. The observation 
period was 12 months (26). Both stud-
ies came to the conclusion that although 
prednisolone could be reduced by more 
than 50% of the baseline dosage, MTX 
has no steroid-sparing effect, as there 
were no differences between the two 
arms. Adverse events were not differ-
ent, either.
Finally, the two prospective two-centre 
(27) or multicentre (25) trials included 
42 and 98 patients respectively. Both 
included GCA patients who were newly 
diagnosed, active and untreated. The 
dosage of MTX in the active treatment 
arm was 10 and 15 mg/week orally. Both 
treatment arms received prednisolone, 
either 60 mg or 1 mg/kg bw. The ob-
servation period was 12 months in the 
study by Jover et al. and 24 months in 
the Hoffman et el. trial. The study by 
Jover et al. showed that the number of 
relapses was significantly reduced in 
the MTX arm and that the cumulative 
GC doses were also significantly lower 
in the MTX treated group. There was 
no difference in the number of adverse 
events between the two groups. In con-
trast, the study by Hoffman et al. came 
to the conclusion that except for a reduc-
tion of relapses in the form of polymyal-
gia rheumatica, MTX did not reduce the 
cumulative GC dosage, nor did it reduce 
the number of relapses, the probability 
of achieving remission or morbidity. 
Again, there was no difference in ad-
verse events between the groups. 

Meta-analysis of the randomised 
MTX trials 
In 2007, Mahr et al. published a meta-
analysis of the MTX trials published 
so far (106). They aimed at a re-evalu-
ation of the efficacy and safety of low-
dose MTX in GCA. For this purpose, 
they performed an individual patient 
data meta-analysis of three of the above 
mentioned randomised placebo-control-
led trials (25-27) with 84 patients in the 
MTX arms and 77 in the placebo arms 
of the studies over a median observation 
period of 54.7 weeks. The trial by van der 
Veen et al. was excluded as the original 
data were no longer available (21). Use 
of MTX resulted in a significant reduc-
tion in the cumulative GC dose by 842 
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mg within 48 weeks. Moreover, MTX 
treatment was associated with a signifi-
cantly higher probability of achieving 
sustained discontinuation of GC for 
more than 24 weeks. Three point six in-
dividuals and 4.7 individuals needed to 
be treated with MTX in order to prevent 
the occurrence of one first or one second 
relapse, respectively. MTX reduces the 
risk of a first relapse by 35% and the risk 
of a second relapse by 51%. A subgroup 
analysis according to age, gender, posi-
tivity of temporal artery biopsy, relapse 
type (cranial or non-cranial) and weeks 
from MTX initiation for relapse did not 
reveal any differences. The analysis of 
duration of follow-up at different time 
points revealed that the superiority of 
the treatment effect of MTX over pla-
cebo appears only after 24 to 36 weeks. 
The authors conclude that MTX is ef-
fective as glucocorticoid-sparing agent 
and lowers the risk of relapse. It should 
be considered as a therapeutic option in 
addition to standard-of-care treatment 
with GC for patients with GCA.

Azathioprine (AZA)
For azathioprine, only one prospective, 
double-blind PBO controlled single 
centre trial was published. It included 
31 patients with GCA or PMR/GCA 
overlap, whose disease activity was 
controlled with 5 mg prednisolone for 
at least 3 months. The aim of the study 
was to show if AZA had a steroid-spar-
ing effect in PMR/GCA overlap during 
the maintenance phase (35). Sixteen 
patients were in the AZA arm and 17 
in the placebo arm. The patients on 
AZA received 150 mg daily orally, in 
combination with prednisolone accord-
ing to a “standard regimen” which was 
not specified. However, the patients 
were stratified according to their pred-
nisolone doses. The observation period 
was 52 weeks. There was a significant 
reduction in the prednisolone dose at 
week 52, in favour of the AZA group. 

Cyclosporine A (CSA)
There is one randomised controlled 
trial with CSA, which included 60 pa-
tients with newly diagnosed and un-
treated GCA. For an observation period 
of 12 months, the patients all received 
prednisolone according to a prede-

fined scheme which was not specified 
in the paper. CSA dosage was 2 mg/kg 
initially, the dose could be reduced or 
increased to a maximum of 3.5 mg/kg/
day. CSA was reduced by 0.5 mg/day in 
case of increase in creatinine by more 
than 30%. There was a high rate of pre-
mature termination in the CSA group 
(11 vs. 1) and a high rate of dose re-
ductions of CSA due to adverse events. 
There was a significant reduction in the 
GC dose in both treatment groups, there 
was no difference concerning improve-
ment of clinical and laboratory param-
eters. The authors conclude that CSA 
has no steroid-sparing potency in GCA 
and, additionally, is associated with a 
high rate of adverse events.

Biologicals
Infliximab (IFX)
Infliximab was the first biologic agent 
and the first TNF-alpha-antagonist, a 
chimeric ant-TNF-alpha monoclonal 
antibody, which was introduced for 
the treatment of a systemic rheumatic 
disorder, rheumatoid arthritis, in 1998. 
The first patients with GCA/TA treated 
with infliximab were published in 2001. 
These were 4 treatment resistant GCA 
patients with very severe, organ- or life- 
threatening manifestations. Three of 
the patients achieved remission, 1 was 
a partial responder who later relapsed 
(IFX was stopped after 3 infusions) 
(61). Later, one open-label multicentre 
prospective trial with 15 patients with 
TA was published, the majority of the 
patients included were resistant not only 
to GC, but also to MTX, MMF, AZA, or 

CYC. Five of the patients were resist-
ant to prednisolone only. The follow-up 
was 21.7 months (median). In this study, 
7 patients were primarily treated with 
ETA 2 x 25 mg/week s.c. and 3 switched 
later to IFX mainly due to restrictions in 
availability of the drug. The IFX doses 
varied between 3 mg/kg bw and 5 mg/
kg bw week 0, 2, 4, and then every 8 
weeks. All patients were said to have 
received high dose GC initially, how-
ever, the exact dosing schedule is not 
provided. Sixty-seven per cent of the 
anti-TNF treated patients achieved sus-
tained remission that lasted 1–3.2 years. 
Twenty-seven per cent achieved a par-
tial remission and were able to reduce 
their GC requirements by at least 50%. 
Only one patient did not respond to the 
TNF antagonist. In 9 of the 14 respond-
ers, an increase in the anti-TNF dosage 
was required to sustain remission. Two 
relapses occurred during interruption of 
ETA due to shortage of drug, but remis-
sion was re-established upon reinstitu-
tion of therapy. Adverse events were 
comparable in both groups. Anti-TNF 
is judged by the authors to be a useful 
adjunct to GC in the treatment of TA.
Three years later, the same group of in-
vestigators published a prospective inter-
national placebo-controlled multicentre 
trial in newly onset previously untreated 
GCA (71). The aim of this study was to 
analyse if the addition of IFX to stand-
ard prednisolone in induction of remis-
sion and maintenance would have ad-
vantages over PRED monotherapy. The 
IFX dosage was 5 mg/kg bw, week 0, 2, 
4, and then every 8 weeks. Prednisolone 

Table II. Distribution of patients on the medications.

Treat- Total GCA % GCA % TA % TA  %
ment  number   resistant    resistant
  of patients 
  
MTX 113 111 98 6 5 2 2 2 100
AZA 51 51 100 3 5.9 0 0 0 0
HCQ 36 36 100 36 100 0 0 0 0
CSA 47 44 93.6 14 52 3 6.4 3 100
LEF 2 0 0 0 0 2 100 2 100
MMF 32 0 0 0 0 32 100 21 65.6
CYC 27 19 70.4 19 100 8 29.6 2 25
IFX 123 33 26.8 5 15.2 90 73.2 82 91
ETA 10 10 100 1 10 0 0 0 0
TCZ 17 12 70.6 10 98.3 5 29.4 5 100
RTX 5 2 40 2 100 3 60 3 100
ASCT 2 0 0 0 0 2 100 2 100



S-123

REVIEWTreatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

was started with 40 to 60 mg/day and 
then reduced according to an algorithm 
which was provided in the publication. 
The observation period was 54 weeks, 
and 22 centres in the USA and Europe 
participated in the study. The randomi-
sation was 2:1 for IFX. Sixteen patients 
were assigned to PRED plus placebo, 28 
to PRED plus IFX. As a result, IFX did 
not decrease the number of relapses at 
week 22, nor did it decrease the cumula-
tive PRED dosage. There were slightly 
more infections with IFX, but this dif-
ference was not significant. In conclu-
sion, the authors state that the sample is 
too small to rule out modest effects of 
IFX and included only newly diagnosed 
patients, however, a role for IFX as a 
therapeutic agent for maintenance treat-
ment in GCA is unlikely.

