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Abstract

Purpose of Review Guidelines for the management of large vessel vasculitides have been recently updated by several scientific
societies. We have evaluated the current recommendations for treatment of giant cell arteritis (GCA) and Takayasu arteritis (TA)
and addressed potential future therapeutic strategies.

Recent Findings While glucocorticoids (GCs) remain the gold standard for induction of remission, many patients relapse and
acquire high cumulative GC exposure. Thus, GC-sparing therapies such as methotrexate are recommended for selected patients
with GCA and all patients with TA. Recent high-quality evidence shows that tocilizumab is an effective GC-sparing agent in
GCA. Non-biologic and biologic immunomodulators also appear to have GC-sparing properties in TA.

Summary Tocilizumab is now considered to be part of the standard treatment for GCA, particularly with relapsing disease, but
questions on its use such as length of treatment and monitoring of disease activity remain open. High-quality evidence to guide

treatment of TA is still lacking.
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Introduction

Giant cell arteritis (GCA) and Takayasu arteritis (TA) are the
two major subtypes of large vessels vasculitis (LVV). Arterial
inflammation can lead to vascular stenosis or aneurysm for-
mation. Consequently, severe complications such as blindness
and stroke or rupture of aortic aneurysms can occur. While
some suggest that GCA reduces survival, at least in subsets of
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patients (e.g., those with aortic involvement), other studies
have reported that the mortality was similar to that of the
general population [1]. Mortality in TA is definitely increased,
particularly in patients with rapidly progressive disease, tho-
racic aortic involvement, and/or retinopathy [2].

High-dose glucocorticoids effectively induce remission in
LVYV, but relapses are common, once the dose is reduced [3,
4]. Therefore, many patients need to be treated over an
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extended period of time resulting in high cumulative gluco-
corticoid (GC) doses [5]. As a result, patients are at risk of
acquiring GC-related complications such as osteoporosis, in-
fections, glaucoma, or diabetes mellitus [6, 7]. Conventional
and biologic immunosuppressive drugs have been studied for
their potential to reduce the GC exposure and maintain remis-
sion [8¢, 9]. In view of these and other new data, the European
League Against Rheumatism (EULAR) as well as the British,
Swedish and French Societies of Rheumatology have recently
updated their recommendations for the management of LVV
[10—13]. In this review, we aim to summarize current guide-
lines for drug therapy of GCA and TA. Furthermore, we re-
view the most recent developments including novel potential
therapeutic targets.

Due to the paucity of data, no recommendations exist for
treatment of other very rare forms of LVV such as isolated
aortitis, infectious aortitis, or LVV in the context of IgG4-
related disease.

Giant Cell Arteritis
General Approach

Patients with untreated active GCA are at immediate risk of
permanent loss of vision or other ischemic complications. The
current EULAR recommendations propose that patients with
a clinical presentation suggestive of GCA and increased C-
reactive protein (CRP) and/or erythrocyte sedimentation rate
(ESR) should be referred immediately to a specialized team or
center [10]. For this purpose, EULAR and other societies have
defined key symptoms of GCA that should trigger specialist
evaluation and treatment (Table 1). Of note, none of these “red
flag signs” in isolation is highly specific and thus careful eval-
uation of differential diagnoses is crucial. Results from two
retrospective cohort studies have shown that diagnostic work-
up and treatment of patients with suspected GCA in a special-
ized center (so-called fast-track clinic) within 24 h significant-
ly reduces the risk of permanent visual impairment [14, 15].
Therefore, recent guidelines of the British Society of
Rheumatology (BSR) specify that patients should be evaluat-
ed by a specialist ideally on the same working day, but at least
within 3 days from presentation to a general practitioner [11].
A vasculitis center should have experience in the diagnostic
methods available to confirm the diagnosis (sonography,
MRI, PET, temporal artery biopsy) and be able to offer these
in a timely manner [10].

In patients with a high clinical suspicion of GCA, particu-
larly in the presence of new visual impairment, high-dose GC
should be given immediately. The sensitivity of positive diag-
nostic tests for GCA (including CRP and ESR, temporal artery
biopsy, ultrasound, and large vessel imaging) decreases rap-
idly once high-dose GC therapy is commenced [16—18]. Pre-
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emptive therapy should (a) not delay early referral, should (b)
be limited to a few days duration at the most, and should (c) be
stopped once GCA is ruled out [10]. Blood should be taken for
full blood cell count, CRP, and ESR (preferably) before or
immediately after starting high-dose GCs [11].

The current COVID-19 pandemic highlights the impor-
tance of an accurate diagnosis of GCA, both to avoid the
complications of the disease in those with GCA, but even
more importantly, to avoid the unnecessary use of high
doses of glucocorticoids (with their attendant risk of infec-
tion) in patients with diagnostic uncertainty in whom a
definitive imaging test or biopsy has not been performed
in a timely fashion [19].

The goals of treatment in GCA are to achieve remission
and prevent acute ischemic complications and long-term dam-
age. Evidence-based criteria for remission or response to ther-
apy do not yet exist. Recently, EULAR has defined activity
stages, based on an expert consensus (Table 2).

