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Need and value of targeted
immunosuppressive therapy in giant

cell arteritis

Maria Sandovici @@ , Niels van der Geest

Elisabeth Brouwer

ABSTRACT

Despite the heterogeneity of the giant cell arteritis (GCA)
at the level of clinical manifestations and the cellular and
molecular players involved in its pathogenesis, GCA is

still treated with standardised regimens largely based on
glucocorticoids (GC). Long-term use of high dosages of
GC as required in GCA are associated with many clinically
relevant side effects. In the recent years, the interleukin-6
receptor blocker tocilizumab has become available as

the only registered targeted immunosuppressive agent in
GCA. However, immunological heterogeneity may require
different pathways to be targeted in order to achieve a
clinical, immunological and vascular remission in GCA. The
advances in the targeted blockade of various molecular
pathways involved in other inflammatory and autoimmune
diseases have catalyzed the research on targeted therapy
in GCA. This article gives an overview of the studies with
targeted immunosuppressive treatments in GCA, with a
focus on their clinical value, including their effects at the
level of vascular inflammation.

INTRODUCTION

Giant cell arteritis (GCA) is the most preva-
lent inflammatory disease of medium size
and large arteries affecting almost exclu-
sively people older than 50 years of age. GCA
is regarded as a spectrum of diseases, from
cranial (C)-GCA, to large vessels (LV)-GCA
and combinations thereof, with or without
features of polymyalgia rheumatica (PMR).'
GCA can be a serious debilitating disease,
with acute ischaemic complications such as
sight loss and stroke due to vascular inflam-
mation and stenosis, and dissection of aorta
due to formation of an aneurysm.

Despite the huge impact of the disease on
the quality of life of the patients with GCA,
the therapeutic options available for GCA
are yet very limited. Standardised treatment
of GCA consists of high dose glucocorticoids
(GC) to induce remission, followed by a long-
term, gradual tapering regimen to maintain
remission. Despite of chronic GC use with

, Yannick van Sleen @,

» The interleukin-6 receptor blocker tocilizumab is the
only registered targeted immunosuppressive agent
in giant cell arteritis (GCA), being effective in about
the half of the treated patients.

» The targeted inhibition of various immunological
pathways are currently being tested in GCA.

» Future studies with targeted immunosuppressive
agents in GCA should include both evaluation of
clinical and immunological parameters in addition to
multiple vascular imaging modalities.

their well-known side effects? vascular inflam-
mation is not always adequately controlled”
and up to 75% of GCA patients experience
relapses.4 Powerful GC-sparing medication
and a better control of the disease activity and
secondary damage with disease modifying
drugs remain thus important unmet needs in
GCA.

Several attempts have been made to achieve
a GGCsparing effect using conventional
synthetic immunosuppressive agents. The
pooled analysis of individual patient data’ of
three randomised controlled trials (RCTs)
(a total of 161 patients) comparing addition
of a low to moderate dose of methotrexate
(7.5-15mg/week) vs placebo, revealed a
modest decreased risk of relapses in the
patients receiving methotrexate, higher rates
of GC-ree remission and lower cumulative
GC doses. In this meta-analysis, the number
of patients needed to treat with methotrexate
to prevent a first relapse is 3.6. Therefore,
methotrexate may be used as an adjunctive
therapy in GCA patients at high risk of GC
toxicity or relapsing patients.6 There is until
now insufficient evidence for efficacy of any
other conventional synthetic immunosup-
pressive agent.® The advances in the patho-
physiological knowledge regarding GCA and
the plethora of targeted drugs becoming
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Schematic representation of the most important cellular players in the immunopathogenesis of giant cell arteritis

(GCA) (D, dendriticcell, M, monocyte/macrophage, T, Tcell, B, Bcell), their cytokine/soluble products and the potential targets
and tools of therapeutic intervention in GCA. Created with BioRender.com. CD, cluster of differentiation; IFN, interferon; IL,
interleukin; JAK, Janus kinase; GM-CSF, granulocyte-macrophage colony-stimulating factor; TNF, tumour necrosis factor.

available for other autoimmune diseases, have catalysed
the research on targeted therapy in GCA. This article
gives an overview of the studies with targeted biological
and synthetic immunosuppressive agents in GCA.