Etanercept (ETA)
ETA is a fusion protein of two p75 subu-
nits of the TNF receptor linked to the Fc 
portion of human IgG1. It was approved 
for rheumatoid arthritis in 1999. The 
first case report on ETA for GCA/TA 
appeared in 2003, however, in the fol-
lowing publications, ETA was given in 
case series and open prospective studies 
before or after IFX or in studies where 
also IFX was analysed (63, 70, 72). In 
most of these, it proved effective. 
There is one randomised prospective 

double-blind placebo-controlled single 
centre trial with 17 GCA patients who 
needed alternative treatments due to 
GC side effects. They received 25 mg 
ETA 2x/week s.c. Observation period 
was 12 months. Eight patients received 
ETA, 9 PBO. The initial prednisolone 
dosage varied. After 12 months, 50% of 
the patients in the ETA group and 22% 
in the PBO group were able to control 
the disease without GC therapy (not sig-
nificant). Patients in the ETA group had 
a significantly lower dose of accumu-
lated prednisolone during the first year 
of treatment. There were no differences 
in number and type of adverse events. 
The limited number of patients does not 
allow to draw definitive conclusions, as 
the authors state. 

Summary of data for steroid-resistant 
or steroid-dependent GCA/TA
Of the 64 publications on steroid spar-
ing immunosuppressives for GCA/TA 
found in the literature, 50 (79%) re-
ported on patients who were either re-
sistant to or dependent on GC (17, 20, 
24, 28, 33, 38, 40, 41, 44, 46-49, 51-53, 
55, 56, 58-63, 65-70, 72, 73, 75, 78-80, 
82, 83, 85, 86, 88-97, 99, 100).
Among these, there is one prospective 
trial. It is an open-label trial for TA re-
fractory to immunosuppressives such 
as MTX, MMF, AZA, CYC, or PRED 

(5 of 15 patients), who were treated 
with either ETA or IFX (63). 
Of the MTX treated patients reported 
in the literature, 111 had GCA (98%). 
Of these, only 6 (5%) were refractory 
to GC or immunosuppressive agents. 
Only 2 TA patients were treated with 
MTX (1.8%), and both were refrac-
tory to GC. Fifty-one GCA patients 
were treated with AZA (100%), only 3 
(5.9%) were treatment-resistant. There 
are no publications on TA patients with 
AZA. The trial on antimalarials (HCQ) 
included 36 GCA patients, all (100%) 
were refractory to standard GC. There 
are no reports on TA with antimalarials. 
Fourty-four of the patients with CSA 
(93.6%) had GCA, only 14 (32%) were 
treatment resistant. Three TA patients 
also received CSA (6.8%), all were 
GC resistant. Two TA and no GCA pa-
tients with LEF were published, both 
were resistant to PRED and MTX or 
CYC. Exclusively TA patients received 
MMF (100%), 21 of 32 were resistant 
to GC (65.6%), 50% also to other im-
munosuppressives. Nineteen of the pa-
tients with CYC had GCA (70.4%), 8 
TA (29.6%). All GCA patients (100%) 
and 2 of the 8 TA patients were treat-
ment resistant (25%), 2 TA and 4 GCA 
patients were even resistant to MTX or 
AZA before. As for IFX, 33 patients 
had GCA (26.8%) and 90 TA (73.2%). 
Of the GCA patients, only 5 were 
treatment-resistant (15.2%), mostly 
to PRED only. Of the TA patients, 82 
were treatment resistant (91%), almost 
all to PRED plus other immunosup-
pressive agents. For ETA, only GCA 
patients are reported (n=10, 100%), 
only one was resistant to higher dos-
es of GC (10%). With TCZ, 12 GCA 
(70,6%) and 5 TA patients (29.4%) 
were reported, all but 2 GCA patients 
(1.7%) had not responded to PRED or 
PRED plus immunosuppressive agents 
before. Two GC (40%) and 3 TA (60%) 
patients have been treated with RTX so 
far, the GCA patients were all refrac-
tory to GC (100%), whereas the TA 
patients all had received other immu-
nosuppressive agents additionally be-
fore. The same also holds true for the 2 
TA patients who underwent autologous 
stem cell transplantation. The percent-
ages of the patients with TA and GCA 

Fig. 1. Distribution of patients on medications. Columns show total number of patients for GCA and 
TA as well as the number of patients regarded as resistant to GC treatment, respectively. 
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for each medication and the percent-
ages of those in each group being GC-
resistant are depicted in Figure 1.
There are four larger retrospective case 
series on the subject of steroid depend-
ency or resistance, one with antimalar-
ials for GCA (36 patients) (60), two on 
MMF for TA (10 and 21 patients) (49, 
50), one on CYC for GCA and TA (10 
patients, 4 TA, 6 GCA) (58), one on 
IFX and ETA for TA (25 patients) (72). 
For the antimalarials, a “recovery rate” 
of 58% is described, for MMF signifi-
cant decreases in disease activity (in 
the second series measured by the In-
dian Takayasu Arteritis Activity Score 
ITAS) and PRED dosage, in the CYC 
series a remission in all but one pa-
tients (90%) also documented by PET/
CT, and in the IFX/ITA series a 60% 
remission rate and 28% significantly 
decreased PRED dosage is described.
It is impossible to distinguish exactly 
between GC-resistant and GC-depend-
ent cases, as no clear definitions for re-
sistance or dependency were provided 
at all or they were very heterogeneous 
or both were taken together in one se-
ries or trial and not regarded separately. 
Furthermore, the definitions of com-
plete and partial remissions also vary 
considerably, if specified at all.

Discussion
The mainstay in the management of 
GCA/TA are high dose GC for induc-
tion of remission, and low dose steroids 
(5 mg PRED /day or lower) for main-
tenance of remission for 1–2 years, as 
stated in the recent EULAR recommen-
dations (5). However, in some patients, 
a reduction of GC under 5 mg/day 
prednisolone equivalent may be impos-
sible (GC dependency) without relapse 
or even remission not achievable (GC 
resistance). This percentage of patients 
is estimated for GCA to be 40.8% to 
48% (7, 107). In these patients, addi-
tional remission-inducing agents are 
needed. Furthermore, additional ster-
oid-sparing agents for maintenance 
of remission may be necessary in this 
difficult-to-treat patient population, 
in order to get the GC dose below the 
“Cushing threshold” and avoid adverse 
events such as infections, osteoporosis, 
diabetes, or cataract. Similarly, 46 to 

84% of the TA patients in retrospective 
case series from Korea, Turkey and 
France were described to require ad-
ditional immunosuppressive treatment 
in order to achieve remission and taper 
GC (102-104).
Although GCA is the most frequent 
form of systemic vasculitis, with an an-
nual incidence of 27/100.000 in Scan-
dinavia and 7–11/100.000 in Mediter-
ranean countries (108), as opposed to 
TA, with an annual incidence of 0.7 and 
a prevalence of 5–7 per million inhab-
itants in a recent British study (109), 
there are only few prospective open 
or randomised trials on steroid spar-
ing agents for the treatment of GCA or 
TA resistant to conventional high-dose 
steroids or requiring prolonged GC 
doses above the Cushing threshold. 
Some trials analysed PMR and GCA 
simultaneously, which may have ham-
pered the results (20, 21).  
MTX is an evidence-based and gener-
ally recommended steroid sparing and 
even remission-inducing agent in gran-
ulomatosis with polyangiits (Wegener) 
(GPA) (110, 111). In the MTX trials for 
GCA/TA, different patient populations 
were included (newly diagnosed un-
treated [18, 25-27], GC resistant [20]). 
Furthermore, the dosages of MTX 
were quite low. Most trials and case 
reports/case series used MTX dosages 
between 7.5 and 12 mg/week orally. In 
rheumatoid arthritis, or for the remis-
sion inducing treatment of localised 
forms of GPA (Wegener) (112), higher 
doses are used (15 mg to 30 mg/week). 
Another matter of concern is the mode 
of application of MTX, since probably 
a parenteral application is more effec-
tive compared to oral intake (113) due 
to better bioavailability (114). The pa-
tient numbers in all trials are relatively 
small. The largest study included 98 
patients (25). Observation periods and 
follow-up, ranging from 3 to 37 months 
with a median of 11 months may often 
have been too short to detect differ-
ences. There is an intensive debate on 
the significance and necessity of MTX 
as a steroid sparing agent in GCA. This 
is expressed in several critical com-
ments and discussions in the literature 
over the last 15 years (29, 115, 116). 
In our opinion, the meta-analysis by 