Glucocorticoids

EULAR and BSR recommend starting treatment of GCA
with GC at a dose of 40-60 mg prednisolone-equivalent per
day [10, 11]. The initial dose is continued until GCA-related
symptoms resolve and CRP and ESR decrease, which is the
case in the vast majority of patients after a few days of treat-
ment. There is no evidence that dosing GC according to body
weight leads to better clinical outcomes than administration
of a fixed dose [4]. Also, current guidelines do not recom-
mend the use of high-dose intravenous GC in patients without
visual impairment. Two randomized controlled clinical trials
(RCTs) on the use of intravenous GC in patients with new-
onset GCA without ischemic complications reported contra-
dictory results [4]. In the smaller of the two trials, 27 patients
received either 15 mg/kg body weight/day intravenous meth-
ylprednisolone for 3 days or placebo plus 40 mg/day oral
prednisone. At week 78, the cumulative GC dose in the meth-
ylprednisolone group (median cumulative glucocorticoid
dose 5636 mg (interquartile range (IQR) 4050-6690)) was
lower, compared to the control group (7860 mg (IQR
7373-9005), but the GC pulses (3 g) were not counted for
calculation of the cumulative dose [20, 21]. No GC-sparing
effect of intravenous GCs after 12 months was observed in a
larger (N =164) but lower quality open RCT, where patients
received either intravenous methylprednisolone at a single
dose of 240 mg followed by 0.7 mg/kg oral prednisone or
oral prednisone at 0.7 mg/kg alone, or a single dose of
240 mg intravenous methylprednisolone followed by
0.5 mg/kg oral prednisone. Current guidelines do not recom-
mend alternate day administration of oral GC, splitting the
GC dose in two or more daily doses or modified-release
prednisone [10, 11], because there is no evidence of im-
proved outcomes compared to using GCs once daily [4].
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Table 1 Key symptoms and
clinical findings suggestive of
active large vessel vasculitis
according to EULAR
recommendations [10]

Giant cell arteritis

Takayasu arteritis

Key symptoms

» New-onset of persistent localized headache, often in the
temporal area

* Constitutional symptoms (e.g. weight loss >2 kg,
low-grade fever, fatigue, night sweats)

* Jaw and/or tongue claudication

* Acute visual symptoms such as amaurosis fugax, acute

Key symptoms
» New onset or worsening of limb claudication

* Constitutional symptoms (e.g., weight loss
>2 kg, low-grade fever, fatigue, night sweats)

» Myalgia, arthralgia, arthritis

* Severe abdominal pain

visual loss, diplopia

» Symptoms of polymyalgia rheumatica

» Limb claudication

Key findings on clinical examination

* Tenderness and/or thickening of the superficial temporal
arteries with or without reduced pulsation

* Scalp tenderness

* Bruits (particularly in the axilla)

» Stroke, seizures (non hypertensive), syncope,
dizziness

* Paresis of extremities

* Myocardial infarct, angina

* Acute visual symptoms such as amaurosis
fugax or diplopia

Key findings on clinical examination

* Hypertension (> 140/90 mmHg)

* New loss of pulses, pulse inequality

* Bruits

* Carotidynia

* Reduced pulses/blood pressure of the upper limbs

» Pathologic findings during ophthalmologic examination
including anterior ischemic optic neuropathy,
oculomotor cranial nerve palsy/palsies, central retinal
artery occlusion, branch retinal artery occlusion, and/or

choroidal ischemia

Although acute visual loss is the most common type of
severe ischemic complication of GCA, there are no high-
quality data on its management. Low-quality evidence from
observational studies suggests that immediate initiation of GC
therapy is the most important factor for visual recovery [22]. If
the onset of treatment is delayed (>24 h), vision improves
only in a minority of patients [23]. Acknowledging the low
level of evidence available, EULAR recommends considering
the administration of 0.25—1 g intravenous methylpredniso-
lone daily for up to 3 consecutive days in GCA patients with
acute visual loss or amaurosis fugax [10].

Once the patient is in remission (Table 2), the GC dose is
gradually tapered. There is no high-quality evidence to guide
GC taper in GCA [4]. Although not specifically designed to
compare different GC taper protocols, a RCT of tocilizumab
for treatment of GCA provides information on GC dosing
because it had two placebo arms with a different speed of
GC taper [8, 24]. Prednisone doses were decreased at the
same rate in both arms until a dose of 20 mg was reached
[24]. Then, in one arm, the dose was tapered to 0 mg at week
26 and the other arm at week 52. Post hoc analysis of data
from 101 patients revealed two important messages regarding
GC monotherapy in GCA. First, the relapse rate within the
first year of treatment is higher with a 26-week taper (68%)
compared to a 52-week taper (49%) [25+]. Relapse rates in this
range are in line with data from observational studies (sum-
marized in [4]) with different relapse definitions and taper

protocols reporting relapse rates ranging from 34 to 75%.
Second, a relapse rarely occurs at a prednisone dose of >
20 mg/day (only one of 101 patients). Therefore, these data
support the recent EULAR recommendation to taper GC to
15-20 mg/day within 2-3 months and to <5 mg/day 1 year.
Then, a further reduction at a rate of 1 mg every 1-2 months
should be attempted. A more rapid dose reduction is appro-
priate for patients receiving concomitant GC-sparing therapy.
However, the abovementioned 26-week taper protocol has
been only been formally tested in patients receiving concom-
itant tocilizumab (TCZ); the GC taper needs to be individual-
ized for patients receiving methotrexate or other GC-sparing
agents.

