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RIASSUNTO

L’ Arterite a Cellule Giganti (GCA) ¢ una vasculite dei grandi vasi che presenta un
esordio spesso insidioso, portando a ritardi diagnostici e terapeutici con conseguenti
complicanze gravi. La diagnosi corretta ¢ cruciale per impostare una terapia
adeguata, che tradizionalmente si basa su glucocorticoidi (GC), non sempre efficaci
e associati a un’alta incidenza di effetti collaterali. Per questi motivi, negli ultimi
anni si € esplorato I'uso di immunosoppressori come Tocilizumab (TCZ).
Persistono, tuttavia, interrogativi aperti sul miglior approccio terapeutico: il futuro
sembra orientato verso una medicina sempre piu personalizzata ma, ad oggi,
mancano biomarcatori validati.

L’attivita di ricerca presentata in questa tesi ha avuto 1’obiettivo di ampliare le
conoscenze scientifiche sulla GCA, ponendo le basi per una futura medicina
personalizzata. L’obiettivo ¢ stato duplice: identificare i fattori di rischio per
complicanze gravi di malattia e i fattori predittivi di risposta alla terapia.

Il lavoro si ¢ articolato in quattro sezioni principali:

- Uno studio introduttivo sull’epidemiologia della GCA nel territorio di ATS
Brescia, per fornire una rappresentazione della realta clinica su cui si fondano gli
studi successivi. Sono stati identificati i pazienti con diagnosi di GCA residenti in
ATS Brescia utilizzando il metodo capture/recapture, unendo dati amministrativi
(certificazione di malattia rara presso ATS) e dati clinici (database dei principali
Ospedali). E stata identificata una media di 24 nuove diagnosi di GCA all’anno e
un’incidenza media di 4,5 casi/100.000 abitanti con eta maggiore di 50 anni. Non
sono emerse variazioni significative nelle manifestazioni cliniche nel tempo e le
caratteristiche della coorte sono risultate simili a quelle internazionali, confermando
la sua rappresentativita per la popolazione affetta da GCA.

- Un’analisi dei dati della coorte storica di pazienti affetti da GCA seguiti presso
I’ASST Spedali Civili di Brescia con 1’obiettivo di identificare fattori prognostici
di gravita (coinvolgimento dei grossi vasi, sviluppo di cecita e ospedalizzazione). |
fattori di rischio per interessamento dei grossi vasi sono risultati essere 1’eta minore
alla diagnosi e la presenza di sintomi sistemici, mentre quelli per la cecita 1’eta piu
avanzata e la presenza di maggiori comorbilitd al momento della diagnosi, in

particolare ipertensione e insufficienza renale cronica. I pazienti a maggior rischio
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per ospedalizzazione sono risultati quelli fumatori, ipertesi, con insufficienza renale
cronica e pluripatologici. La maggior parte dei ricoveri era dovuta a infezioni o
complicanze cardiovascolari, suggerendo una possibile correlazione con gli effetti
collaterali delle terapie steroidee e immunosoppressive.

- Un’analisi dello stato dell’arte della terapia per la GCA, con particolare attenzione
agli effetti collaterali dei GC e all’effetto steroido-risparmiatore di TCZ. I1 90% dei
pazienti ha sviluppato almeno un effetto collaterale e il danno indotto dai GC ¢
risultato correlato alla dose cumulativa di GC e alla presenza di comorbidita al
momento della diagnosi. L utilizzo di TCZ ha ridotto del 25% la dose cumulativa
di GC e il conseguente danno e ha ridotto il rischio di recidiva della malattia.

- Uno studio sull’identificazione di nuovi biomarcatori, analizzando il possibile
ruolo di sottopopolazioni linfocitarie (Th17 e Treg), potenzialmente implicate nella
patogenesi di malattia. Le cellule Th17, proinflammatorie, sono diminuite dopo
trattamento, soprattutto nei responder cio¢ nei pazienti che passavano da uno stato
di malattia attiva a quello di inattiva. Non sono stati osservati cambiamenti
significativi nelle cellule Treg, sebbene vi fosse una leggera tendenza alla riduzione.
Infine, nella sezione 2 della tesi sono raccolti progetti di ricerca dedicati ad altre
vasculiti sistemiche, quali la Granulomatosi Eosinofilica con Poliangite (EGPA) e

le Vasculiti ANCA associate (AVYV).



SUMMARY

Giant Cell Arteritis (GCA) is a large vessel vasculitis that often presents with an
insidious onset, leading to diagnostic and therapeutic delays, which can result in
severe complications. Accurate diagnosis is crucial for establishing appropriate
therapy, which traditionally relies on glucocorticoids (GC), often ineffective and
associated with a high incidence of side effects. Consequently, recent years have
seen the exploration of immunosuppressants like Tocilizumab (TCZ). However,
questions remain regarding the best therapeutic approach; the future appears to lean
towards increasingly personalized medicine, yet validated biomarkers are still
lacking.

The research presented in this thesis aimed to expand scientific knowledge on GCA,
laying the groundwork for future personalized medicine. The objectives were
twofold: to identify risk factors for severe complications of the disease and
predictive factors for treatment response.

The work is organized into four main sections:

- An introductory study on the epidemiology of GCA in the ATS Brescia area to
provide a clinical representation that informs subsequent studies. Patients
diagnosed with GCA residing in ATS Brescia were identified using the
capture/recapture method, combining administrative data (rare disease certification
at ATS) and clinical data (from major hospital databases). An average of 24 new
GCA diagnoses per year was identified, with a mean incidence of 4.5 cases per
100,000 inhabitants over 50 years of age. No significant variations in clinical
manifestations over time were observed, and the cohort characteristics were similar
to international reports, confirming its representativeness for the GCA-affected
population.

- An analysis of historical cohort data of GCA patients followed at ASST Spedali
Civili di Brescia aiming to identify prognostic factors of severity, focusing on large
vessel involvement, development of blindness, and hospitalization. Risk factors for
large vessel involvement included younger age at diagnosis and the presence of
systemic symptoms, while risk factors for blindness were older age and more

comorbidities at diagnosis, particularly hypertension and chronic kidney disease.

4



The patients at higher risk for hospitalization included smokers, those with
hypertension, chronic kidney disease, and comorbid conditions. Most
hospitalizations were due to infections or cardiovascular complications, suggesting
a possible correlation with the side effects of steroidal and immunosuppressive
therapies.

- An analysis of the current state of therapy for GCA, focusing on GC- side effects
and steroid-sparing effect of TCZ. Approximately 90% of patients developed at
least one side effect, with GC-induced damage correlated with the cumulative GC
dose and the presence of comorbidities at diagnosis. The use of TCZ reduced the
cumulative GC dose by 25%, decreasing associated damage and the risk of disease
relapse.

- A study on the identification of new biomarkers, analyzing the potential role of
lymphocyte subpopulations (Th17 and Treg), which may be implicated in the
disease's pathogenesis. Th17 cells, which are pro-inflammatory, decreased post-
treatment, especially in responder patients transitioning from an active to an
inactive disease state. No significant changes in Treg cells were observed, although
a slight trend towards reduction was noted.

Lastly, Section 2 of the thesis includes research projects dedicated to other systemic
vasculitides, such as Eosinophilic Granulomatosis with Polyangiitis (EGPA) and

ANCA -associated vasculitides (AAV).



SECTION 1:

DEVELOPMENT OF NEW PERSONALIZED DIAGNOSTIC AND
THERAPEUTIC STRATEGIES IN GIANT CELL ARTERITIS:

IDENTIFICATION OF NEW MARKERS FOR DISEASE SUBSETS
AND PREDICTORS OF THERAPEUTIC RESPONSE



1.1 BACKGROUND
1.1.1 DEFINITION

Giant cell arteritis (GCA) is a systemic vasculitis that affects large-caliber vessels,
such as the aorta and epiaortic vessels, with a particular preference for the arterial
branches of the carotid and vertebral arteries. The frequent and typical involvement
of the temporal artery led to the term "temporal arteritis," which was historically
used to refer to this condition. However, this nomenclature is now considered
outdated, as the disease affects more than just the superficial temporal artery. It is
also historically known as Horton's arteritis, named after Dr. Arthur Columbus

Horton, who first described its clinical features in 1932 [1].

1.1.2 EPIDEMIOLOGY

GCA is arare disease with a global prevalence of less than 0.05% and an incidence
ranging from 4 to 20 cases per 100,000 inhabitants. There are few epidemiological
studies on the disease in the literature, predominantly conducted in Northern
European countries and the United States, particularly in Olmsted County,
Minnesota. To date, the only epidemiological studies on GCA in Italy have been
carried out in the geographically limited area of the province of Reggio Emilia. The
cited studies have not demonstrated complete concordance, revealing differences in
the analyzed cohorts based on geographic territory.

In Scandinavian countries, the incidence of GCA is significantly higher. Iceland
appears to have the highest number of diagnoses, with a biopsy-proven incidence
of 43.6 cases per 100,000 inhabitants reported in a recent prospective study
conducted over a 39-year period [2]. Similarly, in Sweden, another study recorded
an incidence of 14.1 cases per 100,000, again using temporal artery biopsy (TAB)
as a diagnostic criterion [3]. In Olmsted County, Minnesota, the incidence is
comparable to that of Scandinavian countries, as the residents have Northern
European ancestry [4]. Populations belonging to the same ethnic background
exhibit similar risks; it is likely that unidentified genetic and possibly environmental
factors significantly influence the risk of GCA across different populations. In

contrast, the incidence of GCA is much lower in Japan (1.5 cases per 100,000) [5]
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and Turkey (1.1 cases per 100,000) [6], while data and studies on African, South
American, and continental Asian countries are lacking.

In Italy, the two main epidemiological studies on GCA focused on the province of
Reggio Emilia, which will be referenced for Italian data, as it is the only area studied
sufficiently to represent the national epidemiological reality of GCA, albeit within
a limited scope.

The first study is a retrospective cohort study that identified patients diagnosed with
GCA via temporal artery biopsy over a 26-year period, from 1988 to 2012. The
biopsy-proven incidence of GCA in individuals over 50 years of age was found to
be 5.8 cases per 100,000, increasing to 7.4 cases per 100,000 when considering only
women aged over 50. In men over 50, the incidence was 3.3 cases per 100,000,
representing a reduction of more than half. The prevalence in 2012 for the entire
population was 30.4 cases per 100,000, with a significantly higher prevalence in
women (45.3 cases per 100,000) compared to men (14.9 cases per 100,000). When
focusing on individuals older than 50 years, the prevalence rose to 87.9 cases per
100,000, confirming a higher incidence in females and among the elderly
population [7].

To investigate the full spectrum of clinical forms of GCA, another epidemiological
study was recently conducted in the province of Reggio Emilia, utilizing different
inclusion criteria. This study not only considered patients with the cranial
phenotype of GCA and thus positive TAB but also subjects with large vessel GCA
(LV-GCA) phenotypes without temporal artery involvement, where the TAB is
negative, necessitating imaging of large vessels for diagnosis. The incidence of
GCA in the population above 50 years was found to be 8.3 cases per 100,000, which
is greater than previously reported, with an overall incidence in line with other
Southern European countries. This study of both phenotypes allowed for the
observation of epidemiological differences between cranial GCA and large vessel
GCA. Notably, the majority of patients (60%) presented with cranial GCA, 25%
had exclusive involvement of large vessels (LV-GCA), and 15% exhibited both
positive TAB and manifestations of large vessel involvement. The annual incidence
of cranial GCA was observed to be double that of LV-GCA, with the incidence in

females consistently greater—approximately double—across both phenotypes.



Regarding the incidence of the two different phenotypes across various age groups,
the annual incidence rate of cranial GCA peaked among those aged 80 to 89 years,
whereas LV-GCA showed a more premature peak, with a fivefold increase
observed between the 50-59 and 60-69 age groups, stabilizing thereafter. The
prevalence reported in the province of Reggio Emilia as of December 2016 was
41.9 cases per 100,000 for the total population, and 101.3 cases per 100,000 when

considering only individuals over 50 years of age [8].

1.1.3 PATHOGENESIS

From a pathogenic perspective, GCA is considered a multifactorial disease, where
age, sex, genetic predisposition, and environmental factors play a predominant role.
Genome-wide association studies (GWAS) have shown a strong association
between GCA and certain gene variants within the major histocompatibility
complex (MHC), particularly the HLA (Human Leukocyte Antigen)-DRB104:04,
HLA-DQA103:01, and HLA-DQB1*03:02 variants. The amino acids encoded by
these genes are located in the binding pocket of the MHC molecule, confirming the
role of adaptive immunity and the potential antigen-mediated pathogenesis of GCA
[9]. Other studies have demonstrated a possible role for non-HLA gene variants
related to genes involved in angiogenesis and vascular remodeling mechanisms,
such as PLG and P4HA2, and genes regulating CD4+ helper T (Th) cells and
regulatory T cells (Treg), particularly the PTPN22 gene [10]. Specific
environmental triggers directly involved in the pathogenesis of GCA have not yet
been identified, although some epidemiological studies have noted a periodic
increase in GCA incidence with six-year peaks, correlating it with viral outbreaks
[11]. In addition, studies conducted on superficial temporal artery biopsies have
identified various viral sequences, particularly from the varicella-zoster virus
(VZV), but no sufficiently strong causal link has been demonstrated to support its
pathogenic role [12].