POTENTIAL CELLULAR AND MOLECULAR TARGETS OF IMMUNE
INTERVENTION IN GCA

GCA is a granulomatous vasculitis that is postulated
to start with the activation of the resident adventi-
tial dendritic cells (DC).7 This results in a chemokine-
mediated influx of T cells, monocytes and B cells in the
vessel wall that perpetuate and amplify the local inflam-
matory cascade (figure 1). Through interaction with the
resident vascular cells which trigger remodelling and
neoangiogenesis, this uncontrolled immune process will
eventually jeopardise the architecture of the vessel wall.
DC stimulate T cells with their cognate peptides bound
to MHC class II molecules, costimulatory molecules (ie,
CD80/CD86) and cytokines. Among these cytokines,
interleukin (IL)-12 promotes the CD4 +T helper 1 (Thl)
cell response with production of interferon (IFN)-y,
whereas IL-1B, IL-6 and IL-23 favour the expansion of
CD4 +T helper 17 (Th17) cells which produce IL-17.*°
The Janus kinase-signal transducer and activator of tran-
scription (JAK-STAT) signalling plays an important role
in multiple cytokine pathways, including the Thl and
Th17 response.10 Another key cellular player in GCA is
the macrophage. Macrophages are activated by IFN-y
producing T cells and produce tumour necrosis factor
(TNF)-0. and 1L-6."' ' An important factor controlling
the macrophage phenotype is granulocyte-macrophage
colony-stimulating factor (GM-CSF). GM-CSF is actively
produced in temporal artery (TA) biopsies of GCA
patients.'”” GM-CSF-skewed, CD206+MMP9+ macrophages

in the TA express high levels of YKI.-40 which may stimu-
late tissue destruction and angiogenesis through IL-13re-
ceptor 02 signalling.'* Targeting GM-CSF or YKL-40 may
thus inhibit macrophages that are currently insufficiently
suppressed by GC. B cells are present in the adventitia
and media of both TA and aorta GCA, where they can
organise in tertiary lymphoid organs.15 16 B cells them-
selves can produce several pro-inflammatory cytokines
such as IL-6, TNF-o. and GM-CSF."”

Taken together, GCA is a heterogeneous disease, not
only clinically but also at the level of pathogenic cellular
and molecular pathways,18 possibly requiring different
immunosuppressive agents in order to achieve a clinical,
immunological and vascular remission.

TARGETED THERAPY IN GCA
Table 1 gives an overview of the prospective clinical trials
with targeted immunosuppressive agents in GCA.

CYTOKINE-TARGETING

TNF-o inhibitors

In a phase 2 RCT including 44 new-onset GCA patients
infliximab therapy did not increase the proportion
of patients without relapse at week 22 compared with
placebo." An RCT including 70 new-onset GCA patients
treated with adalimumab or placebo also failed to achieve
its primary end point of being in remission on less than
0.1 mg/kg of prednisone at week 26.*” An RCT with etan-
ercept in 17 new-onset and relapsing patients did show a
GC-sparing effect,” however, the primary outcome being
GC-ree remission at 12 months was not met.

IL-6 and IL-6 receptor inhibitors
Villiger et al’® reported the results of a single centre, phase
2, RCT with tocilizumab (an IL-6 receptor blocker) in

2

Sandovici M, et al. RMD Open 2022;8:¢001652. doi:10.1136/rmdopen-2021-001652

“ybuAdoo Aq parosioid 1sanb Aq zzoz ‘v'T Areniga- uo jwod fug uadopuwiy/:dny woly papeojumoq "Z2z0oz Areniga4 TT U0 gG9T00-TZ02-uadopwi/9eTT 0T Se payslgnd 1sii :uado ANy


http://rmdopen.bmj.com/

RMD Open: first published as 10.1136/rmdopen-2021-001652 on 11 February 2022. Downloaded from http://rmdopen.bmj.com/ on February 14, 2022 by guest. Protected by copyright.