Indications for GC-Sparing Therapies

Available evidence suggests that around 30-60% of patients
do not relapse and are able to taper GC to < 5 mg/day at 1 year
[5, 25, 26-28]. As a EULAR task force considered this dose
to be acceptably safe [29], EULAR and BSR recommend that
patients without risk factors for GC AEs and/or prolonged
course of GCA may be treated with GC only [11]. However,
patients with GCA have an increased risk of developing oste-
oporosis, diabetes, glaucoma, infections, and other complica-
tions attributable to GC therapy at a higher rate than the gen-
eral population [6, 7]. One study calculated an increase of the
hazard ratio for adverse events by 3% for each 1000 mg
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Table 2 EULAR consensus

definitions for disease activity Activity state

EULAR consensus definition

states in GCA and other types of

LVV [10] Active disease

Flare
Relapse
Major relapse

Minor relapse

Refractory

1. The presence of typical signs or symptoms of active LVV (Table 4)
AND

2. At least one of the following:

(a) Current activity on imaging or biopsy

(b) Ischemic complications attributed to LVV

(c) Persistently elevated inflammatory markers (after other causes have been
excluded)

We do not recommend use of this term
We recommend use of the terms major relapse or minor relapse as defined below
Recurrence of active disease with either of the following:

(a) Clinical features of ischemia* (including jaw claudication, visual symptoms, visual
loss attributable to GCA, scalp necrosis, stroke, limb claudication)

(b) Evidence of active aortic inflammation resulting in progressive aortic or large
vessel dilatation, stenosis, or dissection

Recurrence of active disease, not fulfilling the criteria for a major relapse

Inability to induce remission (with evidence of reactivation of disease, as defined

above in “Active disease”) despite the use of standard care therapy

Remission

Absence of all clinical signs and symptoms attributable to active LVV and

normalization of ESR and CRP; in addition for patients with extracranial disease,
there should be no evidence of progressive vessel narrowing or dilatation

Sustained remission
AND

1. Remission for at least 6 months

2. Achievement of the individual target GC dose

Glucocorticoid-free
remission AND

Sustained remission

Discontinued GC therapy (but could still be receiving other immunosuppressive

therapy)

*Some symptoms listed are typical only for GCA and may require further diagnostic work-up if present in other

types of LVV

increase in cumulative glucocorticoid exposure [30].
Cumulative GC dose increases with each relapse of GCA [3,
26]. Therefore, EULAR and national guidelines recommend
adjunctive GC-sparing therapies for relapsing GCA patients
and/or patients who have developed or have an increased risk
of developing such GC-related comorbidities and complica-
tions. As only few patients in the elderly population affected
by GCA have no comorbidities and up to 90% of patients
treated with GC experience at least one adverse event [31],
the vast majority of patients are potential candidates for ad-
junctive GC-sparing therapies in clinical practice. In the indi-
vidual patient, the decision to use adjunctive immunosuppres-
sive therapies must be balanced against potential treatment-
related complications based on individual risk profiles and
comorbidities.

In some studies, a higher relapse rate and prolonged treat-
ment was associated with scalp tenderness at diagnosis, PMR,
and a composite of features of inflammation (defined as three or
four of the following: fever, weight loss, ESR >85 mm/h, and
hemoglobin < 11 g/dl), but data on clinical and laboratory fea-
tures predicting relapses are not consistent across all studies [4].

@ Springer

Imaging evidence of extracranial involvement has been associ-
ated with prolonged glucocorticoid treatment and disease pro-
gression such as aortic dilatation compared with patients with
cranial GCA who did not have imaging evidence of LV-GCA
[32, 33]. In a recent prospective study, high 18-FDG-uptake on
PET-CT was associated with an increased relapse risk [34] and
PET activity increased after the intensity of treatment was re-
duced [35]. In a retrospective analysis of 326 patients, LVV
was an independent predictive factor of relapse (HR 1.49,
95% CI 1.002-2.12; p=0.04) and GC dependence (OR 2.19,
95% CI 1.19-4.05; p=0.01) in multivariable analyses [36]. In
that study, patients with a GC-dependent disease who received
a GC-sparing agent had a shorter GC treatment duration than
those who did not receive GC-sparing therapy (p = 0.008). In
summary, there is growing evidence that high disease activity
and extent at disease onset appear to be associated with a more
severe and more prolonged disease course. Therefore, patients
with high disease activity, particularly active extracranial dis-
ease, might benefit from early adjunctive GC-sparing treatment.
Prospective studies that include LV imaging are needed to con-
firm this hypothesis.



Curr Rheumatol Rep (2020) 22: 84

Page50f13 84

Non-biologic Inmunosuppressive Therapies

Methotrexate A meta-analysis of 3 placebo-controlled studies
revealed a reduced risk of first relapse (HR 0.65, 95% CI 0.44 to
0.98, p=0.04) and second relapse (HR 0.49, 95% CI 0.27 to
0.89, p=0.02), a higher probability of GC-free remission for >
24 weeks (HR 2.84, 95% CI 1.52 to 5.28, p < 0.001) and a lower
cumulative GC dose of — 842 mg at week 48 in new-onset GCA
patients treated with methotrexate (MTX) versus controls [37].
Only one of the 3 studies included in the meta-analysis met its
primary endpoint. However, at least one of the studies that en-
rolled only 21 patients and used a low methotrexate dose of
7.5 mg per week was underpowered to exclude or demonstrate
a treatment effect of MTX [38]. A recent pooled analysis of the
two larger studies [39, 40] revealed that MTX reduced the re-
lapse rate at 12-24 months (RR 3.20 (95% CI 1.49, 6.87)) [11].
A recent large monocentric case-control study involving 166
patients showed that in real life, the use of MTX lead to a
twofold stronger (P = 0.004) reduction of relapse rates compared
to matched controls without GC-sparing therapy [41]. Overall,
no evidence was found that the use of MTX in GCA is associ-
ated with an increased risk of adverse events [37], but comor-
bidities such as renal or liver disease can limit its use in this
elderly population. Recent guidelines recommend that MTX
might be considered as an adjunctive immunosuppressant in
combination with GC (BSR), as an alternative to TCZ
(EULAR) or in cases of late relapse without major inflammatory
activity or with marked GC side effects, when the patient does
not meet the criteria for TCZ treatment (Swedish Society of
Rheumatology) [10, 11, 13]. In contrast to TCZ, there is no
evidence-based standard GC taper scheme for MTX, and thus,
GC dose has to be reduced on an individual basis.