Immunopathological and histopathological studies have shown the presence of an
inflammatory infiltrate in the arterial wall, predominantly composed of CD4+ Th
cells and macrophages, which subsequently differentiate into multinucleated giant

cells, leading to the formation of non-caseating granulomas [13]. Local vascular
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inflammation appears to be initiated by the activation of dendritic cells (DC) located
in the adventitia of arteries, in response to an unknown antigen. Once activated,
DCs process and present the antigen, expressing MHC class II and costimulatory
molecules, such as CD83 and CD86, which are required for the activation and
differentiation of two specific Th cell subpopulations. On one hand, IL
(Interleukin)-12 and IL-18 production stimulates the differentiation of Th1 cells and
the production of IFN (Interferon)-y, which is markedly expressed in the walls of
arteries affected by GCA and plays a crucial role in macrophage activation and
granuloma formation [14]. On the other hand, the production of IL-1f, IL-6, IL-12,
IL-22, and IL-23 stimulates the differentiation and survival of Th17 cells, which
produce IL-17A, an interleukin with pleiotropic effects on various cell types,
including macrophages, endothelial cells, vascular smooth muscle cells (VSMCs),
and fibroblasts. Treg cells are also present in vascular lesions, but it has been
hypothesized that, under the influence of IL-6, these cells may lack suppressive
activity and instead produce IL-17A, contributing to the pathogenesis of GCA [15].
B lymphocytes have also been detected within the inflammatory infiltrate,
appearing to contribute to T cell activation and potentially forming tertiary
lymphoid organs, though the significance of this finding is not yet fully understood
[16]. CD16+ non-classical macrophages are primarily responsible for vascular
damage, producing various pro-inflammatory cytokines with both local and
systemic effects. The expression of IL-1f3, TNF (Tumor Necrosis Factor)-a, IL-33,
IL-6, and various chemokines promotes the differentiation of VSMCs into a pro-
inflammatory phenotype and induces the expression of endothelial adhesion
molecules, which are necessary for the recruitment of additional lymphocytes and
monocytes. In particular, IL-6 expression has been demonstrated in temporal artery
biopsies from GCA patients, and a correlation between IL-6 levels and disease
activity has been observed [17,18]. Simultaneous synthesis of VEGF (Vascular
Endothelial Growth Factor), bFGF (basic Fibroblast Growth Factor), and PDGF
(Platelet-Derived Growth Factor) by macrophages and multinucleated giant cells
induces neovascularization, or the formation of new vasa vasorum within the
arterial wall, facilitating the further recruitment of circulating leukocytes and

meeting the metabolic demands needed to sustain the inflammatory process [19].
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Vascular damage leads to the loss of VSMCs in the media layer, which may be due
to oxidative damage from ROS (Reactive Oxygen Species) produced by
macrophages and VSMC apoptosis induced by cytotoxic CD8+ T cells, which are
often present in the inflammatory infiltrate [20,21]. Additionally, an imbalance
between proteolytic and anti-proteolytic functions is observed. Increased synthesis
of matrix metalloproteinases, MMP9 and MMP2, with elastinolytic activity, and
reduced synthesis of their inhibitors, TIMP1 and TIMP2, result in the destruction
of the arterial internal elastic lamina, potentially explaining the occurrence of some
GCA complications, particularly aortic aneurysms [22]. Vascular damage leads to
vascular remodeling, characterized by intimal hyperplasia and occlusion of the
vascular lumen, underlying the ischemic complications of GCA. Specifically,
macrophages and damaged VSMCs produce various growth factors and cytokines
that promote the myofibroblastic differentiation of VSMCs and their migration to
the intima. Myofibroblasts subsequently synthesize extracellular matrix proteins,
such as fibronectin, collagen I, collagen III, and angiogenin, contributing to
vascular remodeling. Among the factors implicated in this process are PDGF, FGF
(Fibroblast Growth Factor)-2, TGF (Transforming Growth Factor)-B, EGF
(Epidermal Growth Factor), endothelin-1, and several neurotrophic factors. In vitro
studies on cell cultures derived from superficial temporal artery biopsies from GCA
patients have shown that PDGF is the main factor contributing to the proliferation
and migration of the human temporal artery-derived myointimal cell (HTAMC)
population [23].

1.1.4 CLINICAL MANIFESTATIONS

The clinical onset of GCA tends to be subacute or acute, often preceded by
nonspecific constitutional symptoms. Subsequently, inflammation of the vascular
wall and tissue ischemia lead to the typical symptoms of the disease, which are
specific to the affected vascular region. The average latency period between clinical
onset and diagnosis is approximately 7 months, although it can range from 1 to 48

months [24].
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1.1.4.1 CONSTITUTIONAL SYMPTOMS

Constitutional symptoms associated with GCA are common at the onset and include
fever, weight loss, anorexia, musculoskeletal pain, and general malaise. Fever is
observed in more than 25% of cases and may even be the only presenting symptom
[24]. A Belgian study estimated that one in six cases of fever of unknown origin

(FUO) in individuals aged 65 or older is due to GCA [25].

1.1.4.2 POLYMYALGIA RHEUMATICA

In 40-60% of patients, GCA is associated with polymyalgia rheumatica (PMR).
This condition is characterized by symmetrical proximal polyarthralgia, myalgia,
and morning stiffness. Pain symptoms mainly affect the pelvic girdle, shoulder
girdle, and posterior cervical region. Morning stiffness typically lasts for several
hours, and in some cases, it can persist throughout the day. Occasionally, stiffness
may arise even after a short period of physical inactivity (the "gelling"
phenomenon). Shoulder girdle symptoms are often due to subdeltoid/subacromial
bursitis, biceps tenosynovitis, or less frequently, glenohumeral synovitis. Pelvic
girdle symptoms, on the other hand, are secondary to hip bursitis or tenosynovitis
involving the tendons of the gluteal or leg muscles. Rarely, PMR may be associated
with RS3PE syndrome (Remittent Seronegative Symmetrical Synovitis with Pitting
Edema), characterized by symmetric, seronegative, distal synovitis, predominantly

affecting the hands [26].

1.1.4.3 CRANIAL SYMPTOMS

Headache is the most common symptom reported by patients at clinical onset.
Classically, it presents as a new-onset unilateral throbbing headache in the temporal
region, indicating involvement of the superficial temporal artery, but it may also
extend to the frontal and/or occipital regions and can be bilateral. It does not exhibit
the typical characteristics of other types of headaches (such as tension-type, cluster,
or migraine) and is generally unresponsive to standard headache medications.
Additionally, it tends to progressively worsen over time and is often associated with
scalp hyperalgesia [27].
12



Masseter claudication occurs in approximately 50% of cases and is caused by
involvement of the internal maxillary artery or one of its branches. It is
characterized by cramp-like pain and mandibular fatigue that arise during chewing
and subside with rest. In some cases, masseter claudication can lead to trismus and
limitation of temporomandibular joint movement, either real or perceived [28].

In less than 10% of cases, lingual claudication can occur, characterized by
glossodynia and macroglossia [29]. An even smaller percentage of cases may
present with pharyngeal claudication, marked by dysphagia due to the involvement
of the ascending pharyngeal artery. Scalp necrosis and lingual infarction are now
rare, but they were previously reported in patients with long-standing, untreated
GCA with bilateral involvement of the lingual arteries or arteries supplying the

scalp [30][31].

1.1.4.4 OCULAR MANIFESTATIONS

Ocular symptoms are present in more than one-third of GCA patients and are caused
by ischemic damage to the optic nerve, due to involvement of one or more branches
of the ophthalmic artery. In most cases, ocular symptoms begin with transient vision
loss (amaurosis fugax), which can be monocular or binocular. Patients may also
experience peripheral visual field narrowing or blurred vision. If these symptoms
are not recognized and promptly treated, progressive arterial occlusion leads to
irreversible ischemic damage, resulting in permanent vision loss, which can be
partial or complete, and either monocular or binocular. This condition affects 15-
20% of patients.

Several risk factors have been studied to stratify the risk of blindness, including
hypertension, thrombocytosis, masseter claudication, and age. However, the only
factor proven to be predictive is amaurosis fugax [32]. Additionally, elevated serum
levels of acute-phase proteins, particularly C-reactive protein (CRP), correlate with
a higher risk of visual symptom progression [33]. Prompt steroid therapy reduces
the risk of developing visual symptoms and their progression to irreversible
blindness or involvement of the contralateral eye in patients with initial monocular

involvement [34].
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In about 85% of cases, the cause of permanent vision loss is arteritic anterior
ischemic optic neuropathy (A-AION), due to involvement of the short posterior
ciliary arteries, which are the branches of the ophthalmic artery primarily
responsible for vascularizing the optic nerve. Less common is arteritic posterior
ischemic optic neuropathy (A-PION), resulting from involvement of branches of
the pial arteries, which supply the retrobulbar portion of the optic nerve. Another
infrequent cause is central retinal artery occlusion (CRAQ), and even rarer is branch
retinal artery occlusion (BRAO). A relatively rare cause of blindness is cerebral
ischemia of the occipital lobe due to vertebrobasilar insufficiency. This typically
presents with homonymous hemianopsia, but in even rarer cases, occipital
infarction can extend bilaterally, causing cortical blindness.

Ocular motility disorders occur in approximately 5% of GCA cases and are mainly
due to the involvement of the muscular branches of the ophthalmic artery. They can
also result from ischemia of the oculomotor nerve, trochlear nerve, abducens nerve,
or one or more motor nuclei of these cranial nerves, which are located in the pons
and midbrain. Diplopia, often transient, is the most frequent symptom and has high
specificity for GCA when considered in this clinical context [35].

Charles Bonnet syndrome is a condition associated with vision loss, characterized
by the occurrence of complex visual hallucinations in patients without psychiatric

disorders. It is rare in GCA [36].

1.1.4.5 NEUROLOGICAL MANIFESTATIONS

Involvement of the central nervous system (CNS) in GCA is rare and the most
common manifestation is ischemic stroke.

The main characteristic of ischemic stroke due to GCA is involvement of the
vertebrobasilar system, which is observed in more than 50% of cases and is highly
suggestive of GCA, especially when it occurs bilaterally. Common symptoms
include vertigo, ataxia, dysarthria, homolateral hemianopia, or cortical blindness
[37]. In contrast, ischemic stroke due to vertebrobasilar insufficiency is five times
less frequent than stroke caused by internal carotid insufficiency in the general

population [38].
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1.1.4.6 LARGE VESSEL GCA

In about two-thirds of patients with GCA, the disease also affects the aorta and
larger arteries. This subset is termed "large vessel GCA" (LV-GCA), which can
manifest with or without cranial involvement. There are notable differences
between the clinical and diagnostic profiles of cranial GCA (C-GCA) and LV-
GCA. One major difference is the age of onset: patients with LV-GCA tend to be
younger than those with cranial involvement. A study of 240 patients with
radiographic evidence of LV-GCA found an average onset age of 68 years for LV-
GCA compared to 76 years for C-GCA.

Another significant difference is the clinical presentation. While cranial symptoms
like headache, jaw claudication, or vision loss are absent in LV-GCA, constitutional
symptoms such as fever and weight loss are more frequent and may be the sole
manifestation of the disease. This lack of typical cranial symptoms often leads to a
delayed diagnosis, with a median latency of 3.5 months compared to 2.2 months for
C-GCA [9].

Among large vessels, the subclavian arteries are most frequently affected in LV-
GCA, with a typical bilateral involvement. This manifests clinically as intermittent
claudication of the upper limbs, arterial bruits, and reduced distal blood pressure.
Iliac and lower limb arteries are less commonly involved. Although subclavian
artery involvement leads to progressive stenosis, complete vascular occlusion is
rare.

Visceral and coronary artery involvement is infrequent but associated with a poor
prognosis. Coronary arteritis occurs in less than 2% of GCA cases and is often
identified post-mortem following a fatal acute myocardial infarction (AMI).
Patients with GCA and acute coronary syndrome (ACS) also face a high rate of
restenosis (36-78%) [39].

Non-productive cough is a relatively common symptom in GCA, though its cause
is unclear. It may be linked to involvement of the pharyngeal, bronchial, or
ascending pharyngeal arteries. Mesenteric artery involvement can present with
postprandial abdominal pain (abdominal claudication), though progression to

intestinal infarction is rare but serious [40].
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The subclinical progression of large vessel involvement increases the risk of
complications, such as aortic aneurysms, dissections, and valvular disease. Aortic
aneurysms occur in 10-20% of patients, often developing 5 to 10 years after the
initial diagnosis of LV-GCA. Thoracic aortic aneurysms are more common than
abdominal aortic aneurysms, with a 17-fold increased risk for thoracic aneurysms
compared to a 2.4-fold increase for abdominal aneurysms. Aortic dissections and
ruptures, occurring primarily in the thoracic aorta, are seen in 1-6% of patients [41—

44].

1.1.5 DIAGNOSIS

The diagnosis of GCA should be considered in individuals over the age of 50 who
present with or have experienced one or more of the following symptoms or signs:
new-onset headache, visual disturbances, jaw claudication, upper limb claudication,
fever of unknown origin (FUO), anemia, or other constitutional symptoms and
signs, along with elevated inflammatory markers. Additionally, a current or
previous diagnosis of polymyalgia rheumatica (PMR) significantly raises the
suspicion of GCA, especially when associated with any of the aforementioned
indicators. Patients diagnosed with PMR should therefore be closely monitored and

informed about the potential development of GCA symptoms during follow-up.

1.1.5.1 OPHTHALMOLOGICAL EXAMINATION

The fundoscopic examination (fundus exam) is recommended for patients with
subjective visual acuity alterations. In patients with amaurosis fugax, the exam may
appear normal or may show cotton-wool spots on the retina, indicative of localized
retinal ischemia. In patients with arteritic anterior ischemic optic neuropathy (A-
AION), the examination reveals papilledema and a waxy pallor of the optic nerve
head, typically as a late finding.

For patients with arteritic posterior ischemic optic neuropathy (A-PION), the
fundoscopic exam may not reveal signs of optic nerve involvement, as the
retrobulbar portion of the nerve is affected. In such cases, examining pupillary

reflex changes can help assess unilateral optic nerve involvement.
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In patients with central retinal artery occlusion (CRAO) or branch retinal artery
occlusion (BRAO), the fundoscopic exam may show retinal microhemorrhages
(cherry-red spot) or stenotic or occluded retinal vessels. Diplopia is usually
transient but, if present, may be associated with reduced extraocular movements. In
cases of diplopia due to brainstem ischemic stroke, the exam might reveal skew
deviation, a vertical misalignment not attributable to ocular palsy, and the patient

may present with monocular or binocular blindness [45].

1.1.5.2 LABORATORY TESTING

GCA is characterized by systemic inflammation, which can be demonstrated
through blood tests. Specifically, the complete blood count (CBC) may show the
presence of normochromic and normocytic anemia, typically mild to moderate in
severity, along with reactive thrombocytosis, while the white blood cell count is
often normal or only slightly elevated, even in patients with systemic inflammation.
Inflammatory markers, such as the erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP), are frequently elevated. Although not specific biomarkers,
these are commonly used in clinical practice to help guide the diagnosis of GCA,
though normal values should not exclude a possible diagnosis. Additionally, ESR
and CRP are monitored during follow-up to assess the risk of disease relapse. About
30% of patients show elevated serum concentrations of liver enzymes, particularly
alkaline phosphatase, while albumin levels may be moderately reduced. These

parameters tend to normalize quickly with glucocorticoid treatment [46].

1.1.5.3 HISTOPATHOLOGIC FINDINGS

The current gold standard for diagnosing GCA is a temporal artery biopsy (TAB)
[47]. However, the waiting period for conducting a TAB and receiving histological
results should not delay the initiation of glucocorticoid therapy, which should be
started promptly to prevent ocular complications, despite the treatment reducing the
sensitivity of the TAB. A study on 78 subjects with suspected GCA who underwent
TAB during treatment at different time intervals revealed that the rates of patients

with a positive TAB at less than 2 weeks, less than 4 weeks, and more than 4 weeks
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were 78%, 65%, and 40%, respectively. In some patients, TAB can still be
diagnostic even weeks or months after starting steroid therapy [48].

The biopsy procedure involves removing a segment of the superficial temporal
artery. The extracted segment should be at least 1-2 cm long because GCA affects
the arterial walls in a segmental manner, and a shorter segment could miss the
lesions (skip areas), leading to a false negative result.

Histological analysis of the sample typically shows granulomatous panarteritis
(TMI, Trans-Mural Inflammation), often more pronounced in the tunica media and
composed of CD4+ Th lymphocytes, macrophages, and multinucleated giant cells,
which are quite common. However, their absence should not preclude a diagnosis.
The internal elastic lamina is often fragmented, sometimes even in the absence of
an inflammatory infiltrate; the significance of this finding is uncertain but should
not be considered a marker of disease activity [49]. On the other hand, fibrinoid
necrosis is never present in GCA; its presence may suggest necrotizing vasculitis.
In addition to this classic pattern, three other inflammatory patterns associated with
GCA have been described: small vessel vasculitis (SVV), limited to the vessels in
the peri-adventitial connective tissue; vasa vasorum vasculitis (VVV), limited to
the adventitial vasa vasorum; and a pattern with inflammation limited to the
adventitia (ILA), where inflammation extends from the perivascular area to the
surrounding adventitia without involving the tunica media. A study conducted on
888 TABs from 871 patients between 1986 and 2013 showed that of the 354
(39.9%) positive biopsies, 274 cases (77.5%) were TMI, 32 cases (9%) were SVV,
25 cases (7%) were ILA, and 23 cases (6.5%) were VVV [50]. In these patterns,
granulomas and multinucleated giant cells are rarely present, with lymphocytes and
macrophages predominating.