Vasculitis

panuiuon
pasiwopuel
6700=d ow gz} (6%) MMZ| Je usy} ‘[age|
% LS SA %8 1B 81kl [BAIANS Buisdejoy -uado By/6w Q| 24/
ow gzl S3JA  oou-esdepy  JOSUO-MON 066140V Jadel ymgg ‘Al }deoeleqy 104 199 L 18 plojbuen]
AM /X Lusy}
AMEE 18 (09) ‘v'e'cLodmIe
%02 SA %0/ ©}eJ Uoissiwal Buisdejoy +Buibew ogeaoe|d 40 Bw g oel®
AMES S3A psuleisng  19suo-meN J0 066 IOV Jade} %mog '0’S qewnupnosg 104 (V)21 18 Hoyuap
MM ES e € +Buibewl/gyL ¥ ‘9€ ‘82 ‘0¢
pajeulw.a} %Eg 9lel uoIssiwal Buisdejey pue swoldwAs Jadelymig ‘2L ‘v ‘0 M 1e Bw e ezl cel®
Ales ymzg ON 994-05  }OSUO-MON -HINd 40 VOO + Rep/bw 09-02 "0'S qewnupelsn  [9ge|-usdo /211 e ezie
AMeS
100°0>d Aep 1e 8sop OB SA AMEL/X |
/Bw G SA 0g gewnuyaisn 01 (s2) +Buibew Jadel pJepueis+Aep  uayl ‘¢ ‘0 M e Bw Qg ezl gel®
AMeS S3A Joud esop 09 Buisdejey 10 066 LHOV /Bw 0z uelpsy "0's qewnupelsn  [9ge|-usdo /2111 38 Remuo)
+Buibew
AMZG payoeal AMEG 1e (1ot /aVvL pue oluijo
pajeullllel %P /L AlUQ  oed uoissiwal Buisdejoy YINd 40 [elueID pue Jadey piepuels+Aep 0el®
Ales smzg Jesjoun psuleisng  19suo-meN d40/4S3 ubiH /BWE9-0g  Sw.e 81y} qewnynIS 104 9-11 18 ipluyos
AMLTLE
:uojssiwal
isdyy 0} +13d 40 + gvL skep g Buunp Mm/X | Bwggl -o's
awil ueaw sAep g ulyum (|1) pue ‘A1 duojosiupaid  Ag pamoj|o) By/Bwigx | odl®
AMeS ON uoissiwey  18SUo-MaN HINd ‘066 L HOV -lAyrew Bw g ‘ANl qewnzijiool  [9qel-uedQ 91l 18 1suyd
o10]
MM 9g ogaoe|d 05 MM g6+ ogaoeld
Buueds Do sA dnoub D5 ¥MQgg+ ogeoe|d
100°0>d %L ZJ1 yoes ul 0D IMOc+ MIMe/X |
SA %EG  MMgG je djel (1s2) +13d 40 + gvl 0D Mg+ MM/X |
pue %96 uoIssiwal Buisdejoy pue Jade} 3ymgg 10-92 :swe Jnoy Bw gg | cl®
AMeS S3IA 93J)-0D  19SUO-MaN HINd ‘066 OV + Aep/Bw 09-02 *0°'S qewnzl|ioo] 104 9-1I 18 8U0lS
¥meglL ye Aep
Buueds Do /Bx/Bw |0 J0
€0'0=d esopOHele (0¢€) +VHIN 0 oliedel+g| MM G [UN MM /X |
%01 SA %G8 9}eJ UoISSIwal Buisdejoy Jo+ gyl Im Ag Aep/By/bw L0 ogaoe|d Jo 6y/6w g 228
M ZG S3aA o19|dwoy  jesuo-maN pue 066140y  oiJeder+Aep/By/Bw | "Nl qewnz||ioo]. 104 911 18 J48BI|IA
dn-mojjo} (ON/S3A) juiod (N 1e103) eLaIo Jadey/ juabe QOU3pPINS jobie]  uosuods
Jo uoneing jow uiod  pus Aewiid abels uolneolsse|) abesop uels 9  aaissaisddnsounwiwig JO |9na7 /ioyine
pus Atewiid aseasiq pajabie] Apnig
(VOD) siuaue (190 juelb ul sjusbe anissaiddnsounwiw pajabiel yium saipnis aAinoadsoid sy} Jo maInBAQ | dlgelL