Mahr et al. (106) clearly shows that 
MTX should be the first-line agent if a 
steroid-sparing medication is regarded 
necessary such as in case of contraindi-
cations for GC or impossibility of GC 
reduction. To clarify if MTX should 
already be given in combination with 
the high dose GC for induction of re-
mission to facilitate GC reduction and 
prevent relapses, further, well-designed 
and large trials will be necessary. In a 
recent review in this journal, Spies et 
al. have summarised the available lit-
erature on MTX for large-vessel vascu-
litis and polymyalgia rheumatica and 
came to the conclusion that 10–15 mg 
of oral MTX have a modest and delayed 
effect in reducing relapse rate and low-
ering the cumulative GC dose. MTX 
may be used as adjunctive therapy in 
GC resistance or complications. They 
suggest that further attempts should be 
made for a better identification of pa-
tients with GC-refractory courses and a 
more precise formulation of guidelines 
on indication, optimal dosing and dura-
tion (116).
Azathioprine also is widely used as 
steroid sparing agent not only in con-
nective tissue diseases such as SLE 
(117, 118), but also in some forms of 
vasculitis, where the evidence for its 
efficacy is quite good, such as for ex-
ample Behçet’s disease (119, 120). 
However, in GCA/TA only one older 
randomised study is available (35). 
This revealed a superiority of the AZA 
arm compared to prednisolone alone in 
patients with GCA or PMR or both with 
stable remission of disease under 5 mg 
prednisolone equivalent or more. Un-
til now, however, no larger multicentre 
trials followed, possibly because of a 
risk of elevated liver enzymes.One pro-
spective trial was prematurely stopped 
because of this adverse event (36).
The use of CSA was discouraged by 
a randomised study in 2006, which 
did not show any advantage over pla-
cebo but an increase in adverse events 
(increasing creatinine and hyperten-
sion) (44). Leflunomide was not used 
in a considerable number of patients 
to date, the same also holds true for 
chlorambucil. The latter may have too 
many adverse effects such as cytope-
nias and secondary malignancy for a 
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more widespread use. Antimalarials 
were analysed in a retrospective French 
study (60), however, there was no pla-
cebo control and all patients received 
GC in parallel. Hence, it is impossible 
to judge if the recovery rate of 58% has 
to be ascribed to the antimalarials or 
not. To date, antimalarials are not rec-
ommended for the use in other system-
ic vasculitides which may be the reason 
why they were not used by others as a 
steroid-sparing agent in GCA/TA. Fur-
thermore, the publication appeared in 
French language, which probably hin-
dered its circulation.
For mycophenolate mofetil (MMF), 3 
case series exist, all on TA and almost 
exclusively steroid dependent patients 
were treated, one case series also in-
cluded patients with MMF as initial 
treatment. In the steroid dependent 
cases, GC could be decreased, in the 
case series including also patients with 
primary MMF treatment GC were also 
reduced, but it is impossible to differ-
entiate between the effects of GC alone 
and MMF. Disease activity also de-
creased in all patients (48-50).
Cyclophosphamide, astonishingly, is 
not well investigated in GCA/TA, al-
though it is the major remission-in-
ducing agent in severe manifestations 
of other systemic vasculitides such as 
GPA (Wegener) (121). Especially in 
CNS manifestations of Behçet’s dis-
ease, cyclophosphamide is also rec-
ommended (122). There are no pro-
spective controlled trials for GCA/TA, 
and the largest case series published to 
date comprises 10 patients, 4 with TA 
and 6 with GCA (58). Here, 8 patients 
had refractory disease, 2 severe organ 
threatening manifestations. All but one 
achieved remission and prednisolone 
could be reduced, however, all patients 
obtained a steroid-sparing maintenance 
treatment (mostly AZA, some MTX, 
one MMF). In this case series, remis-
sion also was documented by PET/CT. 
Cyclophosphamide as intravenous 
pulses according to the NIH (123) or 
the Eurolupus protocol (124, 125) is 
relatively safe and effective. In younger 
patients, fertility may be a matter of 
concern, as well as secondary malig-
nancies, which tend to occur with an in-
creased frequency at cumulative CYC 

doses above 30 g (126). Infections, 
especially in combination with GC, 
may also be a problem and supportive 
antibiotic treatment is recommended 
(cotrimoxazole as prophylaxis against 
pneumocystis jirovecii pneumonia), as 
are prophylactic vaccinations (pneumo-
cocci, haemophilus, influenza). Here, 
too a randomised trial for CYC against 
placebo for induction of remission in 
patients with severe manifestations of 
GCA or TA (CNS, ocular, gastrointes-
tinal vessels) would be desirable, espe-
cially in the light of cost-effectiveness 
when compared to biologics. 
Concerning biological agents, most re-
ports are on anti-TNF agents, among 
these, mostly on IFX which was the 
first one available in 1998. There is 
one prospective randomised trial with 
IFX versus GC alone for maintenance 
treatment of newly diagnosed GCA in 
GC induced remission (71). Another 
prospective open-label multicentre tri-
al on treatment-resistant TA uses ETA 
and IFX and later switched some of 
the ETA patients to IFX. Whereas the 
randomised study did not find any dif-
ference between IFX or placebo and 
was stopped prematurely, the open trial 
showed a marked reduction in GC dose 
and remission rate (partial and com-
plete) of appr. 50% (63). The main dif-
ference between the trials (besides the 
focus on two different entities, namely 
GCA and TA and the open non ran-
domised trial merges ETA and IFX) is 
that the randomised trial used IFX as 
maintenance treatment in patients in 
remission, whereas the TA patients in 
the second trial were resistant to PRED 
or, half of them, also to diverse steroid-
sparing immunosuppressives. How-
ever, the results of the open-label trial 
are difficult to interprete as IFX and 
ETA were not used systematically but 
merged. ETA may be less effective than 
IFX, as ETA is a fusion protein of the 
soluble TNF receptor and IFX a mono-
clonal antibody against TNF alpha. ETA 
has been shown to be less effective for 
uveitis and inflammatory bowel disease 
than monoclonal anti-TNF alpha anti-
bodies (127-129). The second prospec-
tive, randomised placebo-controlled 
trial uses ETA for GCA patients who 
due to side effects could not be treated 