TAB is highly specific but has variable sensitivity, influenced by the length of the
biopsy segment. Sensitivity is highest with biopsy segments of 1.5-2 cm, while
shorter segments increase the risk of false negatives [51]. A systematic review
found a sensitivity of 86.9%, and a meta-analysis identified jaw claudication and
diplopia as the symptoms most strongly associated with a positive biopsy, with

likelihood ratios of 4.2 and 3.4, respectively [52].
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1.1.5.4 IMAGING

Color Doppler Ultrasound (CDUS) has been proposed as a non-invasive alternative
to biopsy for diagnosing GCA. While it has clear advantages, such as being non-
invasive and low-cost, it exhibits lower sensitivity and specificity and is operator-
dependent [53] (Dejaco, et al., 2018).

In C-GCA, the superficial temporal artery shows the "halo sign" on CDUS,
indicating wall edema. The OMERACT group defined this sign as a homogeneous,
hypoechoic, and well-demarcated thickening of 0.3-2 mm of the arterial wall.
Additionally, when compressing the arterial lumen with the ultrasound probe, the
halo sign persists, known as the "compression sign," which is also specific for C-
GCA. Other detectable signs include stenosis and occlusions, but these do not
significantly improve diagnostic sensitivity or specificity. CDUS offers multiple
benefits: low cost, non-invasiveness, no exposure to ionizing radiation, and the
provision of both structural and functional information about the analyzed vessel.
However, its primary limitation lies in variable sensitivity and specificity across
studies. For example, a meta-analysis of 285 patients evaluated with both CDUS
and temporal artery biopsy (TAB) estimated a sensitivity of 68% and specificity of
91%. A systematic review of ten studies involving 696 patients reported a
sensitivity range of 55-100% and specificity of 78-100%. This variability may stem
from the operator-dependent nature of CDUS, the type of technical equipment, and
the clinical context [54] [55]. Furthermore, the halo sign tends to disappear within
2-4 weeks after starting steroid therapy, so CDUS should ideally be performed as
soon as possible, preferably within one week of initiating treatment, without
delaying the therapy.

Based on this, the EULAR (European League Against Rheumatism) guidelines
recommend using CDUS of the temporal and axillary arteries as the first diagnostic
investigation to confirm suspected C-GCA [53].

In diagnosing suspected GCA, early identification of large vessel involvement is
essential, but no validated markers currently exist to assess the risk of severe aortic
involvement. Imaging techniques, including CDUS, 18FDG-PET, MRI, MRA, and
CT, are crucial for diagnosing large vessel GCA, each with unique advantages and

limitations. The 2021 ACR/VF guidelines recommend imaging studies for patients
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with a new diagnosis of GCA to evaluate potential large vessel involvement.
However, many questions remain regarding the choice of imaging modality and
timing [47].

CDUS is used to study axillary arteries and allowed to identify increased intimal-
medial thickness (IMT), with cut-off values of 1 mm, but can’t evaluate thoracic
arteries. CTA identifies luminal alterations, wall thickening, and the "double ring
enhancement" sign can be observed. CTA has higher spatial resolution and shorter
execution time compared to MRA, but exposes patients to high doses of ionizing
radiation. A single study on CTA in diagnosing LV-GCA reported a sensitivity of
73% and specificity of 78% [56] [57]. The 18FDG-PET shown sensitivity and
specificity rates of 67-77% and 66-100%, respectively. Limitations include low
availability, high costs, and significant radiation exposure, though it can help
exclude concurrent diseases, particularly neoplastic ones. Whole-body scintigraphy
using hybrid machines (18FDG-PET/CT) significantly improves diagnostic
accuracy.

For MRI, MRA is recommended, preferably with a 3T scanner, evaluating the aorta
and major branches from the carotid bifurcation to the iliac bifurcation, including
axillary and brachial arteries. Sequences like black-blood, STIR, and T1-weighted
should be acquired pre- and post-contrast to assess arterial narrowing, dilation,
thickening, and increased contrast uptake, which may indicate active inflammation,
although its role in monitoring recurrences is unproven [53].

In conclusion, following EULAR recommendations, imaging is vital for diagnosing
LV-GCA. EULAR guidelines suggest using 18FDG-PET and CT as first-line
diagnostic investigations, reserving other imaging techniques for uncertain cases.
Furthermore, traditional angiography should be excluded from the diagnostic

process due to invasiveness and inability to adequately visualize arterial walls [53].

1.1.5.5 CLASSIFICATION CRITERIA OF GCA

The classification criteria for GCA are not intended for establishing a clinical
diagnosis. In 1990, the American College of Rheumatology (ACR) established
classification criteria for major forms of vasculitis, including GCA. Five parameters

were identified: age of onset > 50 years, new localized headache, swelling and
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thickening of the superficial temporal artery, erythrocyte sedimentation rate (ESR)
> 50 mm/h, and a temporal artery biopsy (TAB) suggestive of GCA. The presence
of three or more of these criteria was sufficient to classify a patient as having GCA,
with a sensitivity of 93.5% and specificity of 91.2% [58]. Originally developed to
differentiate GCA from other forms of vasculitis in research contexts, these criteria
do not possess sufficient sensitivity and specificity for diagnosing individual
patients, expecially patients with Large Vessel involvement. However, they can still
serve as a helpful reminder for clinicians regarding key factors relevant to making
a GCA diagnosis.

These criteria were recently updated in 2022 by the ACR and the European Alliance
of Associations for Rheumatology (EULAR). The updated criteria employ a
weighted algorithm that incorporates clinical, laboratory, imaging, and biopsy
factors. This new approach aims to better identify patients whose disease primarily

affects the large vessels, such as the aorta and axillary arteries [59].

1.1.6 THERAPY

1.1.6.1 GLUCOCORTICOIDS

The treatment for GCA primarily involves the use of high-dose glucocorticoids
(GCs), which should be initiated as early as possible to minimize the risk of acute
complications, particularly ocular ones.

According to EULAR recommendations, in the absence of ocular manifestations,
the recommended starting dose is 1 mg/kg/day of prednisone or an equivalent oral
glucocorticoid, typically between 40-60 mg/day. If the patient exhibits ocular
symptoms, it is advisable to start with intravenous boluses of methylprednisolone
at doses of 250-1,000 mg/day for at least three days, followed by oral GCs at the
previously mentioned dosages [60]. Once the disease is in remission—defined as
the absence of clinical symptoms and normalization of erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP)—a gradual reduction in GC dosage can
begin. EULAR guidelines suggest reducing the dose to 15-20 mg/day within 2-3

months, followed by a decrease to 5 mg/day or less after the first year. The optimal
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duration of steroid therapy is not fully established, but most experts agree that it
should not be discontinued before two years [60].

The tapering process should be closely monitored through clinical and laboratory
follow-up, with dosage adjustments made only if the patient remains in sustained
remission. However, approximately 40% of patients may experience vascular
progression or disease relapse during this tapering phase. In large vessel GCA,
relapses may also include the progression of aortic stenosis or dilation, or the
occurrence of aortic dissection. In such cases, in addition to treating specific
complications, it is necessary to reinstate high-dose GC therapy and/or consider

immunosuppressive therapy.

1.1.6.2 TOCILIZUMAB

During the tapering of glucocorticoids (GCs), about 40% of patients may
experience a relapse or progression of vascular disease. Moreover, chronic use of
GCs is associated with over 80% incidence of side effects, including diabetes
mellitus, hypertension, early atherosclerosis, cardiovascular diseases, infections,
and osteoporosis. Consequently, there has been increasing interest in using
immunosuppressive drugs as steroid-sparing agents in conjunction with GCs,
although guidelines for their use are still being defined. The 2018 EULAR
recommendations suggest that steroid-sparing drugs should be considered as an
additional therapy for patients who develop relapses, have refractory disease, or
experience complications from GCs, particularly those at high risk for GC-related
side effects [60]. Conversely, the 2021 ACR guidelines recommend the use of an
immunosuppressive agent, specifically Tocilizumab (TCZ), for all newly diagnosed
GCA patients [47].

Both guidelines agree that TCZ should be the first-line steroid-sparing drug. This
monoclonal antibody targeting the IL-6 receptor was approved by the FDA and
EMA in 2017 for GCA treatment. The use of TCZ is supported by two significant
randomized controlled trials (RCTs) showing that adjunctive therapy with TCZ can
reduce the risk of relapse and cumulative GC dosage compared to steroid
monotherapy [61] [62]. In total, 170 GCA patients were treated across these studies,

both demonstrating TCZ’s superiority over placebo in achieving and maintaining
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disease remission after 52 weeks. However, long-term follow-up data reveal a 50%
relapse rate after discontinuation of therapy [63,64]. Due to the rarity of GCA and
TCZ’s recent approval, literature provides limited studies on its use in real-life
cohorts, although findings seem to confirm RCT results regarding both efficacy and
relapse risk upon withdrawal [65,66]. Currently, there is insufficient data to
establish the optimal duration of TCZ treatment or specific tapering regimens for
GCs and TCZ. Therefore, international recommendations advocate for

individualizing therapy based on patient’s clinical history and characteristics [60].

1.1.6.3 OTHER IMMUNOSUPPRESSIVE DRUGS

Conventional immunosuppressive drugs (¢cDMARDs), including Methotrexate
(MTX), have shown partial efficacy in GCA and are therefore considered second-
line treatments. Notably, there are currently no randomized controlled trials (RCTs)
evaluating MTX for GCA; its efficacy has only been assessed in observational
studies, which have yielded inconsistent results. A recent meta-analysis highlighted
that Tocilizumab (TCZ) significantly reduces the relapse rate and cumulative dose
of glucocorticoids in GCA patients after 52 weeks, while no other studied agents—
including MTX, cyclophosphamide, leflunomide, hydroxychloroquine, and
dapsone—have demonstrated similar efficacy [67]. Additionally, an RCT involving
Abatacept (ABA), a biological drug that inhibits lymphocyte costimulation, showed
that ABA could induce remission in 48% of patients with relapsing GCA [68]. In
contrast, tumor necrosis factor-alpha (TNF-a) inhibitors, such as Adalimumab and

Infliximab, have not proven effective in the treatment of GCA.

1.1.7 GLUCOCORTICOIDS ADVERSE EFFECTS

The risks associated with long-term high-dose glucocorticoid (GC) therapy are
significant. A study conducted on 120 GCA patients from 1950 to 1991 found that
86% experienced at least one adverse drug reaction (ADR) related to chronic steroid
use. Subsequent studies have reported lower incidence rates, sometimes below
16%, likely due to the incorporation of steroid-sparing medications into modern

treatment protocols. There is a clear correlation between the frequency and severity
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of ADRs and both daily and cumulative doses of GCs. A 2017 case-control study
revealed that high daily doses of prednisolone are linked to an increased risk of
serious ADRs. Specifically, patients on doses exceeding 30 mg/day had an adjusted
odds ratio (AOR) of 4.7 (95% CI: 2.8-7.8) for developing diabetes mellitus, 1.9
(95% CI: 1.2-2.9) for osteoporosis, 2.6 (95% CI: 1.6-4.3) for fractures, 3.5 (95%
CI: 2.0-6.1) for glaucoma, 3.3 (95% CI: 2.2-5.3) for severe infections, and 2.1 (95%
CI: 1.3-3.5) for mortality [69].

1.1.7.1 IMMUNOSUPPRESSIVE EFFECTS AND INFECTIONS

Systemic steroid therapy has an immunosuppressive effect that increases the risk of
infections. A retrospective study involving over 138,000 patients, primarily with
polymyalgia rheumatica and GCA, found an infection incidence of 160.7 per 1,000
person-years, with an increased risk among older patients. Bacterial infections were
the most common, and the risk rose with cumulative doses exceeding 7,300 mg of
steroids. Commonly reported infections included lower respiratory tract infections
(27.3%), conjunctivitis (8.6%), and herpes zoster (7.4%). Among hospitalized
patients, 26.7% experienced mortality within 30 days, with 8.7% dying within 7
days of admission. The leading causes of death were pneumonia (52.6%),
complicated urinary tract infections leading to sepsis (3%), and peritonitis (2.2%)
[70]. A prospective study involving 486 GCA patients reported similar findings.
The incidence of infections was 11.1 per 100 person-years for GCA patients
compared to 5.9 per 100 person-years for controls. Infections such as pneumonia
and septic shock were frequently observed and represented a significant cause of
mortality. The risk of infections and mortality was highest in the first year of
treatment and increased with age and conditions like diabetes. A prednisone dosage
exceeding 10 mg/day at the end of the first year was associated with a significantly

higher mortality rate from infections [71].

1.1.7.2 CUTANEOUS AND MUSCULOSKELETAL SIDE
EFFECTS

Another common adverse drug reaction (ADR) associated with glucocorticoids

(GC) 1is the occurrence of cutaneous side effects, particularly skin atrophy,
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characterized by thinning and increased fragility of the skin, which is often
accompanied by the appearance of bruising. The high frequency of these effects is
related to their manifestation even at low doses of chronic steroid therapy [72].
Osteoporosis is a significant side effect of systemic steroid therapy. Initially, GCs
increase bone resorption by stimulating osteoclastogenesis. However, with
prolonged use, there is a suppression of new bone formation due to reduced
proliferation and differentiation of osteoblasts, as well as increased apoptosis of
osteoblasts and osteocytes. A retrospective cohort study of over 12,000 patients
with PMR and nearly 2,700 with GCA showed a 14% incidence of osteoporotic
fractures, with hip and femur fractures being the most common. The overall fracture
risk was 63% in PMR patients and 67% in GCA patients compared to controls, with
a higher risk of vertebral and wrist fractures. Women aged 50-60 were particularly
affected, and fracture risk correlated with the dosage and duration of steroid
therapy, peaking in the first year but remaining significant beyond five years.
However, only a small percentage of patients received bisphosphonate therapy for
osteoporosis [73].

Other musculoskeletal ADRs, less frequent than osteoporosis, include avascular
necrosis (osteonecrosis) and steroid-induced myopathy. Osteonecrosis is relatively
rare and occurs only with very high and continuous doses of GC drugs. One study
reported an incidence of avascular necrosis of 0.004 events per patient-year. Steroid
myopathy is also a relatively infrequent event and manifests as symmetrical

proximal muscle weakness in both upper and lower limbs [74].

1.1.7.3 METABOLIC AND CARDIOVASCULAR SIDE EFFECTS

Hyperglycemia is one of the primary dose-dependent side effects of systemic
steroid therapy. GC drugs increase circulating glucose levels, particularly
postprandially. Moreover, PMR and GCA patients experience chronic systemic
inflammation, which contributes to insulin resistance, potentially contributing to
the high incidence of DM in this population. A meta-analysis of 25 studies
estimated a cumulative incidence of 6% for PMR patients and 13% for GCA
patients, with expected incidence rates of 4.8% and 7% over follow-up periods of

4.4 years for PMR and 6.4 years for GCA, respectively [75].
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Weight gain, particularly central obesity, is also frequent, with studies indicating
up to 70% of patients experiencing weight gain on steroid therapy [76].