Sandovici M, et al. RMD Open 2022;8:001652. doi:10.1136/rmdopen-2021-001652


http://rmdopen.bmj.com/

RMD Open: first published as 10.1136/rmdopen-2021-001652 on 11 February 2022. Downloaded from http://rmdopen.bmj.com/ on February 14, 2022 by guest. Protected by copyright.

(€0)

RMD Open

MoaM MM {10}OB} S|SOI08U

Jnown} 4N ‘gewnzijiool ‘79 ] ‘Asdoiq Asepe [eJjodwal ‘gy] ‘snosueinogns “o's {S3y SNoWss ‘JyS {[eu} Pa|0Juod pasiwopuel ‘| DY ‘eonewnayd eibjeAwAjod ‘YN ‘AydesBouwloy uoissiwe
uosysod ‘134 ‘e|qewniss jou ‘gN ‘Aydesboibue YN ‘WHIN ‘Yuow ‘ow ‘Ajsnousaesiul “A’l iSpI0210009N|B ‘DY) {81el uolreluswipas 91A00ay1hie ‘YST (ulejoid aAljoBal O dHD ‘SIUSAS 9SISAPE ‘Y

Buueds-0n  syuow g| ie (1)
%22 SA %0G 9.l UOISSIWSI Buisdejoy Jade) piepueis+Aep ogaoe|d Jo Ym/x g Bw Gg 128
ow gl ON 99J)-05  19SUO MON +avL /BW G| ueIpaN "0's 1daoJsue)] 104 0-4NL 10 Zaulyen
Bueds
0D ON AMOg 1e
oy'0=d 0p By/Bw |0 ymQL Buunp ogeoed
%05 SA %65 uey} sss| uo (02) +gvl Ajped Jadey piepuels+Aep Jomyg/x | Bw oy 02l®
IM9g ON ©®jeluoissiwegy  }9SUO MeN 066 40V /B3/Bw £°0 '0'S qewnuiiiepy 104 0-4NL Je Joseg
Buneds
-09 ON
G9°0=d MM ZZ WM /X | Uay)
paleulwId}  9%Q0G SA %St ybnoiy a1e. (1) Jadel 9 ‘g ‘0 Yeam 1e ogaoe|d ol
Aues ymzz ON ©oi-asdeley  }osuo meN 066140V  Mgz+Aep/Bw 9-0f 10 B/Bw G Al qewxijyu] 104 0-4NL }o UBWiOH
9¢
Moam AqQ ale))
€920°0=d pajeoipn(pe (02) ogeoe|d
MM L°Gg SA 3N 1sipor  Buisdeey Jadey 1o mg/x | Bw gL
Moz S3A awnoeyl jesuo-meN +buibewrto + gyl ymog+Aep/Bw 09-0g "0'S qEWNWILABIA 104  4S0-WD /BP0
(3vs pue 3y
10 Aouanbauy) (1) Jade) pJepueis+Aep Aep/Bwi 7 iz
AMeS S3AA INETS Buisdejey +buibewl Jo + gy /Bwog-0L quuioleg  [ege|-uedQ S/LVE 19 181S0y
dn-mojjoy (ON/S3A) julod (N 1e103) eLIa}Io Jadey/ juabe 9oUdPINS 1961e]l  Josuods
Jo uoneing 1w uiod  pus Aewnd abels uoljeolyisse|) abesop uels 9y  aaissaiddnsounwiwi JO |9Aa7 /ioyine
pua Aewld aseasiq palebie] Apnig
psnuijuod | 9|qeL