Leflunomide In an open-label single-center study, 76 patients
were given leflunomide after 12 weeks of GC therapy. During
a follow-up period of 48 weeks, relapses were lower in the
group of patient receiving leflunomide (13.3%) compared to
those patients who received GC only (39.1%; p =0.02; NNT
3.9 (95% CI 2.2-17.4)). As the study is biased by the lack of
randomization and a placebo group, data need to be
interpreted with caution but raise interest in a prospective con-
trolled trial.

Other Conventional Immunosuppressants Only low-quality
and/or negative data exist for the use of azathioprine, myco-
phenolate mofetil, cyclophosphamide, hydroxychloroquine,
dapsone, and ciclosporin [4]. The use of these agents in
GCA is currently not recommended [10, 11].

Biologic Therapies

Tocilizumab Two double-blind RCTs have shown significant
efficacy of the interleukin-6 (IL-6) receptor antagonist TCZ

compared to GC monotherapy [8e, 9]. In the larger of the two
trials (enrolling 251 patients with either new-onset or relaps-
ing GCA), the rate of sustained GC-free remission at week 52
(primary endpoint) was achieved in 56%/53% of patients re-
ceiving 162 mg TCZ weekly/every other week plus a 26-week
GC taper compared to only 14%/18% in patients receiving GC
alone for 26/52 weeks [8¢]. In addition, a significant GC-
sparing effect was documented. There was no increase in ad-
verse events during TCZ therapy. Based on these data, TCZ
has been approved for the treatment of GCA in the EU, the
USA, and other countries. EULAR and national scientific so-
cieties recommend the use of TCZ for patients with GCA in
whom there is an indication for GC-sparing therapy [10-13].

TCZ therapy was discontinued in both studies after 1 year.
Long-term data from both studies (published in abstract form
only for the larger phase 3 trial) indicate that less than 50% of
patients with GCA who discontinued TCZ after 1 year had a
sustained remission for the next 2 years, while the rest of the
patients relapsed [42, 43]. Analysis of flares after stopping 4-
weekly intravenous TCZ in the phase 2 RCT showed that nei-
ther clinical features, serum biomarkers ,nor magnetic reso-
nance imaging of large vessels were reliable predictors of future
relapse [43]. Elevations of CRP and ESR were rarely observed
at and before relapse in the phase 3 study while patients were
still on TCZ [25¢]. In the two GC-only groups of this trial, an
elevation of CRP at the time of relapse was found in 65 and
68% of patients, respectively [25¢]. While the lack of CRP
elevations in patients receiving tocilizumab was expected based
on the mechanism of action of TCZ, the poor correlation of
acute phase reactant levels with relapse in patients treated with
GC only in the phase 3 study is a bit surprising. Measurement
of IL-6-serum levels appears to be of little value in clinical
practice, as results from two recent studies [43, 44] did not
confirm a previously reported moderate association of longitu-
dinally decreasing IL-6 levels and the risk for a future relapses
[45]. Elevations of matrix metalloproteinase-3 (MMP-3), pen-
traxin-3, soluble tumor necrosis factor receptor 2 (STNFR2), or
serum amyloid A have been reported in patients with active
GCA. As these biomarkers are no easily available in routine
and data showing an adequate diagnostic performance (sensi-
tivity, specificity, positive/negative predictive value) or predict
relapses are lacking, these markers are, at present, of no use in
clinical practice. Increased serum concentrations of
osteopontine have been found in relapsing versus non-
relapsing patients in one study [46]. As osteopontine expression
and protein production in cultured arteries were not significant-
ly modified by TCZ, osteopontine may have potential value in
TCZ-treated patients where CRP is usually not detectable.
Further studies are needed to evaluate if increases in serum
ostepontine concentrations are reliable in predicting current
and/or future relapse. No other biomarkers have been identified
to date, to predict future relapses in GCA with sufficient sensi-
tivity and specificity to guide treatment decisions [4].
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In summary, there are no valid data available on which the
optimal duration of therapy with TCZ can be reliably based on.
The decision to continue, extend the interval, or terminate ther-
apy after 1 year must therefore be made individually and should
be discussed with the patient. Possible criteria for decision mak-
ing, which are not yet supported by evidence, may be a history
of relapse, a previously high GC demand or the presence of
vascular complications favoring a strategy not to stop TCZ.

In a recent open label trial in 8 patients with GCA and 3
patients with TA, TCZ monotherapy (8 mg/kg) was adminis-
tered every 2 weeks for 2 months without glucocorticoids or
other immunosuppressive agents, and then every 4 weeks for
10 months [47]. After 24 and 52 weeks, 75% of GCA patients
were in complete remission and 25% in partial remission. Two
out of 3 TA patients achieved full remission after 24 and
52 weeks, one patient did not respond. Since the administration
of TCZ was the only intervention, these data support the hy-
pothesis that TCZ therapy might be effective without additional
administration of GC, at least in GCA. Obvious limitations of
this study are the open study design without a control group and
the small number of cases. A particular concern is the possibil-
ity that GCA/TA cannot be adequately controlled by TCZ
monotherapy in the early phase of the disease. TCZ serum
concentrations after 4 weeks of intravenous therapy are only
about 10% of the steady-state level, which is finally reached
after the 6th or 7th dose (after 4-6 months) [48]. This poses the
potential risk of irreversible damage such as blindness due to
insufficiently controlled vasculitis in early disease phase.