with adequate doses of GC. The ETA 
group had significantly lower GC doses 
than the PBO group at the end of the 
study, and relapse rate also was lower 
(not significant). The authors conclude 
that their sample size (17 patients) 
probably was too small to detect further 
differences (87). In his editorial com-
ment on the study by Hoffman et al. 
of 2007, Luqmani (130) points out that 
the confidence intervals were very wide 
and hence the sample size also in the 
prospective randomised trial with IFX 
may have been far too small to detect 
treatment effects. He proposes a trial 
for GCA with three treatment groups: 
standard-dose prolonged GC, short 
dose GC in combination with IFX and 
a third arm with placebo only after suc-
cessful induction of remission with GC. 
Most recently, Comarmond et al. have 
published a review of the literature on 
anti-TNF-alpha agents in refractory TA 
(83). All patients of 79 with TA except 
one published in case reports and case 
series thus far had been inadequately 
controlled by GC and other immuno-
suppressive agents before receiving 
anti-TNF-alpha agents. They would 
thus probably be classified as “steroid-
resistant”. The most commonly used 
anti-TNF agent was IFX in a dosage of 
5 mg/kg bw, in combination with either 
MTX or AZA. Thirty-seven per cent of 
the patients achieved complete remis-
sion, while 53.5% partial remission. 
GC could be tapered in 52% and dis-
continued in 40%. Adverse events were 
observed in 20%, mostly infections, 
followed by hypersensitivity reactions.
One may hypothesise that anti-TNF 
agents may be useful in the setting of 
induction of remission in GC-resistant 
cases of GCA or TA only, a question 
which has not been addressed in the 
prospective trials until now. From an 
immunological point of view, their use 
in GCA and TA appears reasonable, as 
TNF alpha was found in abundance in 
affected temporal arteries (131).
IL-6 antagonists have been used re-
cently in several case reports and case 
series. This is reasonable from a patho-
genetical point of view, as IL-6 appears 
to be one of the key players in the patho-
genesis of GCA and TA. It is present in 
the wall of the inflamed vessels (132). 
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Tocilizumab was mostly applied to pa-
tients with treatment-resistant GCA or 
TA, and to date no inefficacy was re-
ported. Rituximab has been exclusively 
used in a very limited number of treat-
ment-resistant cases of GCA (n=2) or 
TA (n=3). Until recently, the role of B-
cells in TA and GCA was unclear, and 
their role in the pathogenesis of large- 
vessel vasculitides appeared to be limit-
ed, as macrophages, dendritic cells and 
CD4+CD28– T-cells dominate the in-
flammatory infiltrate and produce IFN 
gamma, IL-1β, IL-6, TNF alpha and 
metalloproteinases and induce the pro-
duction of PDGF. In 2011, Hoyer et al. 
showed that the number and frequency 
of antibody secreting CD19+/CD20-
/CD27high plasmablasts is increased 
in the peripheral blood of patients with 
clinically active TA, as well as general 
B-cell hyperactivity and that these pa-
tients can be treated successfully with 
rituximab (97). Although this at first 
seems illogical as the plasmablasts are 
CD20 negative and rituximab binds to 
CD20, plasmablasts differentiate from 
CD20+ B-cells, so rituximab depletes 
their B-cell pool.
As “ultima ratio” autologous stem cell 
transplantation was performed in 2 pa-
tients reported in the literature so far. 
One had received even cyclophospha-
mide and anti-TNF agents and almost 
all available immunosuppressives with-
out clinical effect (100), the other had 
been refractory to Pred, MTX, MMF 
(99). Both patients achieved remis-
sion after ASCT and were able to re-
duce their baseline immunosuppressive 
treatments. GCA patients should not 
undergo ASCT as they are normally 
older than 60 years and have comorbid-
ities which unacceptably increase trans-
plantation associated morbidity and 
mortality. As transplantation associated 
mortality in autoimmune diseases lies 
between 3 and 7%, this approach in our 
opinion should be reserved for other-
wise healthy patients with TA who do 
not respond even to biological agents. 
In this issue of Clin Exp Rheumatol, 
Italian recommendations for the treat-
ment of large-vessel vasculitides with 
biological agents are published (see p. 
S139). These recommendations show 
how difficult it is to make definite state-

ments, when clear-cut evidence is miss-
ing. The EULAR recommendations for 
GCA and TA were published in 2009 
(5), and until 2011 not much more 
evidence adding to that underlying the 
EULAR recommendations appeared. 
The Italian recommendations focus on 
biological agents and omit recommen-
dations for alternative steroid-sparing 
or remission-inducing agents. The only 
additional major difference between the 
Italian and the EULAR recommenda-
tions is that in the Italian Behçet’s dis-
ease, Cogan syndrome and isolated CNS 
angiitis have been included under the 
headline “large-vessel vasculitis”. Nor-
mally, the term large-vessel vasculitis is 
reserved for GCA and TA, two vascu-
litides which almost exclusively affect 
the aorta and its major branches. CNS 
angiitis is mostly affecting small arter-
ies, and Behçet’s disease affects vessels 
of all sizes, also veins, but small vessels 
are much more commonly affected than 
large ones. Cogan syndrome is a very 
special entity consisting of interstitial 
keratitis or panuveitis associated with 
inner ear deafness. 
For GCA biological agents (namely 
TNF inhibitors) are not recommended as 
first line treatment or monotherapy be-
cause of lack of evidence. They may be 
used in patients with more than 2 flares 
or relapses despite adequate treatment 
with GC and one or more additional im-
munosuppressive agents (MTX 15–20 
mg/week, AZA 2–2.5 mg/day). 
Similarly, for TA due to lack of evi-
dence, no monotherapy with biological 
agents (TNF inhibitors) is encouraged, 
nor is the use as first line treatment. 
They may be used in patients with per-
sisting disease activity for more than 6 
months or more than 2 flares or relapse 
despite GC and one or more immuno-
suppressive agent (MTX 20 mg/week, 
AZA 2–2.5 mg/day, MMF 2 g/day for 
4–6 months). 
For both diseases, the efficacy of bio-
logical agents is to be assessed after 4 
months and in case of lack of improve-
ment it should be discontinued. 
Everybody would agree that there is 
no evidence for monotherapy with bio-
logical agents, and that the evidence 
for their efficacy as a primary steroid-
sparing treatment is sparse. However, 

with the exception of methotrexate, the 
evidence for the use of immunosup-
pressive agents as remission-inducing 
or steroid-sparing agents is lacking, 
too. Hence, the recommendations for 
the immunosuppressive agents, which 
must have been ineffective before initi-
ating treatment with biological agents, 
are more eminence- than evidence 
-based, as are the recommendations 
for the MTX dosages, because the tri-
als and case series used lower doses of 
MTX than those recommended by the 
Italian specialists. One may ask why 
cyclophosphamide was not considered 
in the recommendations and why it was 
not considered as a primary “third-line” 
agent in steroid resistant or dependent 
GCA or TA after inefficacy of GC and 
one less aggressive immunosuppres-
sive agent. To date, it is impossible to 
decide if CYC has more, comparable 
or even less adverse effects than anti-
TNF alpha biologicals. We suppose 
that with the EUROLUPUS protocol 
and adequate antibiotic prophylaxis, 
this will not be the case, and regarding 
the existing case series and experiences 
in other systemic vasculitides it may be 
as effective but much cheaper than the 
biologicals. However, this remains to 
be proven by appropriately designed 
prospective trials.
In summary, steroid-resistant GCA and 
TA clearly exist, and prospective ran-
domised placebo-controlled trials for 
their treatment are urgently needed. 
Unfortunately, the trials which have 
been published to date have included 
very heterogeneous patient groups. The 
numbers of patients are too small to 
draw definite conclusions in almost all 
of them, and in the MTX trials, the dos-
age of the active medication probably 
was too low. Furthermore, we suggest 
to include GC-resistant patients into 
trials with agents for remission-induc-
tion, whereas trials testing GC-sparing 
properties, should include newly diag-
nosed patients. Of course, in the case 
of trials for induction of remission, a 
uniform and clear-cut definition of GC-
resistance is mandatory – as was sug-
gested for GC-dependence by Camel-
lino et al. (28) or van der Veen et al. 
(21) who defined GC-dependence and 
GC-resistance as an impossibility of 
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reducing prednisolone under 7.5 mg/
day or under 20 mg/day, respectively, 
without increase in disease activity. 
Moreover, a kind of disease activity 
score would be desirable, such as for 
example the Indian Takayasu Arteritis 
Activity Score (ITAS) used by Goel 
et al. (50). Recently, a Takayasu Dis-
ease Extent Score was published (133), 
which may also be useful for future 
trials. To our knowledge, for GCA, no 
such validated clinical activity index 
was developed so far. 
We should focus on developing a strong 
network of clinicians and researchers 
interested in GCA/TA and design ap-
propriate prospective randomised trials 
which hopefully answer the most urgent 
questions in the future. In this respect, 
we should follow the example of EUVAS 
(the European vasculitis study group, 
http://www.vasculitis.org/), designing, 
completing and publishing studies on 
the treatment of ANCA associated vas-
culitides – this is probably the way to 
optimise the treatment of patients with 
large-vessel vasculitides, too.

References
   1. MAKSIMOWICZ-MCKINNON K, CLARK TM, 

HOFFMAN GS: Takayasu arteritis and giant 
cell arteritis: a spectrum within the same 
disease? Medicine 2009; 88: 221-6.