Chronic therapy with high doses of GC can predispose individuals to develop
hypertension, although the underlying pathogenic mechanisms remain largely
unknown. Some authors suggest that hypertension may result from fluid retention,
which could explain the higher incidence of hypertension among individuals with
underlying cardiovascular and renal diseases. A retrospective cohort study
evaluating 71,642 patients with chronic inflammatory diseases, including
inflammatory bowel diseases, rheumatoid arthritis, PMR, systemic lupus
erythematosus, GCA, and other vasculitides reported hypertension in 34.8% of
patients, with an incidence rate of 46.7 per 1,000 person-years. The risk of
developing hypertension was higher during periods of steroid therapy and among
patients with higher cumulative doses, particularly in those with PMR and GCA
[77]. Cardiovascular diseases, including premature atherosclerosis and myocardial
infarction, are common complications. Dyslipidemia and iatrogenic Cushing's
syndrome, other common side effects of GCs, can contribute to the development of
atherosclerotic disease. A cohort study involving 1,420 PMR patients, 177 GCA
patients, and 261 patients with both conditions estimated a 50% incidence of
hypertension and 18% of major cardiovascular events (MI and stroke) [78] and a
retrospective cohort study of 785 GCA patients with a mean follow-up of 12 months
demonstrated a dose-dependent increase in the risk of cerebrovascular events [79].
Another ADR related to GC use is cardiac arrhythmias, particularly atrial flutter
and atrial fibrillation. A case-control study highlighted that the use of GC was much
more common among 20,221 patients with atrial flutter or fibrillation compared to
202,130 controls (6.4% vs. 2.6%). Furthermore, GC use was significantly
associated with an increased risk of atrial flutter or fibrillation (AOR = 1.9) [80].
Overall, both metabolic and cardiovascular side effects are significant concerns in
patients receiving systemic steroid therapy, particularly in those with underlying

conditions like GCA and PMR.
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1.1.7.4 GASTROINTESTINAL SIDE EFFECTS

The most frequent adverse drug reactions (ADRs) associated with glucocorticoids
(GCs) include chronic gastritis, peptic ulcers, and gastrointestinal bleeding. The risk
of these ADRs increases marginally with GCs alone, with a relative risk (RR)
between 1.1 and 1.5. However, when combined with non-steroidal anti-
inflammatory drugs (NSAIDs), the risk can increase up to fourfold compared to
individuals not taking either medication, and nearly double compared to those
taking only NSAIDs [81]. A study involving 785 patients with GCA reported
incidences of peptic ulcers and gastrointestinal bleeding at 6%, 6.6%, and 11.8%
for patients taking daily doses of prednisone of 1-25 mg, 25.1-40 mg, and over 40
mg, respectively, indicating a dose-dependent relationship for gastrointestinal
ADRs. Rare complications may include gastrointestinal perforation and hepatic

steatosis [82].

1.1.7.5 OPHTHALMOLOGICAL SIDE EFFECTS

Among the ophthalmologic ADRs, the most severe are cataracts, glaucoma, and
exophthalmos. Cataracts are often bilateral and develop slowly, more frequently in
the posterior subcapsular region. In patients with GCA treated with chronic steroid
therapy, cataract development is very common, likely due to the presence of other
risk factors such as systemic inflammation, diabetes mellitus (DM), and advanced
age. Open-angle glaucoma occurs less frequently than cataracts, primarily because
it manifests at higher doses of glucocorticoids (GCs). A cohort study in GCA
patients treated with GCs found an incidence of glaucoma of 0.022 events per
patient-year, whereas the incidence of cataracts was 0.158 events per patient-year,
making it one of the most commonly reported complications. Another observational
study conducted on 5,011 GCA patients estimated a glaucoma incidence of 4.2%,
with a higher risk of glaucoma onset during the first year of treatment [83].
Exophthalmos, along with eyelid and extraocular muscle edema, are very rare
complications that occur at very high doses of GCs and are associated with

Cushingoid features.
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1.1.7.6 ENDOCRINE SIDE EFFECTS

Among the endocrine ADRs associated with glucocorticoids (GCs) are iatrogenic
Cushing's syndrome, hirsutism, and suppression of the adrenal-pituitary axis.
Cushingoid features, such as central obesity, dorsal hump, and moon face, are
among the most common. Suppression of the hypothalamic-pituitary-adrenal axis
is a possible outcome, especially with abrupt discontinuation or rapid tapering of
steroid therapy. This condition is characterized by adrenal atrophy and a lack of
corticosteroid production due to the suppression of corticotropin-releasing hormone
(CRH) from the hypothalamus and adrenocorticotropic hormone (ACTH) from the
anterior pituitary. The occurrence of this ADR depends on the duration and dose of
GC therapy, with significant individual variability likely due to differences in GC
metabolism rates. In patients with GCA, this ADR is relatively uncommon.
However, a prospective study on 150 patients receiving chronic steroid therapy
estimated that up to 49% did not respond to an ACTH stimulation test, indicating
altered adrenal function. Of these, 53% continued to have altered adrenal function
after 12 months, and 15% after 36 months. In 5% of cases, a definitive diagnosis of

adrenal insufficiency was made [84].

1.1.7.7 NEUROPSYCHIATRIC SIDE EFFECTS

GCs are associated with various neuropsychiatric disorders, including emotional
lability, manic and hypomanic episodes, major depression, psychosis, delirium,
confusion, spatial and temporal disorientation, cognitive and memory deficits,
insomnia, and akathisia. Most of these conditions are moderate in severity and
generally reversible after stopping the therapy, except for akathisia, which may
persist. These side effects are more common in older individuals or those with a
history of neuropsychiatric disorders [85]. Steroid-induced psychosis is the only
condition proven to be dose-dependent, typically occurring with prednisone doses
of 20 mg/day or higher administered over prolonged periods. About 10% of cases
become persistent, requiring antipsychotic treatment [86]. Despite this, the overall
frequency of neuropsychiatric disorders in patients with GCA is low. A cohort study

of 8,777 GCA patients estimated an odds ratio (OR) of 1.04-1.05 for
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neuropsychiatric disorders and 0.98-1.06 for depression [87]. However, insomnia

appears to be more common, with an incidence of 30% in GCA patients [72].

1.1.8 FOLLOW-UP

1.1.8.1 CLINICAL AND LABORATORY FOLLOW-UP

The EULAR guidelines recommend follow-up visits every 1-3 months during the
first year after a GCA diagnosis, and then at intervals of 3-6 months. For patients
in sustained remission, annual follow-up is suggested. Each follow-up visit should
include clinical and laboratory monitoring. Routine lab tests should include
complete blood count (CBC) with leukocyte formula, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), serum protein electrophoresis, lipid profile,
blood glucose, HbAlc, and liver and kidney function tests [60]. A rise in ESR and
CRP typically signals disease relapse, though in a cohort study of 128 GCA
patients, 21% of those who relapsed had normal ESR and CRP levels [88]. It’s also
important to note that tocilizumab (TCZ) suppresses CRP production, so CRP and
ESR may remain normal in patients treated with TCZ. In the GiIACTA trial, disease
activity and relapses were assessed without considering CRP levels [61]. Other
potential relapse markers being investigated include osteopontin, plasma
calprotectin (S100A8/A9), and pentraxin 3 (PTX3), which are partly independent
of the IL-6 pathway. PTX3 levels tend to rise in cases of recent optic nerve
ischemia. Serum IL-6 levels also correlate with disease activity and appear to be a
better marker of relapse than ESR levels. However, none of these markers have
been fully integrated into clinical practice. Therefore, monitoring is still primarily
based on inflammatory markers and clinical data. Clinical follow-up should include
the evaluation of new or worsening symptoms, with particular attention to eye and
cardiovascular examinations. Monitoring should also focus on detecting

complications from pharmacological therapy [60].

1.1.8.2 IMAGING FOLLOW-UP

For long-term monitoring of vascular complications in large-vessel GCA (LV-
GCA), imaging techniques like MRA (Magnetic Resonance Angiography), CTA
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(Computed Tomography Angiography), and CDUS (Color Doppler Ultrasound) are
recommended. The frequency and type of screening should be determined on an
individual basis. The choice of imaging method depends on the number and type of
arteries affected and patient-specific factors, such as allergies to contrast agents
(MdC). For larger vessels like the aorta, MRA or CTA is preferred, while for
smaller arteries like the subclavian, axillary, and brachial arteries, CDUS may be
sufficient. Imaging follow-ups should be conducted both in patients in clinical
remission to monitor for complications such as aneurysms, dissections, and
stenosis, and in those suspected of disease relapse [53].

MRA is considered the best modality for monitoring disease activity in LV-GCA
patients undergoing treatment. It can identify both luminal changes and disease
activity by assessing wall thickness indicative of mural edema. Additionally,
alternative contrast agents like gadofosveset, which is better at distinguishing
between active and chronic vasculitis, have been proposed [56].

The role of 18FDG-PET/CT in diagnosing LV-GCA is well established, but its use
in follow-up remains under debate. Up to 55% of patients in clinical and/or
laboratory remission still show residual arterial 18FDG uptake. The interpretation
of this residual uptake is still under investigation. One hypothesis suggests that
residual 18FDG uptake reflects vascular remodeling, as vascular smooth muscle
cells (VSMC) and myofibroblasts can also absorb the tracer. Another hypothesis

suggests that it could indicate subclinical inflammation [56].

1.1.9 PROGNOSIS

GCA exhibits a variable course and duration. In some patients, the disease may
regress within 1-2 years, allowing for the discontinuation of steroid therapy, while
in others, it follows a chronic or relapsing course. GCA does not appear to
significantly impact overall quality of life (QoL). A case-control study that assessed
QoL using the SF-36 questionnaire found that up to 57% of patients experienced a
significant improvement during treatment. Moreover, those with complications
from GCA or steroid therapy did not show significant QoL differences compared
to those without complications. Visual impairments and mobility difficulties were
noted as major symptoms [89]. A recent analysis based on the GIACTA trial also
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demonstrated improved health-related QoL (HR-QoL) in patients treated with TCZ
and prednisone compared to those receiving a placebo and prednisone, further
indicating that TCZ enhances QoL in GCA patients [90]. Regarding life
expectancy, patients with cranial GCA (C-GCA) show no significant difference in
survival compared to the general population. However, those with large-vessel
GCA (LV-GCA) have a 2.4 times higher mortality risk than C-GCA, with a
standardized mortality ratio of 2.63 (95% CI: 1.78-3.73). LV-GCA patients are
more prone to frequent and earlier relapses and are often refractory to standard
treatments [42][91].

The leading causes of death include infections, mainly respiratory infections, and
cardiovascular events such as ischemic heart disease, aortic aneurysms, aortic
dissections, and ischemic strokes, all of which significantly affect QoL. A case-
control study conducted from 1972 to 2012, involving 2,577 controls and 881 GCA
cases, estimated a hazard ratio (HR) of 2.34 (95% CI: 1.15-4.80) for infections and
1.31 (95% CI: 1.13-1.51) for cardiovascular events. At the end of the study, the
average age at death was 83.5 years for GCA cases and 84.7 years for controls [92].
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1.2 RATIONALE AND AIMS

GCA is a systemic vasculitis marked by inflammation of large-caliber arterial
vessels. It typically presents with an acute or subacute onset, followed by a chronic
course often associated with severe, irreversible, and debilitating complications.
GCA is a rare condition, with an incidence ranging from 1 to 46 cases per 100,000
individuals over the age of 50.

The disease most commonly involves branches of the carotid artery, specifically
affecting the superficial temporal artery, which leads to symptoms such as temporal
headache, jaw claudication, and unilateral or bilateral blindness. In around two-
thirds of cases, GCA also affects the aorta and other large vessels.

Due to its rarity and often insidious onset, GCA is challenging to diagnose early,
which frequently results in diagnostic and therapeutic delays. These delays are
associated with an increased risk of serious complications. Accurate diagnostic
evaluation is essential to establish an effective treatment plan. The initial treatment
of GCA involves high-dose glucocorticoids, but long-term use is linked with an
incidence of side effects exceeding 80%, and approximately 40% of patients
experience relapses during dose tapering. Given these concerns, there has been
increasing focus on combining immunosuppressive drugs like Tocilizumab with
glucocorticoids.

Despite significant advancements in the diagnosis and treatment of GCA, many
questions remain about the optimal therapeutic approach for GCA patients. Based
on the aforementioned challenges, the future of GCA treatment seems to lie in
personalized medicine. Currently, there are no biomarkers available to identify
clinical subsets of GCA or predict relapse risk and therapeutic response.

This thesis aims to expand the scientific understanding of GCA and lay the
groundwork for future personalized approaches. The goal is twofold: to identify,
based on specific biomarkers, each patient's risk of developing severe
complications and to tailor treatments to prevent these; and to select the most
effective therapy for each patient by identifying predictive response factors.

The thesis is structured into four main sections:
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- An introductory study on the epidemiology of GCA in the ASST Spedali Civili di
Brescia, offering a clinical and scientific snapshot of the context on which the
following studies are based.

- A section focusing on the identification of prognostic factors for disease severity,
divided into three chapters: analysis of risk factors for large-vessel involvement (a
specific GCA subset), analysis of risk factors for blindness, and analysis of
hospitalization and mortality risk in GCA patients.

- A third section detailing the state-of-the-art treatment for GCA, with a specific
focus on risk factors for steroid-related side effects and prognostic factors for
response to innovative therapies, including Tocilizumab.

- A final section exploring new potential biomarkers of disease, including an
analysis of specific lymphocyte subpopulations that could serve as prognostic
factors for disease severity and predictive markers for therapeutic response.

This thesis presents my scientific contributions through the results of various
studies conducted over the last three years. My role in each study included active
participation in research design and execution, as well as serving as a

rheumatologist, writer, and statistician.
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1.3 STUDY ON THE INCIDENCE OF GIANT CELL
ARTERITIS IN ATS BRESCIA
1.3.1 AIM OF THE STUDY

GCA is arare disease, with a global prevalence of less than 0.05% and an incidence
of 4-20 cases per 100,000 inhabitants. In the literature, few epidemiological studies
have been conducted on GCA, mainly in Northern European countries and the
United States, particularly in Olmsted County, Minnesota [93]. To date, the only
epidemiological studies on GCA in Italy have focused on a limited geographic area,
namely the province of Reggio Emilia [7]. These studies have shown some
discrepancies in the analyzed cohorts, likely due to geographic variations.
Considering these gaps, a study was developed to examine the epidemiological
reality of GCA in the ATS Brescia area, a region that had not been studied from
this perspective before. The aim was to compare the findings with the few existing
studies in the literature to provide a broader context for GCA incidence and
characteristics.

The main objective of the study was to identify all patients diagnosed with GCA
over a 6-year period in a well-defined area to calculate incidence and prevalence of
the disease. Secondary aims of this study aims were to conduct the following
analyses:

- Demographic characteristics: evaluate the demographic features of the patient
cohort, focusing on age at diagnosis and gender distribution.