Is TCZ superior to MTX or other agents used for GC-
sparing in GCA? While studies on TCZ are of superior quality
and appear to show a stronger effect size in terms of GC-
sparing [4], the very different study designs do not allow reli-
able conclusions in this regard. Results from a currently
recruiting head-to-head study between TCZ and MTX
(NCT03892785) will provide more robust information on
the role of each agent in the treatment of GCA.

Abatacept In a double-blind phase 2 RCT, patients receiving
the CTLA-4 agonist abatacept (ABA) had higher relapse-free
survival (48%) compared to patients treated with GC alone
(31%, P=0.049). The study was not designed to detect a
difference in GC exposure. There were no safety concerns in
the group treated with ABA. Despite the positive signals in the
phase 2 study, no phase 3 studies are currently listed at
clinicaltrials.gov.

Ustekinumab Ustekinumab is a monoclonal antibody
targeting the subunit common to IL-12 and IL-23 (p40) and
inhibits both Thl and Th-17 responses, which are major
drivers of inflammation in the pathogenesis of GCA [49]. In
one study, all 25 patients with refractory GCA who received
ustekinumab in addition to GC stayed in remission while the
median daily prednisolone dose was decreased from 20 to
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5 mg over | year and improvement of vasculitis using CT
imaging was reported [50]. The second study, which has yet
been reported in abstract form, was prematurely terminated
after 7 of the first 11 patients relapsed [S1]. In contrast to the
first study, GC was tapered to 0 at 6 months in the second
study, which may account for the higher relapse rate. The
conflicting results show the limitations of open-label studies
in GCA related to concomitant GCs and highlight the need for
a double-blind RCT.

TNF-a Inhibitors RCTs on adalimumab, etanercept (ETA), and
infliximab (IFX) did not provide evidence of efficacy in terms of
GC-sparing effect, disease activity, and GC withdrawal or re-
duction of GC cumulative doses and adverse events [52—54].

Future Perspectives of Inmunomodulating Therapy
in GCA

Clincaltrials.gov lists several biologics and targeted synthetic
DMARDs (tsDMARDS) that are currently in different stages
of development in GCA (Table 3). Based on the pathogenesis
of GCA potential, cytokine targets under study include: IL-1
(anakinra), IL-6 (sarilumab), IL-17 (secukinumab), 1L-12/23
(ustekinumab), and GM-CSF (mavrililumab). In addition,
RCTs on the tsDMARDS upadacitinib and baricitinib are on-
going. A number of trials are currently investigating TCZ
combined with a short GC taper protocol (less than 26 weeks)
or different GC taper regimens.

Other Medications

Antiplatelet and Anticoagulant Therapy The risk for cardio-
vascular and cerebrovascular events is increased in GCA [55,
56]. In two retrospective studies, the use of low-dose aspirin
before or at the time of diagnosis of GCA was associated with
a reduced rate of vision loss or stroke, but the number of
events was low [57, 58]. However, two more recent cohort
studies and a meta-analysis did not confirm a protective effect
of aspirin in GCA [59-61]. High-quality data from a RCT on
this topic are lacking [62]. A potential but yet unproven pro-
tective effect of aspirin must be balanced against its potential
harm such as bleeding [63]. In view of these considerations,
EULAR and BSR do not recommend routine use of antiplate-
let or anticoagulant therapy unless they are indicated for other
reasons (e.g., coronary heart disease, cerebrovascular disease,
etc.) [10, 11]. In contrast, the Swedish guidelines recommend
to consider prescription of aspirin in newly diagnosed GCA
unless there are contraindications [13].

Lipid-Lowering Agents The routine use of cholesterol-
lowering agents, such as statins for GCA, is not recommended
in current guidelines. Our recent SLR [4] identified two
population-based incident cases cohorts and two retrospective
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Table 3 Ongoing clinical trials

on adjunctive therapies in giant Agent Target Study type/phase Status March 2020

cell arteritis listed on clinicaltrials.

gov (accessed September 20, Mavrilimumab GM-CSF RCT, phase 2 Completed

2020) Anakinra IL-1 RCT, phase 3 Recruiting
Abatacept CTLA-4 RCT, phase 3 Not yet recruiting
Sarilumab IL-6 RCT, phase 3 Recruiting
Tocilizumab + ultrashort GC taper IL-6 Open-label, phase 2 Recruiting
Tocilizumab + short GC taper 1IL-6 Open-label, phase 4
Tocilizumab vs. methotrexate 1L-6 RCT, phase 3 Recruiting
Tocilizumab 1L-6 Open-label RCT, phase 2 Active, not recruiting

Patients with eye disease only

Secukinumab 1L-17 RCT, phase 2 Recruiting
Ustekinumab 1L-12/23 Open-label RCT, phase 2 Recruiting
Baricitinib JAK1/2 Open-label, phase 2 Active, not recruiting
Upadacitinib JAK1 RCT, phase 3 Recruiting
Bosentan ETA/ETB Open-label, phase 2 Active, not recruiting

Patients with eye disease only

ET endothelin receptor, GM-CSF' granulocyte-macrophage colony-stimulating factor, GC glucocorticoid, /L
interleukin, JAK Janus kinase, RCT randomized controlled clinical trial

longitudinal cohorts that reported contradictory results.
Therefore, a RCT on the potential role of statins for treatment
of GCA would be needed.