   2. HUNDER GG, BLOCH DA, MICHEL BA et 
al.: The American College of Rheumatol-
ogy 1990 criteria for the classification of gi-
ant cell arteritis. Arthritis Rheum 1990; 33: 
1122-8.

   3. HUNDER GG: Classification/diagnostic cri-
teria for GCA/PMR. Clin Exp Rheumatol 
2000; 18: S4-5.

   4. BLOCH DA, MICHEL BA, HUNDER GG et al.: 
The American College of Rheumatology 
1990 criteria for the classification of vascu-
litis. Patients and methods. Arthritis Rheum 
1990; 33: 1068-73.

   5. MUKHTYAR C, GUILLEVIN L, CID MC et al.: 
EULAR recommendations for the manage-
ment of large vessel vasculitis. Ann Rheum 
Dis 2009; 68: 318-23.

   6. NESHER G, SONNENBLICK M, FRIED-
LANDER Y: Analysis of steroid related com-
plications and mortality in temporal arteritis: 
a 15-year survey of 43 patients. J Rheumatol  
1994; 21: 1283-6.

   7. PROVEN A, GABRIEL SE, ORCES C, O’FALLON 
WM, HUNDER GG: Glucocorticoid therapy in 
giant cell arteritis: duration and adverse out-
comes. Arthritis Rheum 2003; 49: 703-8.

   8. LÓPEZ VIVES LNJ, ESTRADA P, GÓMEZ 
VAQUERO C, NOLLA M: Adverse outcomes 
of glucocorticoid tehrapy among patients 
with giant cell arteritis. Arthritis Rheum 
2010; 62: S532.

   9. GRAHAM E, HOLLAND A, AVERY A, RUS-
SELL RW: Prognosis in giant-cell arteritis. 
Br Med J (Clin Res Ed) 1981; 282: 269-71.

 10. HACHULLA E, BOIVIN V, PASTUREL-MI-
CHON U et al.: Prognostic factors and long-
term evolution in a cohort of 133 patients 
with giant cell arteritis. Clin Exp Rheumatol 
2001; 19: 171-6

 11. UDDHAMMAR A, ERIKSSON AL, NYSTROM 
L, STENLING R, RANTAPAA-DAHLQVIST S: 
Increased mortality due to cardiovascular 
disease in patients with giant cell arteritis 
in northern Sweden. J Rheumatol 2002; 29: 
737-42.

 12. EVANS JM, O’FALLON WM, HUNDER GG: 
Increased incidence of aortic aneurysm and 
dissection in giant cell (temporal) arteritis. 
A population-based study. Ann Intern Med 
1995; 122: 502-7.

 13. NUENNINGHOFF DM, HUNDER GG, CHRIS-
TIANSON TJ, MCCLELLAND RL, MATTESON 
EL: Incidence and predictors of large-artery 
complication (aortic aneurysm, aortic dis-
section, and/or large-artery stenosis) in pa-
tients with giant cell arteritis: a population-
based study over 50 years. Arthritis Rheum 
2003; 48: 3522-31.

 14. BONGARTZ T, MATTESON EL: Large-ves-
sel involvement in giant cell arteritis. Curr 
Opin Rheumatol 2006; 18: 10-7.

 15. GARCIA-MARTINEZ A, HERNANDEZ-RO-
DRIGUEZ J, ARGUIS P et al.: Development 
of aortic aneurysm/dilatation during the 
followup of patients with giant cell arteri-
tis: a cross-sectional screening of fifty-four 
prospectively followed patients. Arthritis 
Rheum 2008; 59: 422-30.

 16. GARCIA-MARTINEZ AAP, PRIETO S, HER-
NANDEZ-RODRIGUEZ J et al.: Outcome of 
aortic structural damage after long-term fol-
low-up of patients with giant cell arteritis. 
Cross-sectional screening of 29 prospectivel 
followed patients. Ann Rheum Dis 2010; 69: 
689.

 17. KRALL PL, MAZANEC DJ, WILKE WS: Meth-
otrexate for corticosteroid-resistant poly-
myalgia rheumatica and giant cell arteritis. 
Cleveland Clin J Med 1989; 56: 253-7.

 18. HERNANDEZ-GARCIA C, SORIANO C, MO-
RADO C et al.: Methotrexate treatment in the 
management of giant cell arteritis. Scand J 
Rheumatol  1994; 23: 295-8.

 19. NESHER G, SONNENBLICK M: Steroid-spar-
ing medications in temporal arteritis--report 
of three cases and review of 174 reported 
patients. Clin Rheumatol 1994; 13: 289-92.

 20. FEINBERG HL, SHERMAN JD, SCHREPFER-
MAN CG, DIETZEN CJ, FEINBERG GD: The 
use of methotrexate in polymyalgia rheu-
matica. J Rheumatol  1996; 23: 1550-2.

 21. VAN DER VEEN MJ, DINANT HJ, VAN BOOMA-
FRANKFORT C, VAN ALBADA-KUIPERS GA, 
BIJLSMA JW: Can methotrexate be used as 
a steroid sparing agent in the treatment of 
polymyalgia rheumatica and giant cell ar-
teritis? Ann Rheum Dis 1996; 55: 218-23.

 22. SHETTY AK, STOPA AR, GEDALIA A: Low-
dose methotrexate as a steroid-sparing agent 
in a child with Takayasu’s arteritis. Clin Exp 
Rheumatol 1998; 16: 335-6.

 23. KUPERSMITH MJ, LANGER R, MITNICK H et 
al.: Visual performance in giant cell arteritis 

(temporal arteritis) after 1 year of therapy. 
Br J Ophthalmol 1999; 83: 796-801.

 24. BESSON-LEAUD L, GRENIER N, BESSON-
LEAUD M, BONIFACE C, GUILLARD JM: 
[Takayasu’s disease: interest in methotrex-
ate treatment]. Arch Pediatr 2001; 8: 724-7.

 25. HOFFMAN GS, CID MC, HELLMANN DB 
et al.: A multicenter, randomized, double-
blind, placebo-controlled trial of adjuvant 
methotrexate treatment for giant cell arteri-
tis. Arthritis Rheum 2002; 46: 1309-18.

 26. SPIERA RF, MITNICK HJ, KUPERSMITH M et 
al.: A prospective, double-blind, randomized, 
placebo controlled trial of methotrexate in 
the treatment of giant cell arteritis (GCA). 
Clin Exp Rheumatol 2001; 19: 495-501.

 27. JOVER JA, HERNANDEZ-GARCIA C, MO-
RADO IC, VARGAS E, BANARES A, FERN-
ANDEZ-GUTIERREZ B: Combined treatment 
of giant-cell arteritis with methotrexate and 
prednisone. a randomized, double-blind, 
placebo-controlled trial. Ann Intern Med 
2001: 134: 106-14.

 28. CAMELLINO D, MORBELLI S, SAMBUCETI 
G, CIMMINO MA: Methotrexate treatment of 
polymyalgia rheumatica/giant cell arteritis-
associated large vessel vasculitis. Clin Exp 
Rheumatol 2010; 28: 288-9.

 29. RIMAR D, ROZENBAUM M, ZISMAN D et al.: 
Giant cell arteritis--the methotrexate debate 
revisited. J Rheumatol 2006; 33: 1458-9.

 30. ZACHARIADES N, SKOURA C, SPANOU A, 
MACHERA H: Temporal arteritis: report of a 
case. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2006: 102: 192-7.

 31. MOESCHLIN S: [Clinical demonstration of 
neurological cases. Temporal arteritis, diffuse 
vasculitis with polyneuritis, periarteritis no-
dosa, Behcet’s syndrome, “subclavian steal 
syndrome”, Wallenberg’s syndrome]. Sch-
weiz Med Wochenschr 1969; 99: 1632-40.

 32. REUTHER R, BETZ H: [Temporal arteritis 
with ischemic scalp and tongue necrosis]. 
Der Nervenarzt 1972; 43: 257-62.

 33. WENIG C, MEISER RJ: [Azathioprine in the 
treatment of arteriitis temporalis]. Der Ner-
venarzt 1975; 46: 453-7.

 34. LOVSCHALL S: [Azathioprine in the treat-
ment of temporal arteritis and polymyalgia 
rheumatica]. Ugeskrift for laeger 1977; 139: 
2618-20.