Sandovici M, et al. RMD Open 2022;8:¢001652. doi:10.1136/rmdopen-2021-001652


http://rmdopen.bmj.com/

8 Vasculitis

GCA. Patients with new-onset (n=23) or relapsing (n=7)
disease received either tocilizumab intravenously or
placebo until week 52 in combination with a predefined
GC regime. The primary outcome being the complete
remission rate at a prednisolone dose of 0.1 mg/kg/day
at week 12 was met (85% vs 40% in the tocilizumab and
placebo group, respectively, p=0.03). The complete remis-
sion rate at week 52 also strongly favoured tocilizumab
(85% vs 20%, p=0.001). The treating physicians were not
blinded for C reactive protein (CRP)/erythrocyte sedi-
mentation rate (ESR). There were no safety issues. This
was the first RCT with tocilizumab in GCA pointing out
the efficacy of this drug in combination with GC. In a
follow-up study approximately half of the GCA patients
(9/17) remained in lasting remission after discontinua-
tion of tocilizumab. The rest of the GCA patients relapsed
after a mean time of 6.4 (range 2-14) months during the
total 44 months follow-up. In this small study none of the
relapses was accompanied by new vascular complications.

This phase 2 study was followed by the Giant Cell Arte-
ritis Actemra (GIACTA) trial in 2017%: a multicentre,
double-blind, placebo controlled, phase 3 trial with tocili-
zumab. In this study 251 patients with either new-onset
(119) or relapsing GCA (132) were randomly assigned,
in a 2:1:1:1 ratio, to one of the following arms: (1) subcu-
taneous (s.c.) tocilizumab (162mg) 1x/week combined
with 26-week GC taper; (2) tocilizumab s.c. 1x/2week
combined with 26 week GC taper; (3) placebo combined
with a 26-week GC taper; (4) placebo combined with a
52-week GC taper. The primary outcome, being the rate
of sustained GC-Aree remission at week 52 in arm 1 and
2 as compared with arm 3 was clearly achieved (56%
and 53% in arm 1 and 2, respectively, vs only 14% in
arm 3, p<0.001). The treating physicians were blinded
for CRP/ESR. In a sensitivity analysis that excluded the
requirement for a normalised CRP from the definition of
sustained remission, the percentage of GC-free remission
was 59% vs 20% in the first and third arm, respectively.
The relapse rate was 23% and 26% in arm 1 and 2 as
compared with 68% and 49% in arm 3 and 4, respectively.
The number of GCA patients needed to treat with tocili-
zumab Ix/week during 52 weeks in order to prevent one
relapse is 2.2. Most GCA relapses (72%) occurred while
patients were still receiving GC, with more than one-fifth
of relapses occurring in patients receiving >10mg/day
prednisolon.** In the 2year follow-up of the GIACTA
study,” 215 of the initial 251 patients were included. No
new adverse event(AE) were reported over the 3-year
follow-up period. Of the 59 patients in GC-free remis-
sion in arm 1 at the end of GIACTA, 25 (42%) main-
tained tocilizumab-free and GC-ree clinical remission, as
compared with 8 of the 36 (29%) in the follow-up of arm
2. After 3 years of total follow-up, the use of GC was 33%
lower in the patients initially treated in arm 1 as compared
with arm 2. In relapsing patients, tocilizumab-based regi-
mens restored clinical remission after (median): 15 days
for tocilizumab alone, 16 days for tocilizumab +GCand
54 days for GC alone. Whether a GCAree induction of

remission was possible with tocilizumab was not yet clear.
To address this question, a recent investigator-initiated,
single-arm, open-label trial included 18 new-onset GCA
patients who received 500 mg methylprednisolone intra-
venously for three consecutive days, combined with a
single infusion of tocilizumab (8 mg/kg), followed by
tocilizumab s.c. 1x/week.*® The primary endpoint of
an early remission at 4 weeks was not reached. Anterior
ischaemic optic neuropathy occurred in one patient with
extensive atherosclerosis at day 15. This proof-of concept
study does not support an induction of remission with
tocilizumab monotherapy.