Takayasu Arteritis
General Approach

The majority of principles for the general management of
patients with GCA apply also for patients with TA. Unlike
GCA, disease onset in patients with TA is rarely accompanied
by acute ischemic complications. Therefore, a fast-track ap-
proach like in GCA has not been advocated. However, pa-
tients with TA should be managed by a specialist team with
access to the multidisciplinary infrastructure and experience
of a vasculitis center. Treatment recommendations for TAK
are largely based on low-quality evidence retrieved from ob-
servational studies, whereas RCTs have only published on the
use of TCZ and abatacept [3].

Glucocorticoids

Like in GCA, there are no RCTs in TA that have been specif-
ically designed to evaluate dosing or tapering of GCs. The
best available evidence is derived from two recently published
RCTs on the use of ABA and TCZ, in which GC was tapered
according to defined protocols [64, 65]. The TCZ study in-
cluded only relapsing patients receiving different GC regi-
mens at the time of inclusion into the study, but at least
0.2 mg/kg/day was administered to all patients [64]. The GC
dose was then reduced by 10% per week from week 4 to a

minimum of 0.1 mg/kg/day. This reduction regimen resulted
in a high relapse rate of approximately 80% during weeks 8—
16 in the GC monotherapy arm. The ABA study included
newly diagnosed and relapsing patients receiving prednisone
at doses of 40—60 mg/day [65]. After the dose was reduced to
20 mg/day by week 12 and then to 0 mg at week 28, 60% of
patients relapsed within 1 year. Both studies did not include a
second arm with a different GC taper protocol. Therefore,
these studies do not allow final conclusions on the most ap-
propriate GC starting dose and reduction protocol.

EULAR recommends starting GC therapy with a dose of
40 to 60 mg per day [10]. To date, there is no evidence that a
higher starting dose improves outcome. Data from a recent
cohort study suggest that in patients with limited vascular
involvement who receive a conventional GC-sparing therapy,
lower initial doses of 20-30 mg prednisolone equivalent per
day may be sufficient [66]. Once symptoms related to the
inflammatory activity appear to be controlled, a dose reduc-
tion to 15-20 mg per day after 2-3 months is recommended.
Due to the high relapse rates following dose reductions below
this threshold, the current EULAR recommendations advise a
slower further GC dose reduction to 10 mg per day, or less,
after 1 year compared to GCA [10].

Non-biologic Imnmunosuppressive Therapies

Around 60-80% of TA patients treated with GC monotherapy
relapse [64, 65, 67]. In addition, many patients develop new
vascular lesions and/or cannot reduce the GC dose to an ac-
ceptable level [3]. Therefore, EULAR experts recommend an
early initiation of GC-sparing therapy. RCTs on the role of
conventional, synthetic, disease-modifying anti-rheumatic
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drugs (csDMARD:s) in TA have not been published to date. In
a recently published retrospective study on 235 patients with
early initiation of GC-sparing therapy (mainly with mycophe-
nolate mofetil), only 7% of patients had at least one relapse
after 1 year, 34% after 5 years, and 48% after 10 years [66].
New structural vascular lesions were observed in 20% of pa-
tients over the long term. In indirect comparison with other
cohorts without early GC-sparing therapy, where relapses
and/or new structural lesions occur in up to 80% of patients
[3], this suggest a clinically relevant benefit of adding a
csDMARD in newly diagnosed TAK patients, as pointed
out by the EULAR recommendation of a first-line use of
csDMARDs in TA [10].

Methotrexate In an open prospective study involving patients
with persistent or GC-refractory TA weekly, MTX (mean
dose 17.1 mg) + GC resulted in remission in 13/16 (81%) of
patients [68]. Relapses were common after GC taper, but 50%
of patients remained in sustained remission for 18 months on
average.

Mycophenolate Mofetil In a prospective open longitudinal
study, MMF was initially combined with GC only and in case
of an inadequate response to this treatment, MTX or azathio-
prine (AZA) was added. This step-wise approach improved
the efficacy defined by a combined endpoint compared to
MMF alone (80% vs. 40%) after a median follow-up of
17 months [69]. A meta-analysis of two observational studies
showed that MMF significantly reduced acute phase parame-
ters and the use of GC (mean difference in daily GC dose: —
17.96; 95% CI —24.89; — 10.4 mg) [70].

Cyclophosphamide The efficacy and safety of cyclophospha-
mide (CYC) was compared to MTX (+ GC) in a prospective
cohort study in 58 TA patients without prior csDMARD ther-
apy [71]. Induction treatment with CYC was followed by
maintenance therapy with MTX or AZA. Remission (NIH
criteria <1 and GC <15 mg/kg/day) was achieved with
CYC (71.7%) and MTX (75%) at a similar rate. Although a
significant decrease of humoral markers of inflammation and
gadolinium enhancement in large vessel MRI was only ob-
served in the CYC group, the study does not provide convinc-
ing evidence that induction treatment with CYC is superior to
MTX, as the study was not randomized and baseline data
differed significantly. Due to its gonadal toxicity and common
long-term AEs, the use of CYC is limited in young women,
who are predominantly affected by TA. Therefore, EULAR
recommends avoiding the use of CYC except in patients
where other treatments have failed or are not tolerated [10].

Other Drugs In a prospective open-label study, a reduction of

symptoms and humoral inflammation markers in patients
treated with AZA (2 mg/kg/day) + GC (1 mg/kg/day) was
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reported [72]. No new structural vascular lesions were ob-
served 1 year after the start of treatment. Long-term use of
leflunomide was associated with persistent remission, in about
half of the patients, in an open-label study [73]. However, after
an average of 12 months, 7 of the 12 patients discontinued
leflunomide therapy, mainly due to insufficient efficacy.