- Diagnostic process: Investigate how the diagnosis was made, assessing the
diagnostic methods used (both laboratory tests and imaging), the diagnostic setting,
and the time to diagnosis.

- Temporal changes: evaluate whether there were any significant changes in the
number of patients, their clinical manifestations, and diagnostic approaches over
the study period.

- Comparison with other epidemiological studies: conduct a comparative analysis
with the findings from the few other existing epidemiological studies on GCA, with

particular reference to the studies from the Reggio Emilia province.
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1.3.2 METHODS

GCA is a rare disease, and according to the guidelines of the Italian National Plan
for Rare Diseases (2013-2016), patients with rare disease need to be centralized in
third-level centers (expertise centers). These centers have a significant volume of
activity relative to the disease's prevalence, leading to higher experience and
expertise. Expertise centers can provide not only accurate diagnoses but also
appropriate follow-up and comprehensive patient care, adopting a multidisciplinary
approach. They also serve as referral centers for second-level hospitals, forming a
territorial network with close interaction between centers and centralizing the care
of patients with rare diseases.
In the ATS Brescia area, the Spedali Civili of Brescia is the only third-level center,
serving as the referral point for GCA diagnosis and follow-up for the entire ATS
region. It is also the only center authorized to issue rare disease certificates and
ticket exemptions for patients with GCA. Based on this framework, the
identification of patients was carried out using two main databases and three
secondary sources through the capture-recapture method. This method enhances the
likelihood of identifying all cases within the population. The data sources were as
follows:
- Database of patients diagnosed with GCA at the Rheumatology and Clinical
Immunology Unit of Spedali Civili di Brescia, the only third-level center in the
ATS Brescia region.
- Database of patients with rare disease certification for GCA registered with ATS
Brescia.
- Databases of the second-level centers located within the ATS Brescia area:

- ASST Franciacorta, Chiari Hospital

- San Camillo Clinic, Cremona

- ASST Spedali Civili, Montichiari Hospital
The study included patients residing within the ATS Brescia area who were
diagnosed with GCA between January 1, 2016, and December 31, 2021. This

comprehensive approach allowed for accurate identification and analysis of GCA
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cases within the specified region and time frame, ensuring that the study captured

a representative sample of the population affected by this rare disease.

1.3.3 RESULTS

A total of 141 patients were identified in the study. During the study period, an
average of 24 new diagnoses of GCA were made per year. Specifically, 26
diagnoses were recorded in 2016, 21 in 2017, 20 in 2018, 33 in 2019, 22 in 2020,
and 19 in 2021. This corresponds to an average incidence rate of 4.5 cases per
100,000 inhabitants aged over 50. Although some variability in the number of
annual diagnoses was observed, the difference was not statistically significant.
Analysis of the entire cohort revealed that the majority presented with a cranial
GCA (C-GCA) phenotype, with 92 patients (65.2%), while 27 patients (19.1%) had
a large-vessel cranial GCA (LV-C GCA) phenotype, and 22 patients (15.6%) had
large-vessel GCA (LV-GCA) without cranial involvement. There was a clear
female predominance, with 97 patients (68.8%) being female, and 44 patients
(31.2%) being male. The mean age at diagnosis was 74.1 years, with a median age
of 74 years (interquartile range: 69-79 years).

The diagnostic delay, defined as the time from symptom onset to diagnosis, had a
median of 4 weeks. The most common diagnostic setting for GCA was during
hospitalization, which accounted for 99 cases (70.2%). This was followed by
outpatient diagnoses in 36 cases (25.5%). Diagnoses made in the emergency
department or observation unit (OBI) were less frequent, with 6 cases (4.3%).
Clinical and demographic data were categorized by the year of diagnosis to detect
any changes over the study period in the clinical manifestations and their severity,
as well as in the timing and methods of diagnosis. No significant variations were
observed over time regarding clinical manifestations, sex distribution, or disease
phenotype. Additionally, no significant differences were noted in the diagnostic
setting, with hospital-based diagnoses consistently dominating throughout the

entire period under review (Tables 1 and 2).
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Clinical

X X 2016 2017 2018 2019 2020 2021 p
manifestations
Visual
. . 4 (15,4%) 7 (33,3%) 6 (30,0%) 11 (33,3%) 9 (40,9%) 3(15,8%) 0,8642
manifestations
Headache 17 (65,4%) 18 (85,7%) 17 (85,0%) 27 (81,8%) 16 (72,7%) 13 (68,4%) 0,0710

Scalp tenderness 12 (46,2%) 14 (66,7%) 6 (30,0%) 17 (51,5%) 10 (45,5%) 8 (42,1%) 1,000

Jaw claudication 3 (11,5%) 5 (23,8%) 12 (60,0%) 11 (33,3%) 11 (50,0%) 7 (36,8%) 0,0698
Limbs
o 3 (11,5%) 1(4,8%) 0 1(3,0%) 0 1(5,3%) 0,6270
claudication
Stroke 0 1(4,8%) 0 0 0 1(5,3%) 0,4422
Fever 10 (38,5%) 6 (28,6%) 6 (30,0%) 10 (30,3%) 8 (40,0%) 8 (42,1%) 1,0000
Weight loss 15 (57,7%) 6 (28,6%) 7 (35,0%) 15 (45,5%) 11 (55,0%) 8 (42,1%) 0,3726
Fatigue 21 (80,8%) 13 (61,9%) 13 (65,0%) 24 (72,7%) 16 (80,0%) 16 (84,2%) 1,000
PMR 13 (50,0%) 11 (52,4%) 6 (30,0%) 16 (48,5%) 10 (50,0%) 8 (42,1%) 1,000

Table 1. Clinical manifestations at diagnosis. Data expressed as n (%)

Year Diagnostic .Age at. Diagnostic setting Phenotipe
latency diagnosis
Outpatient ER Hospitaliz C v LV-C
ation
2016 7 (4-20) 73 (67-78) 6(23,1%) 1(3,8%) 19(73,1%) | 13 (50%) 8 (31%) 5 (19%)
2017 2(1-4) 78 (73-81) 4 (19,0%) 0 17 (81,0%) 17 (80%) 2 (10%) 2 (10%)
2018 5(3-8) 76 (73-78) 7 (35,0%) 1(50%) 12 (60,0%) 13 (65%) 2 (10%) 5 (25%)
2019 6 (2-12) 76 (70-79) 8 (24,2%) 1(3,0%) 24 (72,7%) 21 (64%) 5 (15%) 7 (21%)
2020 4(3-12) 74 (70-81) 5(22,7%)  3(16,6%) 14 (63,6%) | 17 (77%) 2 (9%) 3 (14%)
2021 4(2-6) 79 (65-79) 6 (31,6%) 0 13 (68,4%) 11 (58%) 3 (14%) 5 (26%)
p 0,0352 0,8539 0,7396 0,4606

Table 2. Clinical manifestations categorized by year. Data expressed as n (%) or median (IQR)

However, there was a significant reduction in diagnostic latency time from 2016 to

2021, decreasing from 7 weeks to 4 weeks (p: 0.0352) (Table 2, Graph 1).
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Graph 1. Diagnostic latency time (weeks)
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1.3.4 DISCUSSION

GCA is a rare disease, and according to the guidelines of the Italian National Plan
for Rare Diseases (2013-2016), patients with rare diseases must be centralized in
third-level centers (expertise centers). They are also entitled to receive rare disease
certificates and ticket exemptions, the issuance of which is validated by the relevant
Local Health Authority (ATS) and monitored through an electronic registry.

The strength of this study lies in its use of the capture/recapture technique,
integrating clinical hospital records with administrative registries from the ATS.
Furthermore, the decision was made to utilize not only clinical data from the
reference third-level center (which theoretically should already be responsible for
all patients with rare diseases) but also to involve second-level centers at the
territorial level. The objective was to avoid overlooking patients who, in clinical
practice, may not be centralized due to age, comorbidities, and fragility, and who
may not have been able to receive follow-up at the Spedali Civili but are managed
in the periferical hospitals. If these patients were not considered, they could have
represented a selection bias.

Over the six-year study period, the annual number of new GCA cases fluctuated
considerably. The year 2021 saw the lowest number of new diagnoses (19), while
2019 recorded the highest, with 33 cases, accounting for 23.4% of the total.
Previous studies conducted in various countries [3,7,94] had highlighted a cyclical
pattern in GCA incidence. However, in the ATS Brescia region, despite these
significant variations in annual case numbers, the study's limited timeframe did not
allow for the identification of any clear trends, such as increases, decreases, or
distinct peaks in incidence.

No significant variations were observed over time in clinical manifestations, age at
diagnosis, gender distribution, or disease phenotype, consistent with previous
Italian studies. However, the duration of the study period may represent a limitation
for these analysis, as the analysis covered only a six-year interval between 2016 and
2021. It is possible that such a short time frame did not allow for the detection of
significant changes in clinical presentation or diagnostic methods, which might

have become apparent with the analysis of a longer time period.
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On the other hand, a significant reduction in diagnostic latency from 2016 to 2021
was observed, defined as the number of weeks between symptom onset and GCA
diagnosis. This outcome is likely attributable to increased awareness and

understanding of the disease among healthcare personnel in the region.

1.3.5 CONCLUSIONS

The conclusions of this study on the epidemiology of GCA in the ATS Brescia
region demonstrate that, although the disease remains rare, the approach used has
allowed for a more accurate overview of its distribution and management within
the area. The use of the capture/recapture technique, combining hospital clinical
records and administrative records from the ATS, minimized the risk of missing
cases. By involving not only the third-level reference center but also second-level
centers in the territory, the study included patients who, due to age, comorbidities,
or frailty, could not be centralized at Spedali Civili for follow-up. This strategy
helped avoid a potential selection bias and provided a more reliable estimate of the
incidence and clinical characteristics of GCA in the studied population.

The findings suggest that the epidemiology of GCA in the ATS Brescia region
aligns with previous Italian cohorts and reflects a consistent clinical picture.
However, despite covering a six-year period, the most significant change observed
over time was a reduction in diagnostic latency, likely due to increased awareness
and training among local healthcare professionals. Further studies conducted over
a longer period may be necessary to identify potential changes in the clinical

presentation or diagnostic approaches for GCA.
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1.4 STUDY ON GIANT CELL ARTERITIS WITH LARGE
VESSEL INVOLVEMENT AND ANALYSIS OF THIS SPECIFIC
DISEASE SUBSET

1.4.1 AIM OF THE STUDY

In GCA, inflammation of the arterial branches of the carotid and vertebral arteries
leads to the classic cranial symptoms of the disease, such as headache, jaw
claudication, and blindness. However, in more than 50% of patients, there is
involvement of the aorta and its major branches. This large vessel involvement
results in a distinct and atypical clinical presentation, which is often more
challenging to diagnose compared to the cranial form.

The aim of this study was to analyze a large cohort of GCA patients, comparing the
clinical onset of those with large vessel involvement to those with the classic cranial
symptoms. The aim was to better understand the differences in presentation and
improve diagnostic approaches for the large vessel subset, which can often be
under-recognized due to its more insidious onset and atypical manifestations. This
could potentially lead to earlier detection and more tailored management strategies
for patients with large vessel GCA, who might otherwise face delays in receiving

the correct diagnosis and treatment.

1.4.2 METHODS

Patients were selected according to the following inclusion criteria: 1) patients with
a new diagnosis of GCA made at Spedali Civili Brescia between January 1, 2005,
and December 31, 2020, and meeting the 2022 ACR/EULAR classification criteria
[59]; 2) complete medical history regarding disease onset; 3) a minimum follow-up
of 6 months. The cohort was then stratified based on the clinical phenotype of GCA,
with clinical and instrumental data obtained from both paper and electronic medical
records.

Regarding the clinical phenotype, patients were categorized into those with cranial
GCA (C-GCA), large vessel GCA (LV-GCA), and mixed GCA (LV-C GCA)

phenotypes. This stratification was based on clinical and instrumental data. All
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patients were required to meet the 2022 ACR/EULAR classification criteria (with
a cumulative score of >6 points), and based on the criteria met, they were assigned
to the respective phenotype. Specifically, the C-GCA phenotype was defined when
some or all of the following 2022 ACR/EULAR classification criteria were
satisfied: positive temporal artery biopsy or temporal artery halo sign on ultrasound
(+5points); erythrocyte sedimentation rate (ESR) >50 mm/hour or C-reactive
protein (CRP) >10 mg/L. (+3); sudden visual loss (+3); morning stiffness in
shoulders or neck (+2), jaw or tongue claudication (+2), new temporal headache.
(+2), scalp tenderness (+2), temporal artery abnormality (+2).

The LV-GCA phenotype was defined when some or all of the following 2022
ACR/EULAR classification criteria were satisfied: ESR >50 mm/hour or CRP >10
mg/L (+3); morning stiffness in shoulders or neck (+2), bilateral axillary
involvement on imaging (+2), and fluorodeoxyglucose-positron emission
tomography (FDG-PET) activity throughout the aorta (+2). The LV-C-GCA
phenotype was defined as the coexistence of criteria for both C-GCA and LV-GCA.
The statistical analysis began with the descriptive evaluation of variables,
calculating the main indices of central tendency, expressed as median (Ist-3rd
interquartile), and percentage composition ratios. Differences between quantitative
variables across patient groups were analyzed using the non-parametric Mann-
Whitney test, while associations between nominal variables were assessed using the
chi-square test or Fisher's exact test (if the expected frequency was <5). Correlations
between clinical, biological, and instrumental markers, and disease subsets were
evaluated through a series of simple linear regression analyses. A p-value < 0.05

was considered statistically significant.

1.4.3 RESULTS

A total of 150 patients were enrolled in the study. Based on vascular involvement

and following the classification criteria outlined in the Methods section, the patients

were classified as follows: 22 patients had an LV-GCA clinical phenotype, 96 had

C-GCA, and 32 had LV-C-GCA.

Demographic parameters are described in Table 3. Considering the entire cohort,

104 patients (69%) were female, and 46 (31%) were male. The median age at
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diagnosis was 74 (67-78) years. When comparing demographic parameters across
the three patient subgroups, a statistically significant difference was observed in
age at diagnosis, but not in sex composition among the groups. Specifically, patients
with predominant cranial involvement had a higher age at diagnosis compared to
those with predominant extra-cranial involvement: 75 (70-80) years for C-GCA
patients, 63 (60-75) for LV-GCA patients, and 72 (65-75) for LV-C-GCA patients.
Diagnostic latency was defined as the time interval between symptom onset and
GCA diagnosis. For the entire cohort, it was 5 (3-12) weeks, with a statistically
significant difference between the patient groups. Patients with predominant cranial
involvement had a shorter diagnostic latency, expressed in weeks, compared to
those with predominant extra-cranial involvement: 4 (2-8) for C-GCA patients, 10

(4-17) for LV-C-GCA patients, and 13 (7-24) for LV-GCA patients.