In GIiACTA, tocilizumab improved clinical outcomes
regardless of the clinical phenotype (C-GCA only, PMR
only or both).?”” Baseline parameters predicting treat-
ment failure in the tocilizumab/GC group included
female sex, lower GC doses and worse patient reported
outcome measures.” In a daily practice study, tocili-
zumab improved GCA clinical outcomes significantly and
demonstrated effectiveness in the subgroups of patients
with PMR symptoms and GCA-related visual manifesta-
tions at GCA diagnosis.”

Trials with the anti-IL-6 monoclonal antibody siru-
kumab® and another anti-IL6 receptor monoclonal
antibody sarilumab (NCT03600805) were prematurely
terminated due to sponsor decision or slow inclusion rate
caused by COVID-19 pandemic, respectively.

The clear positive results of the GIACTA study set
the stage for the rapid approval of tocilizumab for the
treatment of GCA by both US and European regula-
tory authorities in 2017. The use of tocilizumab in GCA
is currently recommended by clinical guidelines espe-
cially in patients at high risk of GC toxicity or relapsing
patients’ *' but more recently also in new-onset GCA.”
Less clear is what is the optimal duration of tocilizumab
treatment in GCA. The available follow-up data® *
show that approximately half of the patients in clinical
remission after lyear of treatment maintain long-term
treatment-free remission. Based on these data we recom-
mend discontinuation of tocilizumab treatment after
lyear, followed by close monitoring especially during
the first 6 months. Alternatively, the dosage of tocili-
zumab may be gradually decreased. In relapsing patients,
combined tocilizumab-GC-based regimens are expected
to restore clinical remission within 2-3 weeks.

As tocilizumab is not effective in half of the treated
patients and as there are also contra-indications for or rele-
vant side effects of tocilizumab (especially serious infec-
tions, leucopenia but also hypercholesterolaemia),” ** %
the search for alternative treatments in GCA is ongoing.

IL-1 inhibitors

Anakinra is a blocker of the interleukin-1-type 1 receptor
(IL-1R1), whereby the biological activity of IL-lot and
IL-1B is inhibited. Two case series including a total of nine
patients with refractory GCA™* showed efficacy of anak-
inra 100mg/day as reflected by clinical and biochem-
ical improvement accompanied by either resolution
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or decrease of vascular inflammation on 18F-fluoro-
deoxyglucose positron emission tomography (18FDG-
PET) scan.** ® The GCA and Anakinra Trial (GiAnT,
NCT02902731) is currently recruiting patients. An RCT
with the IL-1 blocker gevokizumab initiated in 2014 was
prematurely discontinued due to the slow inclusion rate.

IL-17 inhibitors

Recently, a multicentre, phase 2 RCT exploring the effi-
cacy and safety of secukinumab compared with placebo
in combination with an open label GC taper regimen was
completed. Fifty patients were randomised (1:1) to either
300mg secukinumab or placebo s.c. during 52weeks
combined with a 26-week GC taper regimen. The primary
endpoint, being the proportion of patients in sustained
remission until week 28 in secukinumab vs placebo was
met (70.1% vs 20.3%, respectively). At 52 weeks, 59.3%
vs 8.0% of the patients were still in sustained remission.”
Secukinumab was well-tolerated. A phase 3 study with
secukinumab (NCT04930094) was designed but not
started recruiting yet.