Biologic Therapies

In patients not responding adequately to therapy with
csDMARDS + GC (refractory or relapse), EULAR recom-
mends the use of TNF-« inhibitors (TNFi) or TCZ [10]. A
descriptive prospective cohort study investigating the effects
of escalating therapy with csDMARDs and then with
bDMARD:s (TNFior TCZ) in TA patients that did not respond
to GC showed that 64% of patients treated with bDMARDs
achieved sustained remission [74].

Tocilizumab The efficacy and safety of TCZ at a dose of
162 mg s.c. weekly was investigated in a double-blind,
placebo-controlled RCT in 36 patients with relapsing TA
[64]. Although this study failed to meet its primary endpoint
in the intent-to-treat analysis (HR 0.41, 95% CI 0.15-1.10;
p=0.0596), it showed a significant difference in favor of
TCZ versus placebo in the per-protocol analysis (HR 0.34,
95% CI 0.11-1.00; p =0.0345). Since 44% of the patients
receiving TCZ relapsed (vs. 61.1% on placebo), which result-
ed in an increase in the GC dose, no GC-sparing effect of TCZ
could be shown during the blinded part of the study. However,
during the long-term extension phase, in which 28 patients
received open-label TCZ, the median GC dose was reduced
from 0.223 mg/kg/day (study start) to 0.131 mg/kg/day (inter-
quartile range 0.099, 0.207) after 48 weeks and 0.105 mg/kg/
day (interquartile range 0.039, 0.153) after 96 weeks [75]. On
imaging, 17.9% of patients showed improvement and 67.9%
stable findings without progression at 96 weeks. An improve-
ment in quality of life (SF-36) was also documented. The
study showed no unexpected safety signals for TCZ.

The outcome in 144 patients with refractory TA treated
with TCZ was reported from several cases series [76-81]. A
decrease in clinical activity in response to TCZ was reported
for the majority of patients. In the largest multicenter case
series of 46 patients treated with TCZ, a reduction in median
GC demand was reported from 15 (8-19) to 5 mg (4.5-9)
daily after 6 months [78]. Event-free survival was significant-
ly better on TCZ compared to DMARDs (p = 0.02). However,
after TCZ was stopped, relapses occurred frequently, suggest-
ing that the therapy reduces inflammatory activity but does not
cure the disease. It is also unclear whether TCZ can improve
structural vascular lesions such as stenoses or at least prevent
further progression. In a case series, 4 out of 7 patients expe-
rienced a worsening of the vascular lesions observed by mag-
netic resonance angiography (MRA) and ultrasound [80]. An
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analysis of a case series of 5 patients plus a review 39 patients
reported from the literature showed no effect of TCZ on ra-
diological activity on imaging (defined as at least two of the
following: (1) arterial wall thickening in angio-CT, (2) or ar-
terial wall thickening with wall strengthening in MRA, (3) by
PET-CT) after 6 months [76]. However, a significant decrease
in arterial FDG uptake in PET-CT was demonstrated [76],
which, in accordance with the long-term data of the prospec-
tive study [75], suggests that TCZ reduces inflammation in the
vessel wall but does not necessarily lead to an improvement in
structural vascular lesions.

TNF-a Inhibitors In a prospective open-label study from the
USA, ETA or IFX was given to patients with TA patients
refractory to GC and csDMARD:s [82]. The primary endpoint
for efficacy was defined as the absence of clinical features of
active disease or new lesions on sequential imaging with no
GC therapy or GC dose reduced by >50%. Similar to TCZ
studies, progression of imaging changes under TNFi was ob-
served in 4 of 15 patients despite apparently complete clinical
or partial remission. In the SLR for the EULAR recommen-
dations, we analyzed 8 retrospective case series on the use of
TNFi in patients with TA and several mixed cohorts (TA and
GCA) [3]. In the predominantly refractory TA patients, a pos-
itive therapeutic effect or clinical symptoms was observed in
most patients.

A retrospective, multicenter analysis of patients with TA
(n=49) treated with TNFi or TCZ showed no difference in
safety and efficacy between the drugs [83], but the retrospec-
tive uncontrolled study design is unsuitable to rule out a pos-
sible difference between the two treatment arms.

RCTs on the use of TNFi in TA have not been published.
Due to the retrospective design, the parallel use of other drugs,
including continued GCs, the lack of control patients and the
heterogeneity of the majority of studies, as well as the risk of a
reporting bias (negative experiences are reported less fre-
quently) and the different definitions of remission; thus, the
formal level of evidence in supporting TNFi in TA is low.
Several RCTs showed a lack of efficacy of TNFi in GCA,
which makes a much better efficacy in a similar disease such
as TA less likely. Therefore, a RCT on TNFi in TA is
desirable.

Ustekinumab A single nucleotide polymorphism of the IL-
12B gene is associated with the clinical activity and compli-
cations of TA [84, 85]. In a small prospective observational
study, an improvement in clinical symptoms and a decrease in
inflammation markers was reported in 3 refractory TA pa-
tients who were already on treatment with conventional
DMARD + GC and received the 12/23 antagonist
ustekinumab on top [86]. All 3 patients did not show any
change in intramural enhancement on MRA and no informa-
tion on GC dose during therapy was provided. Therefore,

further studies are needed to investigate a potential role of
ustekinumab in TA.