 35. DE SILVA M, HAZLEMAN BL: Azathioprine 
in giant cell arteritis/polymyalgia rheumat-
ica: a double-blind study. Ann Rheum Dis 
1986; 45: 136-8.

 36. GONZALEZ-GAY MA: The quest for the ide-
al therapy for giant cell arteritis. Rev Rhum 
Engl Ed 1995; 62: 539.

 37. INANC M, GUL A, TUZLALI S et al.: Female 
genital tract giant cell arteritis associated 
with occult temporal arteritis. J Rheumatol  
1996; 23: 393-5.

 38. PAPATHANASSIOU M, ELEZOGLU A, NIKITA 
E, THEODOSSIADIS PG, VERGADOS I: A rare 
case of peripheral ulcerative keratitis in tem-
poral arteritis. Eur J Ophthalmol 2009; 19: 
866-9.

 39. WAGNER A, ANNWEILER J, KRAUS E: 
[Clinical observations in patients with gi-
ant cell arteritis, temporal arteritis]. Die 
Medizinische Welt 1972; 23: 641-5.

 40. WENDLING D, HORY B, BLANC D: Cyclo-



S-128

REVIEW Treatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

sporine: a new adjuvant therapy for giant cell 
arteritis? Arthritis Rheum 1985; 28: 1078-9.

 41. PEREZ GARCIA C, SANCHEZ ALVAREZ J, 
HERREROS GONZALEZ J, MARAVI PETRI E: 
[The long-term treatment of Takayasu’s dis-
ease with cyclosporin]. Rev Clin Esp 1992; 
190: 470-1.

 42. SCHAUFELBERGER C, ANDERSSON R, NOR-
DBORG E: No additive effect of cyclosporin 
A compared with glucocorticoid treatment 
alone in giant cell arteritis: results of an 
open, controlled, randomized study. Br J 
Rheumatol  1998; 37: 464-5.

 43. HORIGOME H, KAMODA T, MATSUI A: 
Treatment of glucocorticoid-dependent 
Takayasu’s arteritis with cyclosporin. Med J 
Australia 1999; 170: 566.

 44. SCHAUFELBERGER C, MOLLBY H, UD-
DHAMMAR A, BRATT J, NORDBORG E: 
No additional steroid-sparing effect of cy-
closporine A in giant cell arteritis. Scand J 
Rheumatol 2006; 35: 327-9.

 45. MAAHS GS, FABRICIO DD: Tongue necro-
sis in a patient with cranial arteritis. Braz J 
otorhinolaryngol 2007; 73: 717.

 46. HABERHAUER G, KITTL EM, DUNKY A, 
FEYERTAG J, BAUER K: Beneficial effects 
of leflunomide in glucocorticoid- and meth-
otrexate-resistant Takayasu’s arteritis. Clin 
Exp Rheumatol 2001; 19: 477-8.

 47. KRAEMER B, ABELE H, HAHN M et al.: A 
successful pregnancy in a patient with Taka-
yasu’s arteritis. Hypertens Pregnancy 2008; 
27: 247-52.

 48. DAINA E, SCHIEPPATI A, REMUZZI G: 
Mycophenolate mofetil for the treatment of 
Takayasu arteritis: report of three cases. Ann 
Intern Med 1999; 130: 422-6.

 49. SHINJO SK, PEREIRA RM, TIZZIANI VA, 
RADU AS, LEVY-NETO M: Mycophenolate 
mofetil reduces disease activity and steroid 
dosage in Takayasu arteritis. Clin Rheuma-
tol  2007; 26: 1871-5.

 50. GOEL R, DANDA D, MATHEW J, EDWIN N: 
Mycophenolate mofetil in Takayasu’s arteri-
tis. Clin Rheumatol  2010; 29: 329-32.

 51. JIMENEZ-ALONSO J, NUNO E, MUNOZ-
AVILA J et al.: Cyclophosphamide failure in 
Takayasu’s disease. Drug Intell Clin Pharm 
1985; 19: 477.

 52. PENA SANCHEZ DE RIVERA JM, BARBADO 
HERNANDEZ FJ, REDONDO SANCHEZ C, 
VAZQUEZ RODRIGUEZ JJ: [Is cyclophos-
phamide useful in the treatment of giant cell 
arteritis?]. Med Clin (Barc) 1986; 86: 306.

 53. DE VITA S, TAVONI A, JERACITANO G, GEMI-
GNANI G, DOLCHER MP, BOMBARDIERI S: 
Treatment of giant cell arteritis with cyclo-
phosphamide pulses. J Intern Med 1992; 
232: 373-5.

 54. BUTTNER T, HEYE N, PRZUNTEK H: Tem-
poral arteritis with cerebral complications: 
report of four cases. Eur Neurol  1994; 34: 
162-7.

 55. RODRIGUEZ-HURTADO FJ, SABIO JM, LU-
CENA J, JIMENEZ-ALONSO J: Ocular in-
volvement in Takayasu’s arteritis: response 
to cyclophosphamide therapy. Eur J Med 
Res 2002; 7: 128-30.

 56. SIMON S, SCHITTKO G, BOSENBERG H, 
HOLL-ULRICH K, SCHWARZ-EYWILL M: 
[Fulminant course of a Takayasu’s arteritis 

and rare mesenteric arterial maninfestion].  
Z Rheumatol 2006; 65: 520, 2-6.

 57. OZEN S, DUZOVA A, BAKKALOGLU A et al.: 
Takayasu arteritis in children: preliminary 
experience with cyclophosphamide induc-
tion and corticosteroids followed by meth-
otrexate. J Pediatr 2007; 150: 72-6.

 58. HENES JC, MUELLER M, PFANNENBERG C, 
KANZ L, KOETTER I: Cyclophosphamide 
for large vessel vasculitis: assessment of 
response by PET/CT. Clin Exp Rheumatol 
2011; 29: S43-8.

 59. CALGUNERI M, COBANKARA V, OZATLI D 
et al.: Is visual loss due to giant cell arteritis 
reversible? Yonsei Med J 2003; 44: 155-8.

 60. LE GUENNEC P, DROMER C, SIXOU L, MARC 
V, COUSTALS P, FOURNIE B: [Treatment of 
Horton disease. Value of synthetic antimalar-
ials. Apropos of a retrospective study of 36 
patients]. Rev Rhum Ed Fr 1994; 61: 485-90.

 61. CANTINI F, NICCOLI L, SALVARANI C, PA-
DULA A, OLIVIERI I: Treatment of longstan-
ding active giant cell arteritis with inflixi-
mab: report of four cases. Arthritis Rheum 
2001; 44: 2933-5.

 62. ANDONOPOULOS AP, MEIMARIS N, DAOUS-
SIS D, BOUNAS A, GIANNOPOULOS G: Ex-
perience with infliximab (anti-TNF alpha 
monoclonal antibody) as monotherapy for 
giant cell arteritis. Ann Rheum Dis 2003; 62: 
1116.

 63. HOFFMAN GS, MERKEL PA, BRASINGTON 
RD, LENSCHOW DJ, LIANG P: Anti-tumor 
necrosis factor therapy in patients with dif-
ficult to treat Takayasu arteritis. Arthritis 
Rheum 2004; 50: 2296-304.

 64. UTHMAN I, KANJ N, ATWEH S: Infliximab 
as monotherapy in giant cell arteritis. Clin 
Rheumatol 2006; 25: 109-10.

 65. TATO F, RIEGER J, HOFFMANN U: Refrac-
tory Takayasu’s arteritis successfully treated 
with the human, monoclonal anti-tumor 
necrosis factor antibody adalimumab. Int 
Angiol 2005; 24: 304-7.

 66. DELLA ROSSA A, TAVONI A, MERLINI G et 
al.: Two Takayasu arteritis patients success-
fully treated with infliximab: a potential 
disease-modifying agent? Rheumatology 
(Oxford) 2005; 44: 1074-5.

 67. JOLLY M, CURRAN JJ: Infliximab-respon-
sive uveitis and vasculitis in a patient with 
Takayasu arteritis. J Clin Rheumatol 2005; 
11: 213-5.

 68. TANAKA F, KAWAKAMI A, IWANAGA N et 
al.: Infliximab is effective for Takayasu ar-
teritis refractory to glucocorticoid and meth-
otrexate. Intern Med 2006; 45: 313-6.