Demographic GCA (n: 150) C-GCA (n: 96) LV-GCA (n: 22) C-LV-GCA (n: 32) p
104 (69,3%)/46 66 (68,7%)/30 16 (72,7%)/6 22 (68,8%)/10
Sex (F/M) ( 6)/ ( 6)/. ( 5)/ ( 8)/ 0,9325
(30,7%) (31,3%) (27,3%) (31,2%)
Age at diagnosis (years) 73,5 (67-78) 75,0 (70,0-79,5) 62,5 (59,5-75,0) 71,5 (65,0-75,0) <0,0001
Diagnostic latency 5,0 (3,0-12,0) 4,0 (2,0-8,0) 13,0 (7,2-24,0) 10,0 (4,0-16,5) <0,0001

Diagnostic setting
(outpatient/
hospitalization

41 (27,3%)/109 19 (19,8%)/77 9 (40,9%)/13 13 (40,6%)/19

(77,7%) (80,2%) (59,1%) (59,4%) 0022

Table 3. Demographic characteristics categorized by vascular involvement. Data expressed as n (%) or median (IQR)

On the other hand, patients with cranial involvement had a higher frequency of
hospitalization at the time of diagnosis compared to the other groups. In the entire
cohort, 78% of patients were diagnosed during hospitalization, while 27% were
diagnosed during outpatient evaluation without hospitalization. The distribution
was different according to phenotype: in the C-GCA group, 80% of patients were
hospitalized, while in the LV-GCA and LV-C-GCA groups, the hospitalization rate
was 59% (p: 0.022).

The clinical presentation of patients and the main disease manifestations at the time
of diagnosis are described in Table 4. For the entire cohort, the most common
symptoms were headache (78%), fatigue (73%), weight loss (47%), PMR (47%),
fever (42%), jaw claudication (43%), scalp tenderness (43%), ocular symptoms

(37%), synovitis and/or arthritis (6%), chest pain (3%), abdominal claudication
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(3%), limb claudication (3%), and cerebrovascular events (3%). Other less specific
clinical symptoms or signs present at diagnosis included serositis (2 patients),
carotidynia (2), dry cough (2), unilateral subclavian artery stenosis (1), vertigo (1),
syncope (1).

When comparing clinical manifestations among the three patient groups, a
significant difference in symptom frequency was noted, as expected. The most
frequent symptoms in patients with exclusively cranial involvement (C-GCA) were
headache (92%), fatigue (68%), jaw claudication (53%), ocular symptoms (50%),
scalp tenderness (48%), fever (37%), weight loss (39%), synovitis and/or arthritis
(5%), and cerebrovascular events (3%). The most frequent symptoms in patients
with both cranial and extra-cranial involvement (LV-C-GCA) were fatigue (91%),
headache (91%), PMR (56%), weight loss (54%), fever (53%), scalp tenderness
(56%), jaw claudication (41%), ocular disturbances (22%), limb claudication (9%),
chest pain (6%), cerebrovascular events (6%), and synovitis and/or arthritis (6%).
The most frequent symptoms in patients with exclusively extra-cranial involvement
(LV-GCA) were fatigue (73%), weight loss (64%), fever (50%), abdominal
claudication (23%), PMR (23%), chest pain (14%), synovitis and/or arthritis (9%),

and limb claudication (5%).

Clinical manifestations GCA (n: 150) C-GCA (n: 96) LV-GCA (n: 22) C-LV-GCA (n: 32) p

Visual manifestations 55 (36,7%) 48 (50%) 0 7 (21,9%) <0,0001
Headache 117 (78,0%) 88 (91,7%) 0 29 (90,6%) <0,0001
Scalp tenderness 64 (42,7%) 46 (47,9%) 0 18 (56,2%) <0,0001
Jaw claudication 64 (42,7%) 51(53,1%) 0 13 (40,6%) <0,0001

Limbs claudication 4(2,7%) 0 1(4,5%) 3(9,4%) 0,0144

Thoracic pain 5(3,3%) 0 3(13,6%) 2(6,2%) 0,0033
Claudicatio abdominis 5(3,3%) 0 5(22,7%) 0 <0,0001

Stroke 4(2,7%) 2(2,1%) 0 2(6,2%) 0,3148

Fever 10 (38,5%) 6 (28,6%) 6 (30,0%) 10 (30,3%) 1,0000

Weight loss 70 (46,7%) 37 (38,5%) 14 (63,6%) 19 (59,4%) 0,0278

Fatigue 110 (73,3%) 65 (67,7%) 16 (72,7%) 29(90,6%) 0,0398

PMR 70 (46,7%) 47 (49,0%) 5 (22,7%) 18 (56,2%) 0,0398

Table 4. Clinical manifestations categorized by vascular involvement. Data expressed as n (%) or median (IQR)
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Laboratory, histological, and imaging parameters at the time of diagnosis are
described in Table 5. The median values of CRP and ESR were 80 (43-127) mg/ml
and 68 (46-88) mm/h, respectively. Of the 123 patients with complete biochemical
exams available prior to GC therapy, 52 (42%) had leukocytosis, 92 (75%) had
anemia, and 47 out of 117 patients (420%) had thrombocytosis. No statistically
significant differences were found regarding laboratory parameters, including
inflammatory markers. In the entire cohort, 34 patients performed a temporal artery
ultrasound, of which 19 (56%) positives for halo sign and 87 performed a temporal
artery biopsy (TAB), of which 68 positives at histological examination. In
particular, TAB histological analysis showed 56 (82%) transmural inflammation
(TMI) patterns, 9 (13%) inflammation limited to adventitia (ILA) patterns, 2 (3%)
small vessel vasculitis (SVV) patterns, and 1 non-specific pattern. In the C-GCA
group, 70 patients underwent a temporal artery biopsy, of which 59 showed positive
results on histological examination. Patients with negative biopsy results were also
considered as having C-GCA if they met the inclusion criteria based on clinical
symptoms. The negative findings were attributed to the possible effects of ongoing
steroid treatment or the well-known patchy nature of vessel inflammation in this
disease.

Moreover, 81 patients performed an 18-fluorodeoxyglucose positron emission
tomography (18FDG-PET)/computed tomography (CT), of which 52 (64%)
positives. In patients with large vessels involvement (LV-GCA and LV-C-GCA)
thoracic aorta, subclavian arteries and abdominal aorta were the most frequently

involved arteries.
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Laboratory and imaging GCA (n: 150) C-GCA (n: 96) LV-GCA (n: 22) C-LV-GCA (n: 32) p

CRP (mg/ml) 80 (43-127) 77 (41-121) 106 (44-127) 106 (67-135) 0,1738
ESR (mm/h) 68 (46-88) 68 (46-88) 78 (51-88) 66 (45-89) 0,7423
Leukocytosis 52/123 (42%) 34/82 (42%) 8/18 (44%) 10/23 (44%) 0,9654
White blood cells count 9320 (7385- 8720 (7035- 9460 (7493- 9710 (8335- 0.5331
(cell/pl) 11525) 11400) 12210) 10975) ’
Anemia 92/123 (75%) 59/82 (72%) 14/18 (78%) 19/23 (83%) 0,5539
Red blood cell count
4,0 (3,7-4,5) 4,1 (3,8-4,6) 4,3 (4,0-4,5) 3,9(3,6-4,1) 0,1418
(cell*108/pl)
Hb (g/dL) 11,6 (10,5-12,6) 11,7 (10,8-12,8) 11,7 (9,5-12,3) 10,7 (9,5-12,2) 0,0814
Thrombocytosis 47/117 (40%) 31/76 (41%) 6/18 (33%) 10/23 (44%) 0,7918
Platelet count
364 (309-441) 363,5 (297-447) 341,5 (288-411) 372,0 (355-422) 0,4883
(cell*103/pl)
Positive TA biopsy 68/87 (78,2%) 59/70 (84,3%) 0/4 9/13 (69,2%) 0,0003
Positive TA CDUS 19/34 (55,9%) 9/21 (42,9%) 0/1 10/12 (83,3%) 0,0412
Positive PET/CT 52/81 (64,2%) 2/30 (6,7%) 20/21(95,2%) 30/30 (100%) <0,0001

Table 5. Laboratory and imaging finding at diagnosis categorized by vascular involvement. CRP: C-reactive protein; ESR:

Erythrocyte Sedimentation Rate; TA: Temporal Artery. Data expressed as n (%) or median (IQR)

1.4.4 DISCUSSION

GCA presents with three distinct clinical phenotypes, each characterized by specific
clinical features that differentiate them from one another. This study aimed to
examine these phenotypes and to assess the clinical presentation, diagnostic
latency, and hospitalization rates among these groups.

When comparing clinical manifestations, it was found that certain systemic
symptoms, such as fatigue and weight loss, were more frequently observed in
patients with LV-GCA. These symptoms reflect the systemic inflammatory nature
of the disease and the involvement of larger arteries like the aorta and its major
branches. In contrast, fever, another common systemic symptom, was equally
reported across all three phenotypic groups, suggesting that systemic inflammation
is a shared feature regardless of the pattern of vascular involvement.

Polymyalgia rheumatica (PMR) was more common in patients with C-GCA,
associated with symptoms associated with the localized inflammation of the cranial
arteries, particularly the branches of the carotid artery. This involvement leads to
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the classic cranial symptoms of GCA, including headache, scalp tenderness, ocular
involvement, and jaw claudication.

On the other hand, patients in the LV-GCA and LV-C-GCA groups more
commonly reported symptoms related to large-vessel involvement, such as chest
pain, limb claudication, and abdominal claudication, reflecting thoracic aorta,
subclavian artery, and abdominal aorta involvement. These symptoms are more
indicative of vascular involvement in the large arteries, and they present a more
insidious clinical picture compared to the acute cranial symptoms seen in C-GCA.
Despite these differences in clinical presentation, there were no statistically
significant differences between the groups regarding laboratory parameters,
including inflammatory markers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR). This indicates that while clinical manifestations differ,
the inflammatory burden measured by laboratory tests remains similar across
phenotypes.

A notable finding was the shorter duration of symptoms prior to diagnosis in
patients with C-GCA compared to those with LV-GCA or LV-C-GCA. This is
likely due to the more striking and recognizable nature of cranial symptoms, which
prompt earlier medical attention. Cranial symptoms like sudden visual loss, severe
headache, and jaw claudication are alarming to both patients and healthcare
providers, facilitating quicker diagnosis and treatment. However, patients with C-
GCA also showed a higher frequency of hospitalization at the time of diagnosis,
with 80% of these patients requiring hospital admission. This may suggest that
while these patients present with a more acute clinical picture, the severity of their
symptoms, particularly the risk of vision loss, often necessitates immediate
hospitalization for urgent management. In contrast, patients with LV-GCA, who
typically present with more nonspecific systemic symptoms, often experience
longer diagnostic delays. These symptoms—such as fatigue, weight loss, and mild
fever—are less specific and may be attributed to other, more common conditions,
delaying the recognition of large-vessel involvement. Additionally, large-vessel
involvement often requires advanced imaging techniques, such as PET-CT, for

confirmation, which may further contribute to diagnostic delays.
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A limitation of the study is that not all patients with C-GCA underwent a PET scan;
therefore, there might be patients with LV-C-GCA within the C-GCA cohort. This
could introduce a bias in patient classification, although limited to a small number

of patients.

1.4.5 CONCLUSIONS

This study underscores significant differences in the clinical presentation of the
various phenotypes of GCA. Patients with the cranial form of GCA typically
present with acute cranial symptoms, which lead to a faster diagnosis and higher
hospitalization rates due to the severity of the clinical presentation, particularly the
risk of irreversible vision loss. In contrast, patients with large-vessel GCA
experience longer diagnostic latency, likely due to their more subtle and nonspecific
symptoms. Systemic signs such as fatigue and weight loss, which are common in
LV-GCA, may not initially raise clinical suspicion for vasculitis, contributing to
delayed diagnosis.

These findings highlight the importance of maintaining a high degree of clinical
suspicion, especially in patients with systemic symptoms that could mask the
underlying involvement of large vessels. A timely and accurate diagnosis is crucial
to prevent complications and improve outcomes in GCA patients. In this context,
an aggressive diagnostic approach, including advanced imaging for large-vessel
involvement, becomes essential, particularly in patients who may not present with
the classic cranial symptoms of GCA.

In conclusion, large-vessel GCA appears to be a distinct subset of the disease with
different clinical manifestations compared to the more classic form of GCA.
Current literature and randomized controlled trials (RCTs) involving GCA patients
have typically treated the disease as a single entity, irrespective of the type of
vascular involvement. However, the findings from this study suggest that LV-GCA
represents a specific clinical subset, which could potentially differ from other forms
in terms of disease progression, the risk of relapses, and treatment responses.
Further studies are needed to investigate whether these patients require tailored

therapeutic strategies and closer monitoring.
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Background/Purpose: Giant Cell Arteritis (GCA) is the most frequent systemic vasculitis in patients
older than 50 years involving medium-sized and large arteries. Inflammation of the extracranial
branches of the carotid artery gives rise to the classic symptoms of GCA. However, GCA involves also
the aorta and its major branches in almost two-thirds of patients (1,2). Large vessel involvement
leads to a different atypical clinical picture which can be challenging to diagnose (3). More
information on clinical presentation and vessel involvement in large-vessel GCA are needed to better
diagnose it. The aim of this study is to analyze a large cohort of GCA comparing patients with large-
vessel involvement to patients with classical cranial disease.

Methods: 100 consecutive patients with a clinical diagnosis of GCA were enrolled in this
retrospective study. All patients were older than 50 years of age, met the ACR criteria for GCA (4) or
had a positive temporal artery biopsy or evidence of large vessel vasculitis at FDG-PET/CT scan.

Results: Based on vascular involvement, patients were classified into three group: 61 patients with
only cranial arteritis (C-GCA), 16 patients with only extracranial large vessel vasculitis (LV-GCA) and 23
patients with both cranial and large vessel involvement (LV-C-GCA).

Compared to C-GCA, patients with large vessel involvement (LV-GCA and LV-C-GCA) were younger
and more frequently women, and the difference was further significant for patients with isolated LV-
GCA. Patients with isolated LV-GCA had also the longer duration of symptoms at GCA diagnosis [LV-
GCA 20(16-82) vs LV-C-GCA 12(4-16) vs C-GCA 4(3-12) weeks; p< 0.001]. Systemic symptoms, as fever
and fatigue, were associated with large vessel involvement, both in LV-GCA and LV-C-GCA groups.
Polymyalgia rheumatica was equally reported in all three groups and no significant differences were
found in inflammatory markers levels according to vessel involvement. In patients with large vessels
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involvement (LV-GCA and LV-C-GCA) thoracic aorta, subclavian arteries and abdominal aorta were the
most frequently involved arteries.

Conclusion: GCA is not a single entity but includes several patterns of disease. Female gender,
younger age and systemic symptoms are associated with large vessel involvement, regardless the
presence or absence of cranial symptoms. The different clinical manifestations of large vessel GCA
lead to a longer time to diagnosis if compared to C-GCA. For these reasons, in patients with the
aforementioned characteristics, a large vessel involvement should be considered in order to reduce
the time to diagnosis.