IL-12/IL-23 inhibitors

In a proof-of concept, prospective, open-label study,
ustekinumab showed a GC-sparing effect in 14 patients
with refractory GCA.” In a prospective, open-label study,
25 patients with relapsing-refractory GCA received usteki-
numab 90 mg every 12 weeks.” Ustekinumab significantly
reduced the GC dose from a median of 20mg (15 25) to
5 (2.5, 5) mg daily at week 52 (p<0.001). There were no
relapses in the ustekinumab group. Approximately one-
fourth of the patients was able to stop the GC completely.
There were no unexpected AE. Two of five patients who
stopped the treatment had subsequently a PMR relapse
without apparent GCA relapse. In another prospective,
open-label trial, inclusion of 20 patients with either new-
onset or relapsing GCA treated with ustekinumab was
initially planned. All patients received a 24-week GC taper
and ustekinumab 90 mg till week 52.* Surprisingly, only
three patients achieved the primary endpoint which was
GC-ree remission rate at week 52. The study was prema-
turely terminated after 7 of the initial 10 patients had
relapsed. One serious AE (SAE) occurred. The discrep-
ancy of the outcome of these two trials may be related
to differences in the study design. Currently, the Usteki-
numab for the Treatment of Relapse of Refractory Giant
Cell Arteritis trial is recruiting patients (NCT03711448).
The IL-23 receptor blocker guselkumab is currently also
being investigated in a phase 2 trial (NCT04633447).

GM-CSF inhibition

The preliminary results of a phase 2 RCT with mavrili-
mumab (an anti-GM-CSF-Rot monoclonal antibody)
were recently presented.”’ Seventy active GCA patients
received either 150 mg mavrilimumab (n=42) or placebo
(n=28) s.c. every 2 weeks. Primary endpoint was the
time to first adjudicated flare by week 26. Median time
to flare by week 26 could not be estimated (NE) in

the mavrilimumab group due to too few events, NE vs
25.1week in mavrilimumab and placebo group, respec-
tively, p=0.0263. Sustained remission at week 26 occurred
in 83.2% vs 49.9% (mavrilimumab vs placebo, p=0.0038).
Results were consistent across disease type subgroups. No
vision loss occurred. AE and SAE did not differ between
the groups.

Targeting JAK-STAT signalling

In a recent phase two, open-label study, 15 patients with
relapsing GCA were treated with 4 mg baricitinib daily for
52 weeks in addition to a standardised GC taper.*’ The
primary endpoint was the safety of treatment. At week 52,
14/15 (93%) patients had at least one AE, mostly infec-
tions. Only 1 of 14 (7%) patients relapsed during the
study. The remaining 13 patients achieved stable GC-free
remission at week 52. Another RCT with upadacitinib
(NCT03725202) is ongoing.

Targeting T cell activation

Abatacept is a soluble CTLA4Ig fusion protein that binds
to CD80 and CD86 on antigen-presenting cells, thereby
inhibiting the activation of T cells. Forty-nine GCA
patients were initially all treated with abatacept 10mg/kg
intravenously on days 1, 15 and 29 and week 8* in combi-
nation with a 28-week GC taper. At week 12, patients
in remission (n=41) were assigned to either abatacept
monthly (n=20) or placebo (n=21). The primary end
point, being the relapse-free survival rate at 12 months
was met (48% abatacept vs 31% placebo; p=0.049). There
were no safety issues. A longer duration of remission was
seen in abatacept vs placebo group (median duration 9.9
vs 3.9 months; p=0.023). These promising results led to
the design of the ABAGART trial (NCT04474847) which
is ongoing.

In a prospective, open-label study, 33 biopsy-proven
GCA patients were randomised to receive either tocili-
zumab (intravenously 8 mg/kg/month or s.c. 162mg/
week) or abatacept (s.c. 125mg/week) in addition to
GC.* All patients in the tocilizumab intravenously group
experienced a response (57% complete response and
43% partial response) vs tocilizumab s.c. 83% and abata-
cept 62%. After 12 months of therapy, 100% of patients
in the tocilizumab groups and 43% of abatacept group
were receiving doses of prednisone lower than 7.5mg/
day.