 69. KARAGEORGAKI ZT, MAVRAGANI CP, PA-
PATHANASIOU MA, SKOPOULI FN: Inflixi-
mab in Takayasu arteritis: a safe alternative? 
Clin Rheumatol 2007; 26: 984-7.

 70. TORRENTE SV, GUERRI RC, PEREZ-GARCIA 
C, BENITO P, CARBONELL J: Amaurosis in 
patients with giant cell arteritis: treatment 
with anti-tumour necrosis factor-alpha.      
Intern Med J 2007; 37: 280-1.

 71. HOFFMAN GS, CID MC, RENDT-ZAGAR KE 
et al.: Infliximab for maintenance of gluco-
corticosteroid-induced remission of giant 
cell arteritis: a randomized trial. Ann Intern 
Med 2007; 146: 621-30.

 72. MOLLOY ES, LANGFORD CA, CLARK TM, 

GOTA CE, HOFFMAN GS: Anti-tumour 
necrosis factor therapy in patients with re-
fractory Takayasu arteritis: long-term fol-
low-up. Ann Rheum Dis 2008; 67: 1567-9.

 73. FILOCAMO G, BUONCOMPAGNI A, VIOLA S 
et al.: Treatment of Takayasu’s arteritis with 
tumor necrosis factor antagonists. J Pediatr 
2008; 153: 432-4.

 74. EL-MATARY W, PERSAD R: Takayasu’s aorti-
tis and infliximab. J Pediatr 2009; 155: 151.

 75. MAFFEI S, DI RENZO M, SANTORO S, PUC-
CETTI L, PASQUI AL: Refractory Takayasu 
arteritis successfully treated with inflixi-
mab. Eur Rev Med Pharmacolog Sci 2009; 
13: 63-5.

 76. CALDERON R, ESTRADA S, RAMIREZ DE 
LA PISCINA P et al.: Infliximab therapy in a 
patient with refractory ileocolic Crohn’s dis-
ease and Takayasu arteritis. Rev Esp Enferm 
Dig 2010; 102: 145-6.

 77. KATOH N, KUBOTA M, SHIMOJIMA Y et al.: 
Takayasu’s arteritis in a patient with Crohn’s 
disease: an unexpected association during 
infliximab therapy. Intern Med 2010; 49: 
179-82.

 78. NUNES G, NEVES FS, MELO FM, DE CASTRO 
GR, ZIMMERMANN AF, PEREIRA IA: Taka-
yasu arteritis: anti-TNF therapy in a Brazil-
ian setting. Rev Bras Reumatol 2010; 50: 
291-8.

 79. BUONUOMO PS, BRACAGLIA C, CAMPANA 
A et al.: Infliximab therapy in pediatric 
Takayasu’s arteritis: report of two cases. 
Rheumatology Int 2011; 31: 93-5.

 80. OSMAN M, AARON S, NOGA M, YACYSHYN 
E: Takayasu’s arteritis progression on anti-
TNF biologics: a case series. Clin Rheuma-
tol  2011; 30: 703-6.

 81. GECSE K, RUZSA Z, NAGY F, WITTMANN T, 
MOLNAR T: Successful infliximab treatment 
in a patient with Takayasu arteritis associ-
ated with ulcerative colitis or migration does 
not override genetics. Inflamm Bowel Dis 
2011; 17: E69-70.

 82. MEKINIAN A, NEEL A, SIBILIA J et al.:         
Efficacy and tolerance of infliximab in re-
fractory Takayasu arteritis: French multi-
centre study. Rheumatology (Oxford) 2012. 

 83. COMARMOND C, PLAISIER E, DAHAN K et 
al.: Anti TNF-alpha in refractory Takayasu’s 
arteritis: Cases series and review of the lit-
erature. Autoimmunity reviews 2011. 

 84. BENUCCI M, MANFREDI M, PUCE F, ZUC-
CARINI S: [Improvement in visual acuity in 
a patient with ischaemic optic neuropathy 
(Horton arteritis) undergoing therapy with 
infliximab: a case report]. Recenti Prog Med 
2007; 98: 624-6.

 85. TAN AL, HOLDSWORTH J, PEASE C, EMERY 
P, MCGONAGLE D: Successful treatment of 
resistant giant cell arteritis with etanercept. 
Ann Rheum Dis 2003; 62: 373-4.

 86. SETON M: Giant cell arteritis in a patient 
taking etanercept and methotrexate. J Rheu-
matol 2004; 31: 1467.

 87. MARTINEZ-TABOADA VM, RODRIGUEZ-
VALVERDE V, CARRENO L et al.: A double-
blind placebo controlled trial of etanercept 
in patients with giant cell arteritis and corti-
costeroid side effects. Ann Rheum Dis 2008; 
67: 625-30.

 88. AHMED MM, MUBASHIR E, HAYAT S, FOW-



S-129

REVIEWTreatment of glucocorticosteroid-resistant large-vessel vasculitis / I. Kötter et al.

LER M, BERNEY SM: Treatment of refractory 
temporal arteritis with adalimumab. Clin 
Rheumatol 2007; 26: 1353-5.

 89. LEYDET-QUILICI H, LUC M, ARMINGEAT T, 
PHAM T, LAFFORGUE P: Giant cell arteritis 
during adalimumab treatment for rheumatoid 
arthritis. Joint Bone Spine 2007; 74: 303-4.

 90. NISHIMOTO N, NAKAHARA H, YOSHIO-
HOSHINO N, MIMA T: Successful treatment 
of a patient with Takayasu arteritis using a 
humanized anti-interleukin-6 receptor anti-
body. Arthritis Rheum 2008; 58: 1197-200.

 91. SEITZ M, REICHENBACH S, BONEL HM, 
ADLER S, WERMELINGER F, VILLIGER PM: 
Rapid induction of remission in large vessel 
vasculitis by IL-6 blockade. A case series. 
Swiss Med Wkly 2011; 141: w13156.

 92. BEYER C, AXMANN R, SAHINBEGOVIC E et 
al.: Anti-interleukin 6 receptor therapy as 
rescue treatment for giant cell arteritis. Ann 
Rheum Dis 2011; 70: 1874-5.

 93. SCIASCIA S, ROSSI D, ROCCATELLO D:      
Interleukin 6 blockade as steroid-sparing 
treatment for 2 patients with giant cell ar-
teritis. J Rheumatol 2011; 38: 2080-1.

 94. SALVARANI C, MAGNANI L, CATANOSO M 
et al.: Tocilizumab: a novel therapy for pa-
tients with large-vessel vasculitis. Rheuma-
tology (Oxford) 2012; 51: 151-6.

 95. BHATIA A, ELL PJ, EDWARDS JC: Anti-CD20 
monoclonal antibody (rituximab) as an ad-
junct in the treatment of giant cell arteritis. 
Ann Rheum Dis 2005; 64: 1099-100.

 96. MAYRBAEURL B, HINTERREITER M, BURG-
STALLER S, WINDPESSL M, THALER J: The 
first case of a patient with neutropenia and 
giant-cell arteritis treated with rituximab. 
Clin Rheumatol 2007; 26: 1597-8.

 97. HOYER BF, MUMTAZ IM, LODDENKEMPER 
K et al.: Takayasu arteritis is characterised 
by disturbances of B cell homeostasis and 
responds to B cell depletion therapy with 
rituximab. Ann Rheum Dis 2012; 71: 75-9.

 98. MORAGA, SICILIA JJ, BLANCO J, UBEDA I: 
Giant cell arteritis and renal amyloidosis: re-
port of a case. Clin Nephrol 2001; 56: 402-6.

 99. VOLTARELLI JC, OLIVEIRA MC, STRACIERI 
AB et al.: Haematopoietic stem cell trans-
plantation for refractory Takayasu’s arteritis. 
Rheumatology (Oxford) 2004; 43: 1308-9.

100. KOTTER I, DAIKELER T, AMBERGER C, 
TYNDALL A, KANZ L: Autologous stem cell 
transplantation of treatment-resistant sys-
temic vasculitis – a single center experience 
and review of the literature. Clin Nephrol 
2005; 64: 485-9.