1: De Boysson H, et al. Clin Exp Rheumatol 2019; 2: Prieto-Gonzalez S, et al. Ann Rheum Dis 2012; 3:
Muratore F, et al. Rheumatol 2015; 4: Hunder GG, et al. Arthritis Rheum 1990

GCA C-GCA LV-C-GCA LV-GCA
(n: 100) (n: 61) (n: 23) (n: 16) P
Age: median (IQR) 76 (67-79) 75 (71-80) 74 (69-77) 63 (59-72) 0.001
Female 68 (68%) 38 (62%) 17 (74%) 13 (81%) 0.276
Male 32 (32%) 23 (38%) 6 (26%) 3 (19%) 0.276
Time between symptom onset and diagnosis (weeks) 8 (4-20) 4(3-12) 12 (4-16) 20 (16-82) <0.001
Cranial symptoms (overall) 84 (84%) 61 (100%) 23 (100%) 0 (0%) <0.001
New temporal headache 77 (77%) 58 (95%) 19 (83%) 0 (0%) <0.001
Visual symptoms 39 (39%) 34 (56%) 5(22%) 0 (0%) <0.001
Jaw or tongue claudication 35 (35%) 27 (44%) 8 (35%) 0 (0%) 0.004
Fever 48 (48%) 23 (38%) 14 (61%) 11 (69%) 0.032
Fatigue 75 (75%) 40 (66%) 21 (91%) 14 (88%) 0.023
Weight loss 52 (52%) 28 (46%) 13 (57%) 11 (69%) 0.235
Polymyalgia rheumatica 43 (43%) 27 (44%) 13 (57%) 3 (19%) 0.061
Arm or leg claudication 5 (5%) 0 (0%) 4 (17%) 1(6%) 0.005
CRP (C-reactive protein) 83 (45-127) 77 (39-115) 89 (50-134) 95 (20-124) 0.461
ESR (erythrocyte sedimentation rate) 72 (47-96) 70 (46-88) 75 (28-105) 66 (44-91) 0.711
Cranial arteries 84 (84%) 61 (100%) 23 (100%) 0 (0%) <0.001
Carotid arteries 19 (19%) 0 (0%) 12 (52%) 7 (44%) <0.001
Subclavian and upper limb arteries 21 (21%) 0 (0%) 10 (43%) 11 (69%) <0.001
Thoracic aorta 29 (29%) 0 (0%) 15 (65%) 14 (88%) <0.001
Abdominal aorta 21 (21%) 0 (0%) 10 (43%) 11 (69%) <0.001
lliac and inferior limb arteries 10 (10%) 0 (0%) 6 (26%) 4 (25%) <0.001
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POS0797 LARGE VESSEL-GCA: A DIAGNOSTIC CHALLENGE
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Background: GCA is the most frequent systemic vasculitis in patients older
than 50 years involving medium-sized and large arteries. Inflammation of the
extracranial branches of the carotid artery gives rise to the classic symptoms of
GCA. However, in almost two-thirds of patients GCA involves also the aorta and
its major branches (1,2). Large vessel involvement leads to a different atypical
clinical picture which can be challenging to diagnose (3,4). More information on
clinical presentation and vessel involvement in large-vessel GCA are needed to
better diagnose it.

Objectives: To analyze clinical presentation of large-vessel GCA compared to
classical cranial disease.

Methods: 100 consecutive patients with a clinical diagnosis of GCA were
enrolled in this retrospective study. All patients were older than 50 years of age,
met the ACR criteria for GCA or had a positive biopsy of the temporal artery or
evidence of large vessel vasculitis at FDG-PET/CT scan.

Results: Based on vascular involvement, patients were classified into three
group: 61 patients with only cranial arteritis (C-GCA), 16 patients with only
extracranial large vessel vasculitis (LV-GCA) and 23 patients with both cranial
and large vessel involvement (LV-C-GCA).
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Compared to C-GCA, patients with large vessel involvement (LV-GCA and LV-C-
GCA) were younger and more frequently women, and the difference was further
significant for patients with isolated LV-GCA. Patients with isolated LV-GCA had
also the longer duration of symptoms at GCA diagnosis [LV-GCA 20(16-82) vs
LV-C-GCA 12(4-16) vs C-GCA 4(3-12) weeks; p<0.001]. Systemic symptoms, as
fever and fatigue, were associated with large vessel involvement, both in LV-GCA
and LV-C-GCA groups. Polymyalgia rheumatica was equally reported in all three
cohorts of patients and no significant differences were found in inflammatory
markers levels according to vessel involvement.

In patients with large vessels involvement (LV-GCA and LV-C-GCA) thoracic
aorta, subclavian arteries and abdominal aorta were the most frequently involved
arteries.

Conclusion: GCA is not a single entity but includes several patterns of disease.
Female gender, younger age and systemic symptoms are associated with large
vessel involvement, regardless the presence or absence of cranial symptoms.
The different clinical manifestations of large vessel GCA lead to a longer time to
diagnosis if compared to C-GCA. For these reasons, in patients with the afore-
mentioned characteristics, a large vessel involvement should be considered in
order to reduce the time to diagnosis.
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GCA C-GCA  LV-C-GCA LV-GCA p
(n: 100) (n:61) (n: 23) (n: 16)
Age: median (IQR) 76 (67-79) 75 (71-80) 74 (69-77) 63 (59-72) 0.001
Female/ Male 68 (68%)/ 38(62%)/ 17 (74%)/ 13 (81%)/ 0.276
23 (38%)
32 (32%) 6 (26%) 3 (19%)

Time between symptom onset and 8 (4-20) 4 (3-12) 12 (4-16) 20 (16-82) <0.001
diagnosis (weeks)

Cranial symptoms (overall) 84 (84%) 61(100%) 23(100%) 0(0%) <0.001
New temporal headache 77 (77%) 58 (95%) 19 (83%) 0(0%) <0.001
Visual symptoms 39 (39%) 34 (56%) 5 (22%) 0(0%) <0.001
Jaw or tongue claudication 35 (35%) 27 (44%) 8 (35%) 0(0%) 0.004
Fever 48 (48%) 23 (38%) 14 (61%) 11(69%) 0.032
Fatigue 75 (75%) 40 (66%) 21(91%) 14 (88%) 0.023
Weight loss 52 (52%) 28 (46%) 13 (57%) 11(69%) 0.235
Polymyalgia rheumatica 43 (43%) 27 (44%) 13(57%) 3(19%) 0.061
Arm or leg claudication 5 (5%) 0 (0%) 4 (17%) 1(6%) 0.005
CRP (C-reactive protein) 83 (45-127) 77 (39-115) 89 (50-134) 95 (20-124) 0.461
ESR (erythrocyte sedimentation 72 (47-96) 70 (46-88) 75 (28-105) 66 (44-91) 0.711
rate)
Cranial arteries 84 (84%) 61(100%) 23(100%) 0 (0%) <0.001
Carotid arteries 19 (19%) 0 (0%) 12 (52%) 7 (44%) <0.001

Subclavian and upper limb arteries 21 (21%) 0 (0%) 10 (43%) 11 (69%) <0.001

Thoracic aorta 29 (29%) 0 (0%) 15 (65%) 14 (88%) <0.001
Abdominal aorta 21 (21%) 0 (0%) 10 (43%) 11 (69%) <0.001
lliac and inferior limb arteries 10 (10%) 0 (0%) 6 (26%) 4 (25%) <0.001
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1.5 STUDY ON RISK FACTORS FOR THE DEVELOPMENT
OF BLINDNESS IN GIANT CELL ARTERITIS
1.5.1 AIM OF THE STUDY

In GCA ocular symptoms are a common and severe manifestation, occurring in
more than one-third of GCA patients. These symptoms result from ischemic
damage to the optic nerve, typically caused by the involvement of one or more
branches of the ophthalmic artery. Most patients initially present with transient
vision loss, known as amaurosis fugax, which can be monocular or binocular. In
addition, peripheral visual field narrowing or blurred vision may occur as part of
the early symptoms. Once vision loss is established, it is rarely reversible, making
early recognition of premonitory symptoms crucial for timely intervention. If left
untreated, progressive arterial occlusion leads to irreversible ischemic damage,
culminating in permanent vision loss. This vision impairment can be either partial
or complete, affecting one or both eyes.

Notably, monocular blindness - and even more so binocular blindness - is associated
with significant disability, reduction in both quality of life and life expectancy.
Blindness is one of the most feared complications of GCA among patients. Vision-
related quality of life is a primary concern for these individuals, as the condition
profoundly affects their physical and emotional well-being. Several features of
giant cell arteritis, including vision loss, significantly impact patients’ global
quality of life, underscoring the need for prompt and effective management [95].
Although several studies have sought to identify risk factors for blindness in GCA,
the only consistently proven factor to date is the presence of amaurosis and other
ischemic symptoms in the days preceding the development of irreversible blindness
[96]. This study aims to further investigate potential risk factors for blindness in a
cohort of GCA patients, with the goal of improving early recognition and treatment

to prevent this debilitating complication.

1.5.2 METHODS

Patients were selected according to the following inclusion criteria, above

mentioned for the study “Study on Giant Cell Arteritis with Large Vessel
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Involvement and analysis of this specific disease subset”: 1) patients with a new
diagnosis of GCA made at Spedali Civili Brescia between January 1, 2005, and
December 31, 2020, and meeting the 2022 ACR/EULAR classification criteria
[59]; 2) complete medical history regarding disease onset; 3) a minimum follow-up
of 6 months. Among the identified patients who met the criteria, only those with a
cranial involvement (C-GCA and LV-C phenotypes) were selected. Specifically,
the cranial involvement was defined when some or all of the following 2022
ACR/EULAR classification criteria were satisfied (with a cumulative score of >6
points): positive temporal artery biopsy or temporal artery halo sign on ultrasound
(+5points); erythrocyte sedimentation rate (ESR) >50 mm/hour or C-reactive
protein (CRP) >10 mg/L. (+3); sudden visual loss (+3); morning stiffness in
shoulders or neck (+2), jaw or tongue claudication (+2), new temporal headache.
(+2), scalp tenderness (+2), temporal artery abnormality on vascular examination
(+2). The patients were then classified into two groups: with or without ocular
involvement. Those with ocular involvement were defined as patients who
presented at least one of the following symptoms and had undergone an
ophthalmological evaluation that excluded other causes of such symptoms: blurred
vision, diplopia, amaurosis fugax, partial visual loss in one or both eyes, and
complete vision loss in one or both eyes. Clinical and instrumental data obtained
from both paper and electronic medical records.

The statistical analysis began with the descriptive evaluation of variables,
calculating the main indices of central tendency, expressed as median (Ist-3rd
interquartile), and percentage composition ratios. Differences between quantitative
variables across patient groups were analyzed using the non-parametric Mann-
Whitney test, while associations between nominal variables were assessed using the
chi-square test or Fisher's exact test (if the expected frequency was <5). A p-value

< 0.05 was considered statistically significant.

1.5.3 RESULTS

A total of 128 patients with GCA and cranial involvement were enrolled in the study
(96 with C-GCA phenotype, and 32 with LV-C-GCA). The median age at diagnosis
was 74 (67-78) years, 88 patients (69%) were female, and 40 (31%) were male.
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Overall, 55 patients presented with ocular involvement (48 C-GCA and 7 LV-C-
GCA), with the most frequently reported symptoms being blurred vision (6
patients), diplopia (6), amaurosis fugax (5), monocular partial visual loss (21),
binocular partial visual loss eyes (2), monocular complete blindness (12) and
binocular complete blindness (3). Out of 38 patients with partial or complete visual
loss, 36 presented Arteritic Anterior Ischemic Optic Neuropathy (AION), while
Central Retinal Artery Occlusion (CRAO) was seen in 2 of them.

Patients with visual manifestations had a median (IQR) age of 77 (73-81) years,
significantly older if compared to patients without ocular symptoms (72 (67-76)
years, p<0.001), while gender was not associate with higher or lower risk (Table 6).
Comorbidities at the time of diagnosis were compared between the two groups to
assess whether they were associated with an increased risk of developing visual
impairment. Patients with ocular involvement presented more often hypertension
(67 vs 44%, p: 0.0085) and chronic kidney disease (7 vs 0%, p: 0.0315), while no
differences were found in diabetes, cancer, coronary heart disease and dyslipidemia
incidence. In the subsequent multivariate analysis, hypertension and age at

diagnosis retained statistical significance.

Demographic GCA (n: 128) Ocular involvement NO ocular involvement p
(n: 55) (n:73)

Sex (F/M) 88 (69%)/40 (31%) 36 (65%)/19 (35%) 52 (71%)/21(29%) 0,4875
Age at diagnosis (years) 74 (67-78) 77 (73-81) 72 (67-76) < 0,0001
Smoke 31 (24%) 9 (16%) 22 (30%) 0,0718
Diabetes 13 (10%) 7 (13%) 6 (8%) 0,4032
Cancer 17 (13%) 9 (16%) 8 (11%) 0,3724
Hypertension 69 (54%) 37 (67%) 21 (44%) 0,0085
Chronic kidney disease 4 (3%) 4 (7%) 0 (0%) 0,0315
Coronary heart disease 16 (13%) 8(15%) 8(11%) 0,5436
Dyslipidemia 32 (25%) 15 (27%) 17 (23%) 0,6063

Table 6. Demographic characteristics. Data expressed as n (%) or median (IQR)

The clinical presentation and main disease manifestations at the time of diagnosis
are detailed in Table 7. In the entire cohort, the most frequent symptoms were
headache (91%), fatigue (73%), scalp tenderness (50%), jaw claudication (50%),

and polymyalgia rheumatica (PMR) (51%). When comparing the -clinical
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manifestations between the two patient groups, no significant differences were
observed in the frequency of cranial symptoms (headache, scalp tenderness, jaw
claudication, stroke) or systemic manifestations (fever, weight loss, fatigue, PMR).
However, the presence of peripheral arthritis was inversely associated with ocular

involvement. No statistically significant differences were found regarding

laboratory parameters, including inflammatory markers (Table 8).

Ocular involvement

Clinical manifestations GCA (n: 128) NO ocular involvement p
(n: 55) (n:73)
Headache 117 (91%) 52 (95%) 65 (89%) 0,2714
Scalp tenderness 64 (50%) 27 (49%) 37 (51%) 0,8583
Jaw claudication 64 (50%) 27 (49%) 37 (51%) 0,8583
Stroke 4(3%) 2 (4%) 2 (3%) 0,7729
Fever 52 (41%) 18 (33%) 34 (47%) 0,1143
Weight loss 56 (44%) 21 (38%) 35 (48%) 0,2703
Fatigue 94 (73%) 39 (71%) 55 (75%) 0,5740
PMR 65 (51%) 28 (51%) 37 (51%) 0,9800
Arthritis 7 (5%) 0 (0%) 7 (10%) 0,0182
Table 7. Clinical manifestations. Data expressed as n (%).
Laboratory GCA (n: 128) Ocular involvement NO ocular involvement p
(n: 55) (n:73)
CRP (mg/ml) 79 (43-126) 76 (39-119) 88 (53-133) 0,1846
ESR (mm/h) 67 (46-88) 65 (48-91) 69 (45-86) 0,7913
White blood cells count
(cell/pl) 9329 (7370-11240) 8595 (7275-10770) 9480 (7545-11660) 0,2585
Red blood cell count

(cell*108/p) 4000 (3747-4392) 4030 (3682-4382) 3990 (3752-4380) 0,9558
Hb (g/dL) 11,6 (10,5-12,6) 11,6 (10,5-12,4) 11,6 (10,6-12,8) 0,7804
Platelet count 372 (310-443) 358 (275-440) 373 (323-452) 0,3303

(cell*103/pl)

Table 8. Laboratory finding at diagnosis. CRP: C-reactive protein; ESR: Erythrocyte Sedimentation Rate; TA: Temporal Artery.