Targeting B cells, rituximab (anti-CD20)

There is one case report describing efficacy of B-cell
depletion therapy in a patient with relapsing GCA™M
Another case report describes the use of rituximab in a
neutropenic patient with GCA, however, no data on the
effectiveness of rituximab is provided.” There is yet no
clinical trial with rituximab in GCA.

In summary, from the targeted immunosuppres-
sive agents employed in clinical studies in GCA, strong
evidence for a beneficial clinical effect exists so far only
for tocilizumab. Secukinumab, ustekinumab, anakinra,
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mavrilimumab, abatacept, the JAK-STAT inhibitors and
rituximab remain promising therapeutic tools but they
still have to prove their value before finding their way to
the daily clinical practice in GCA. The TNF-o. blockers
have failed that path.

EFFECTS OF TARGETED IMMUNOSUPPRESSIVE THERAPY ON
VASCULAR INFLAMMATION

The effect of targeted immunosuppressive therapy on
vascular inflammation has been investigated in several
prospective studies (table 2).

Tocilizumab

Adler et al, performed MR angiography (MRA) in all
20 tocilizumab patients at baseline.” At 52 weeks it was
repeated in those patients who showed mural enhance-
ment at inclusion. There was a trend to a reduction of
vasculitis areas over time (from 61% to 57%) in patients
in stable clinical remission. All patients in lasting remis-
sion showed MRA enhancement at follow-up, raising
questions about the MRA as follow-up tool (as serum
biomarkers did not indicate subclinical activity) and/or
the efficiency of tocilizumab on the vascular inflamma-
tion. In a real-life, single centre study' including GCA
patients with refractory/relapsing disease treated with
tocilizumab, the TA Halo Scores decreased during the
follow-up, while the axillary artery Halo Score remained
stable. The total vascular score on 18FDG-PET-CT also
decreased. In another single centre, observational
study” achievement of clinical remission in 83.3% (25 of
30) (patients with refractory LV-GCA starting treatment
with tocilizumab, was accompanied by a reduction of
18F-FDG vascular uptake. However, less than one-third of
the patients showed complete normalisation of vascular
uptake. Imaging improvement was also found in new-
onset LV-GCA patients (n=19) treated with tocilizumab.*®
PET Vascular Activity Score (PETVAS) decreased from
19.8 baseline to 7.47 at mean 15.3 months of follow-up.
The changes in PETVAS were similar to those found in
parallel methotrexate and GC groups. In another study,*
25 patients starting treatment with tocilizumab under-
went an FDG-PET-CT scan at the baseline visit and at
follow-up every 6 months. In addition to clinical improve-
ment, PETVAS was also significantly reduced over a 2-year
treatment period. Repeated FDG-PET scans after tocili-
zumab discontinuation showed worsening of PET activity
in five out of six patients, with two patients subsequently
experiencing clinical relapse. In a study exploring a
ultrashort GC strategy combined with tocilizumab™ ultra-
sound evaluation of the intima—-media thickness showed
a slow and steady decrease in TA but no clear long-term
effect on the LV.

Ustekinumab

In line with the clinical data, imaging with CT angiog-
raphy in 8 patients with LV-GCA also demonstrated
improvement of the vasculitis in all patients, with full
resolution in 4 patients.”

In summary, follow-up information on vascular activity
as reflected by imaging is still limited and hampered by
the lack of uniform definitions of clinical and vascular
disease activity and chronic vascular damage in GCA.
Although the presented studies generally document
improvement of the vascular activity after tocilizumab,
prospective and head-to-head comparison of different
imaging modalities are warranted.

CONCLUSION

GCs are still central in the treatment in GCA but the
arsenal of targeted therapies might expand in the years
to come. So far, tocilizumab has been approved showing
efficacy in approximately half of the GCA patients. Since
multiple immune pathways are involved in GCA, inves-
tigation of other targeted therapies and combination
with conventional immunosuppressive agents is awaited.
Future studies with targeted therapies should include
both evaluation of clinical and immunological parame-
ters of GCA activity as well as multiple vascular imaging
modalities.
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