101. DAIKELER T, KOTTER I, BOCELLI TYNDALL 
C et al.: Haematopoietic stem cell trans-
plantation for vasculitis including Behçet’s 
disease and polychondritis: a retrospective 
analysis of patients recorded in the European 
Bone Marrow Transplantation and European 
League Against Rheumatism databases and 
a review of the literature. Ann Rheum Dis 
2007; 66: 202-7.

102. ARNAUD L, HAROCHE J, LIMAL N et al.: 
Takayasu arteritis in France: a single-center 
retrospective study of 82 cases comparing 
white, North African, and black patients. 
Medicine 2010; 89: 1-17.

103. BICAKCIGIL M, AKSU K, KAMALI S et al.: 
Takayasu’s arteritis in Turkey – clinical and 

angiographic features of 248 patients. Clin 
Exp Rheumatol 2009; 27: S59-64.

104. PARK MC, LEE SW, PARK YB, CHUNG NS, 
LEE SK: Clinical characteristics and out-
comes of Takayasu’s arteritis: analysis of 
108 patients using standardized criteria for 
diagnosis, activity assessment, and angi-
ographic classification. Scand J Rheumatol 
2005; 34: 284-92.

105. SATO EI, LIMA DN, ESPIRITO SANTO B, 
HATA F: Takayasu arteritis. Treatment and 
prognosis in a university center in Brazil. 
Int J Cardiol 2000; 75 (Suppl. 1): S163-6.

106. MAHR AD, JOVER JA, SPIERA RF et al.: Ad-
junctive methotrexate for treatment of gi-
ant cell arteritis: an individual patient data 
meta-analysis. Arthritis Rheum 2007; 56: 
2789-97.

107. MARTINEZ-LADO L, CALVINO-DIAZ C, PIN-
EIRO A et al.: Relapses and recurrences in 
giant cell arteritis: a population-based study 
of patients with biopsy-proven disease from 
northwestern Spain. Medicine 2011; 90: 186-
93.

108. LEE JL, NAGUWA SM, CHEEMA GS, GERSH-
WIN ME: The geo-epidemiology of temporal 
(giant cell) arteritis. Clinical Rev Allergy  
Immunol 2008; 35: 88-95.

109. WATTS R, AL-TAIAR A, MOONEY J, SCOTT 
D, MACGREGOR A: The epidemiology of 
Takayasu arteritis in the UK. Rheumatology 
(Oxford) 2009; 48: 1008-11.

110. PAGNOUX C, MAHR A, HAMIDOU MA et al.: 
Azathioprine or methotrexate maintenance 
for ANCA-associated vasculitis. New Engl 
J Med 2008; 359: 2790-803.

111. REINHOLD-KELLER E, DE GROOT K: Use of 
methotrexate in ANCA-associated vasculit-
ides. Clin Exp Rheumatol 2010; 28: S178-
82.

112. DE GROOT K, MUHLER M, REINHOLD-KEL-
LER E, PAULSEN J, GROSS WL: Induction of 
remission in Wegener’s granulomatosis with 
low dose methotrexate. J Rheumatol 1998; 
25: 492-5.

113. BRAUN J, KASTNER P, FLAXENBERG P et al.: 
Comparison of the clinical efficacy and safety 
of subcutaneous versus oral administration of 
methotrexate in patients with active rheuma-
toid arthritis: results of a six-month, multi-
center, randomized, double-blind, controlled, 
phase IV trial. Arthritis Rheum 2008; 58: 73-
81.

114. HOEKSTRA M, HAAGSMA C, NEEF C, 
PROOST J, KNUIF A, VAN DE LAAR M: Bio-
availability of higher dose methotrexate 
comparing oral and subcutaneous adminis-
tration in patients with rheumatoid arthritis. 
J Rheumatol 2004; 31: 645-8.

115. SALVARANI C, PIPITONE N: Treatment of 
large-vessel vasculitis: where do we stand? 
Clin Exp Rheumatol 2011; 29: S3-5.

116. SPIES CM, BURMESTER GR, BUTTGEREIT 
F: Methotrexate treatment in large vessel 
vasculitis and polymyalgia rheumatica. Clin 
Exp Rheumatol 2010; 28: S172-7.

117. HOUSSIAU FA, D’CRUZ D, SANGLE S et al.: 
Azathioprine versus mycophenolate mofetil 
for long-term immunosuppression in lu-
pus nephritis: results from the MAINTAIN 
Nephritis Trial. Ann Rheum Dis 2010; 69: 
2083-9.

118. GINZLER E, SHARON E, DIAMOND H, KAP-
LAN D: Long-term maintenance therapy with 
azathioprine in systemic lupus erythemato-
sus. Arthritis Rheum 1975; 18: 27-34.

119. YAZICI H, PAZARLI H, BARNES CG et al.:         
A controlled trial of azathioprine in Behcet’s 
syndrome. New Engl J Med 1990; 322: 281-5.

120. HAMURYUDAN V, OZYAZGAN Y, HIZLI N 
et al.: Azathioprine in Behçet’s syndrome: 
effects on long-term prognosis. Arthritis 
Rheum 1997; 40: 769-74.

121. LANGFORD CA: Cyclophosphamide as in-
duction therapy for Wegener’s granuloma-
tosis and microscopic polyangiitis. Clin Exp 
Immunol 2011; 164 (Suppl. 1): 31-4.

122. HATEMI G, SILMAN A, BANG D et al.:        
EULAR recommendations for the manage-
ment of Behcet disease. Ann Rheum Dis 
2008; 67: 1656-62.

123. AUSTIN HA, 3RD, KLIPPEL JH, BALOW JE et 
al.: Therapy of lupus nephritis. Controlled 
trial of prednisone and cytotoxic drugs. New 
Engl J Med 1986; 314: 614-9.

124. HOUSSIAU FA, VASCONCELOS C, D’CRUZ 
D et al.: The 10-year follow-up data of the 
Euro-Lupus Nephritis Trial comparing low-
dose and high-dose intravenous cyclophos-
phamide. Ann Rheum Dis 2010; 69: 61-4.

125. HOUSSIAU FA, D’CRUZ DP, HAGA HJ, HUGH-
ES GR: Short course of weekly low-dose 
intravenous pulse cyclophosphamide in the 
treatment of lupus nephritis: a preliminary 
study. Lupus 1991; 1: 31-5.

126. RADIS CD, KAHL LE, BAKER GL et al.:Ef-
fects of cyclophosphamide on the develop-
ment of malignancy and on long-term sur-
vival of patients with rheumatoid arthritis. 
A 20-year follow-up study. Arthritis Rheum 
1995; 38: 1120-7.

127. TYNJALA P, LINDAHL P, HONKANEN V, 
LAHDENNE P, KOTANIEMI K: Infliximab 
and etanercept in the treatment of chronic 
uveitis associated with refractory juvenile 
idiopathic arthritis. Ann Rheum Dis 2007; 
66: 548-50.

128. TARKIAINEN M, TYNJALA P, VAHASALO P, 
LAHDENNE P: Occurrence of inflammatory 
bowel disease in four patients with juvenile 
idiopathic arthritis receiving etanercept or inf-
liximab. Scand J Rheumatol  2011; 40: 150-2.

129. ROSENSTIEL P, AGNHOLT J, KELSEN J et al.: 
Differential modulation of p38 mitogen ac-
tivated protein kinase and STAT3 signalling 
pathways by infliximab and etanercept in in-
testinal T cells from patients with Crohn’s dis-
ease. Gut 2005; 54: 314-5; author reply 6-6.

130. LUQMANI R: Treatment of polymyalgia 
rheumatica and giant cell arteritis: are we 
any further forward? Ann Intern Med 2007; 
146: 674-6.

131. FIELD M, COOK A, GALLAGHER G: Im-
muno-localisation of tumour necrosis factor 
and its receptors in temporal arteritis. Rheu-
matology Int 1997; 17: 113-8.

132. WEYAND CM, GORONZY JJ: Medium- and 
large-vessel vasculitis. New Engl J Med 
2003; 349: 160-9.

133. AYDIN SZ, YILMAZ N, AKAR S et al.: Assess-
ment of disease activity and progression in 
Takayasu’s arteritis with Disease Extent In-
dex-Takayasu. Rheumatology (Oxford) 2010; 
49: 1889-93.