Abatacept In a double-blind RCT in newly diagnosed or re-
lapsing TA, ABA did not reduce the relapse risk and had no
GC-sparing effect [65].

Rituximab In a retrospective case series, a progression of vas-
cular lesions or persistent inflammatory activity was seen in 4
out of 7 patients following treatment with rituximab [87].
Individual case reports on the use of rituximab reporting fa-
vorable outcomes are limited by reporting bias [3, 88]. Very
recently, autoantibodies against endothelial protein C receptor
(EPCR) and scavenger receptor class B type 1 (SR-BI) were
detected in 34.6% and 36.5% of patients with TA, respective-
ly, with minimal overlap (3.8%) [89]. The antigens EPCR and
SR-BI function as negative regulators of endothelial activa-
tion. EPCR has also an effect on human T cells and impair
Th17 differentiation. The autoantibodies against EPCR and
SR-BI were shown to block the functions of their targets,
thereby promoting a pro-inflammatory phenotype. With the
new discovery of pathogenetically relevant autoantibodies in a
substantial proportion of TA patients, further studies on B cell
targeted therapies such as rituximab are of interest.

JAK-Inhibition Tofacitinib, a Janus kinase (JAK) inhibitor
targeting JAK3 and JAKI, has been shown to suppress
tissue-resident memory T cells and inhibit core effector path-
ways in an animal model in which human arteries were
engrafted into immunodeficient mice that were reconstituted
with T cells and monocytes from patients with GCA [90].
Recently, the successful treatment of 2 cases with TA by
tofacitinib was reported [91, 92], while a lack of response
was observed in two other cases [93].

Herbal Agents Two RCTs from Asia reported a reduction of
some proinflammatory cytokines after administration of plant
TENi (curcumin or resveratrol) in newly diagnosed TA [94,
95]. However, the primary endpoint of these studies (BVAS)
is neither well suited nor fully validated for TA. In addition,
the duration of treatment was very short (4 and 12 weeks,
respectively) and there were no data reported on concomitant
treatment of TA. Therefore, conclusions regarding a potential
efficacy of curcumin or resveratrol cannot be drawn from
these reports.

Future Perspectives of Inmunomodulating Therapy
inTA

In contrast to GCA, only a small number of trials in TA are
listed on Clinicaltrials.gov lists (Table 4), some of them with
unknown recruitment status. Two ongoing RCTs on JAK in-
hibition are of particular interest, given the potential role of the
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Table 4  Ongoing clinical trials on adjunctive therapies in Takayasu arteritis listed on clinicaltrials.gov (accessed September 20, 2020)

Agent Target Study type/phase Status September 2020

Methotrexate + mycophenolate ns. Randomized, open-label Not yet recruiting
mofetil vs. cyclophosphamide

Tocilizumab vs. adalimumab IL-6/TNF-o¢ Randomized, open label, cross-over, single-center

Tofacitinib vs. methotrexate JAK1/3 Open-label RCT, cross-over, phase 4 Recruiting

Upadacitinib JAK1 RCT, phase 3 Recruiting

GC glucocorticoid, /L interleukin, JAK Janus kinase, 7NF tumor necrosis factor, RCT randomized controlled clinical trial

JAK/STAT pathway in LVV. In view of the low evidence
available, well-designed RCTs in TA are desirable, particular-
ly for IL-6- and TNFi, where signals of efficacy have been
seen, but high-quality evidence showing a strong treatment
effect for any of these drugs is still lacking. Furthermore, an
RCT on the role of conventional immunosuppressants would
be of importance.

Other Medications

Antiplatelet and Anticoagulant Therapy Results of a retro-
spective study showed a reduction of acute ischemic events
(HR 0.55; 95% CI 0.06-0.514) in TA patients taking anti-
platelet therapy (62.5% of patients) [96]. Many patients in this
cohort had cardiovascular risk factors such as hypertension
(77.1%), hyperlipoproteinemia (45.8%), and obesity
(16.7%), and in 44 of the 48 patients, cardiovascular disease
was present in addition to TA. Anticoagulant therapy (12.5%
of patients) was not associated with a reduction in the risk of
ischemia. In view of the small sample size and high preva-
lence of cardiovascular comorbidities in this single study, an-
tiplatelet therapy should be given in TA only if there is an
indication for cardiovascular comorbidities, or if the vascular
team identifies a potential benefit in an individual patient (e.g.,
critical vessel stenosis) [10].

Infection Prophylaxis Like in GCA, data on the role of infec-
tion screening or prophylaxis for TA is lacking. A few cases of
tuberculosis were reported in observational studies [3], so that
screening and preventive measures should be considered be-
fore starting a biologic therapy.

Surgical/Interventional Treatment in GCA
and TA

Surgical and interventional vascular therapies are not within the
scope of this article. We therefore refer to the recently published
results of two SLRs for the EULAR recommendations [3, 4]. In
brief, such interventions need to be considered if a vascular
lesion is symptomatic (e.g., claudication) or prognostically rele-
vant (e.g., aortic aneurysm) and persists despite adequate
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medical therapy. All interventions should be performed during
stable control of arterial inflammation [10].

Conclusion

We have reviewed the current evidence on the investigation
and management of two forms of large vessel vasculitis. The
evidence base is much larger for GCA than for TAK. There
have been considerable advances in the use of imaging in the
diagnostic process for both diseases. Pathogenetic mecha-
nisms are beginning to form the basis for a more rational
therapeutic approach to management with potentially less
use of traditional therapy with glucocorticoids. While progress
has been made, we still have no reliable measures to assess
treatment response, predict disease severity or relapses.
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