Data expressed as n (%) or median (IQR)
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1.5.4 DISCUSSION

The first documented case of visual loss in GCA was reported by Jennings in 1938,
where a 66-year-old woman suffered complete blindness in her left eye due to
retinal artery occlusion [97]. Before the widespread use of glucocorticoids, studies
indicated a high prevalence of visual complications, affecting almost 60% of
patients [98,99]. However, the introduction of glucocorticoid therapy has
significantly reduced the incidence of vision loss to around 10-20%, with a
downward trend observed in recent years [ 100]. Despite these improvements, vision
loss remains one of the most severe and feared complications of GCA, even 90
years after Jennings' report. Blindness leads to profound disability, adversely
affecting both quality of life and life expectancy.

Given the severe impact of visual loss, it remains essential to identify reliable
prognostic factors for ocular involvement even today. However, to date, no definite
methods for assessing risk factors for permanent visual impairment in GCA have
been established While various potential risk factors - such as advanced age,
hypertension, elevated platelet count, and jaw claudication - have been proposed,
findings across studies remain inconsistent [32,101,102].

The most consistently recognized risk factor for predicting irreversible vision
impairment in GCA patients is a history of transient visual loss [103]. However,
this symptom already indicates ischemic involvement of the optic nerve,
representing a late-stage marker of the disease.

This study aimed to address unresolved questions related to ocular involvement in
GCA by analyzing a large, well-characterized cohort with long-term follow-up.
Additionally, we incorporated recent evidence highlighting the importance of
differentiating between GCA phenotypes, particularly cranial and large-vessel
involvement. While these phenotypes share common features, they exhibit
significant differences. Ocular involvement is predominantly linked to cranial
manifestations, making these patients the key focus of investigation. For this
reason, only patients with pure cranial or mixed cranial and large-vessel
involvement (C-GCA or LV-C GCA) were included, while those with exclusive

large-vessel involvement were excluded.
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Our analysis revealed no significant differences in the frequency of cranial
symptoms (headache, scalp tenderness, jaw claudication, stroke) or systemic
manifestations (fever, weight loss, fatigue, PMR) between patients with and without
ocular involvement. Likewise, no statistically significant differences were observed
in laboratory parameters, including inflammatory markers. However, one notable
finding was that peripheral arthritis appeared inversely associated with ocular
involvement.

Hypertension and chronic kidney disease, on the other hand, were significantly
more common in patients with ocular involvement than those without. Other
previous studies have suggested that hypertension and a history of ischemic heart
disease may increase the risk of severe ischemic complications in GCA, although
not all studies have confirmed this [37,102]. One study found a positive association
between traditional atherosclerosis risk factors and GCA-related ischemic events,
proposing that patients with atherosclerosis might have impaired angiogenic
compensatory mechanisms [104]. This is consistent with our study, were age,
hypertension and chronic kidney disease, three well-known predisposing factors for
atherosclerosis, resulted associated with ocular involvement.

These findings could support the implementation of preventive strategies based on
the identified risk factors. A detailed analysis of a patient’s risk profile at diagnosis
may help identify those at higher risk of developing blindness, allowing for
heightened vigilance and tailored care. For instance, from the time of diagnosis,
serial ophthalmological evaluations could be initiated to detect early,
presymptomatic visual impairment. Furthermore, educating patients on warning
symptoms, such as sudden visual changes, could facilitate timely intervention.
Currently, there is insufficient evidence to recommend a distinct therapeutic
approach for these high-risk patients. However, it is known that ocular
manifestations often require more intensive immunosuppressive therapy. It is
therefore conceivable that for patients identified as high risk, treatment adjustments
could be considered—such as a slower tapering of corticosteroids or earlier

introduction of immunosuppressive agents.
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1.5.5 CONCLUSIONS

In this large cohort of GCA patients, partial or complete visual loss emerged as the
most frequent visual complication. Notably, no significant associations were found
between ocular involvement and other cranial or systemic symptoms. However,
patients with peripheral arthritis appeared to have a reduced risk of developing
visual impairment.

Age, hypertension and chronic kidney disease at disease onset were identified as
the most significant risk factors for ischemic ocular manifestations in GCA. These
findings highlight the critical role of cardiovascular comorbidities in the
development of visual complications, emphasizing the need for a more holistic
approach to managing these risk factors. Addressing hypertension and related
conditions could potentially lower the incidence of vision loss in patients with

GCA, improving overall outcomes.

1.5.6 PUBLICATIONS ON THE TOPIC

1) Regola F, Mora J, Franceschini F, et al. AB0744 Hypertension and age are risk
factors for visual impairment in Giant Cell Arteritis. Annals of the Rheumatic

Diseases 2023;82:1578. https://doi.org/10.1136/annrheumdis-2023-eular.3686
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Brescia, Rheumatology and Clinical Immunology Unit, Brescia, Italy; 2University
of Brescia, Department of Clinical and Experimental Sciences, Brescia, Italy

Background: Permanent vision loss is a feared complication and a leading cause
of morbidity in Giant Cell Arteritis (GCA). Prompt recognition of patients with
visual manifestation is fundamental to reduce permanent vision loss occurrence.
Objectives: The study aims to evaluate risk factors for visual manifestations at
disease onset in an ltalian monocentric cohort of patients with Giant Cell Arteritis
(GCA).

Methods: We identified 128 patients with GCA diagnosed between 2011 and
2021 in our Center. All patients were older than 50 years of age, met the 1990
ACR criteria for GCA or had a positive temporal artery biopsy or ultrasound.
Medical records of all patients were reviewed and demographic, clinical, and
laboratory data were collected.

Results: Fifty-five patients (43%) presented at diagnosis visual ischemic man-
ifestations: blurred vision in 6 pts, diplopia in 6 pts, amaurosis fugax in 5 pts,
partial visual loss in 23 pts and complete vision loss in 1 or 2 eyes in 12 and
3 pts respectively. Out of 38 patients with partial or complete visual loss, 36
presented Arteritic Anterior Ischemic Optic Neuropathy (AION), and 2 presented
Central Retinal Artery Occlusion (CRAO). Patients with visual manifestations
had a median age of 77 (IQR 73-81) years, significantly older if compared to
patients without ocular symptoms (72 (67-76) years, p<0.001). Patients with ocu-
lar involvement presented more often hypertension (67 vs 44%, p: 0.009) and
chronic kidney disease (7 vs 0%, p: 0.031) as comorbidity at diagnosis, while
no differences were found in diabetes, cancer, coronary heart disease and dys-
lipidemia incidence comparing patients with and without visual manifestations.
No associations between visual impairment and other cranial symptoms (head-
ache, jaw claudication, scalp tenderness) were found, but peripheral arthritis was
negatively associated with ocular manifestations. No laboratory variables were
associated with ocular involvement.

Conclusion: In this large cohort of patients with GCA, partial or complete visual
loss were the most frequent visual manifestations. No associations between
ocular involvement and other cranial symptoms were found, while patients with
peripheral arthritis had a lower risk of developing visual impairment. Age and
hypertension at disease onset seem to be the most important risk factors for
visual ischemic manifestations in GCA patients.
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1.6 STUDY ON PREVALENCE AND CAUSES OF
HOSPITALIZATION AND MORTALITY IN GIANT CELL
ARTERITIS

1.6.1 AIM OF THE STUDY

GCA is a severe inflammatory disease that can lead to serious complications, such
as visual loss, cerebrovascular accidents, and aortic aneurysms. Due to the risk of
irreversible complications, the treatment of GCA necessitates the use of high-dose
glucocorticoids and other immunosuppressive therapies. While these treatments are
critical for preventing severe outcomes, they are also associated with significant
adverse effects, including infections, osteoporosis, diabetes, and cardiovascular
complications. Despite these associated risks, mortality in patients with GCA does
not seem to differ significantly from that of the general population [105-107].
However, GCA patients, being part of an older and generally frail demographic, are
particularly vulnerable to complications that may necessitate hospitalization. This
increased risk of hospitalization may be attributed not only to disease-related
complications but also to the adverse effects of prolonged and high-dose
glucocorticoid and immunosuppressive therapy.

To date, there have been only three studies examining the patterns of hospitalization
in GCA patients, all of which have been conducted in the United States [108—110].
These studies rely solely on epidemiological registries, where hospitalizations are
coded using administrative systems, such as the International Classification of
Diseases (ICD). While these registries provide valuable population-level data, they
are prone to potential coding errors, which may lead to inaccuracies in reporting the
true burden of hospitalizations in GCA. Moreover, these studies focus on hospital
admissions rather than on individual patients, lacking crucial information about
GCA disease severity, treatment regimens, medication adherence, and clinical
outcomes following discharge.

The aim of this study is to analyze hospitalization rates, causes of hospitalization,
and to identify potential risk factors related to the disease itself or its treatment.

Understanding these factors is crucial for optimizing patient management,
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improving quality of care, and reducing the risk of hospitalization and mortality in

this vulnerable population.

1.6.2 METHODS

Patients were selected according to the following inclusion criteria, above
mentioned for the “Study on Giant Cell Arteritis with Large Vessel Involvement
and analysis of this specific disease subset”: 1) patients with a new diagnosis of
GCA made at Spedali Civili Brescia between January 1, 2005, and December 31,
2020, and meeting the 2022 ACR/EULAR classification criteria [59]; 2) complete
medical history regarding disease onset; 3) a minimum follow-up of 6 months.
Clinical data for this study were collected during the first five years following the
initial diagnosis of GCA. Information was obtained from both paper and electronic
patient medical records, including demographic data, clinical features and disease
activity, treatment regimens, and comorbidities. Hospitalizations that occurred at
the time of diagnosis and admissions for day-hospital treatments were excluded
from the analysis.

The statistical analysis began with the descriptive evaluation of variables,
calculating the main indices of central tendency, expressed as median (Ist-3rd
interquartile), and percentage composition ratios. Differences between quantitative
variables across patient groups were analyzed using the non-parametric Mann-
Whitney test, while associations between nominal variables were assessed using the
chi-square test or Fisher's exact test (if the expected frequency was <5). A p-value
< 0.05 was considered statistically significant. Survival and time to first

hospitalization analysis was performed with Kaplan-Meier analysis (R Ecosystem).

1.6.3 RESULTS

We enrolled 150 patients with GCA, comprising 69% females and 31% males, with
a median age at diagnosis of 73 years (IQR 67-78) and a median diagnostic latency
of 5 weeks (IQR 3-12). Of these, 96 patients (63%) had cranial vasculitis (C-GCA),
22 (15%) had large-vessel vasculitis (LV-GCA), and 32 (22%) had both cranial and

large vessels involvement. Regarding treatment, 52 patients (35%) received
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glucocorticoids (GCs) alone, 52 (35%) were treated with GCs and tocilizumab
(TCZ), and 46 (30%) with GCs and methotrexate (MTX).

A total of 74 patients (49%) experienced at least one hospitalization during the
follow-up period, accounting for a total of 135 hospitalizations. Of the 74 patients,
43 had a single hospitalization, while 31 patients had two or more hospitalizations.
The median time to first hospitalization was 48 months after diagnosis (Graph 1)

and the mean hospitalization duration of 11 days per patient.

0.6 1

0.4 1

Hospitalization

0.0 1

0 10 20 30 40 50 60
Time (months)

Graph 1. Kaplan-Meier curve for first hospitalization

A comparison was made between patients who had at least one hospitalization and
those who were never hospitalized, analyzing demographic data, disease
characteristics, and comorbidities at the time of diagnosis (Table 9 and 10). No
significant differences were found regarding age at diagnosis or sex, nor in disease
characteristics, particularly clinical phenotype (C, LV, LV-C), ocular involvement
at onset, hospitalization at onset, or the use of immunosuppressants (MTX or TCZ).
However, when comparing baseline comorbidities, smokers and hypertensive
patients were found to be at higher risk of hospitalization during follow-up, as were
patients with multiple comorbidities. In fact, patients hospitalized during follow-up
had higher scores on the modified Rheumatic Disease Comorbidity Index (mRDCI)
and the Charlson Comorbidity Index (CCI) at diagnosis [mRDCI 1 (1-2); CCI 4 (4-
5)] compared to non-hospitalized patients [mRDCI 1 (0-1); CCI 4 (3-5)] (p mRDCI:
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0.0043; p CCI: 0.0365). In the subsequent multivariate analysis mRDCI retained
statistical significance (p: 0.0133).

Demographic GCA (n: 150) Hospitalization NO hospitalization p
(n:74) (n:76)

Sex (F/M) 104 (69%)/46 (31%) 50 (68%)/24 (32%) 54 (71%)/22(29%) 0,6435

Age at diagnosis (years) 74 (67-78) 74 (68-78) 73 (67-78) 0,4223

Hospitalization at 93 (62%) 43 (58%) 50 (66%) 0,3325
diagnosis

Ocular involvement 55 (37%) 27 (36%) 28 (37%) 0,9640

C-GCA 95 (63%) 47 (64%) 48 (63%) 0,9640

LV-GCA 22 (15%) 12 (16%) 10 (13%) 0,5966

LC-C-GCA 33 (22%) 15 (20%) 18 (24%) 0,6138

Immunosuppressant 99 (65%) 50 (68%) 49 (64%) 0,6892

MTX 44 (29%) 23 (31%) 21 (28%) 0,6427

TCz 55 (37%) 27 (36%) 28 (37%) 0,9640

Table 9. Demographic characteristics and disease manifestations at diagnosis. Data expressed as n (%) or median (IQR)

Demographic GCA (n: 150) Hospitalization NO hospitalization p
(n: 74) (n: 76)

Smoke 57 (38%) 34 (%) 23 (%) 0,0479
Obesity 14 (9%) 8 (%) 6 (%) 0,5393
Diabetes 16 (10%) 9 (%) 7 (%) 0,5582
Coronary heart disease 17 (11%) 8 (%) 9 (%) 0,8421
Hypertension 74 (49%) 43 (%) 31 (%) 0,0339
Cancer 19 (13%) 13 (%) 6 (%) 0,0749
Chronic kidney disease 5 (3%) 5 (%) 0 (%) 0,0212
Depression 8 (5%) 4 (%) 4 (%) 0,9691
Dyslipidemia 37 (25%) 18 (%) 19 (%) 0,9235
mRDCI at diagnosis 1(0-2) 2(1-3) 1(1-2) 0,0043
CCl at diagnosis 4 (3-5) 5 (4-6) 4 (4-5) 0,0365

Table 10. Comorbidities at diagnosis. mRDCI: modified Rheumatic Disease Comorbidity Index: CCl: Charlson Comorbidity

Index. Data expressed as n (%).

Analyzing hospitalizations causes, 6 hospitalizations were attributed to GCA

relapses and 129 to other diseases.
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The 6 hospitalizations for GCA relapse were characterized by temporal headache
in three cases, visual impairment in one, polymyalgia rheumatica in one, severe
anemia with jaw claudication in one case. These relapses occurred after a median
time of 18 months (IQR 12-42) post-diagnosis. As treatment, glucocorticoid (GC)
doses were increased in four cases, MTX was switched to tocilizumab TCZ in one
case, and TCZ was added to GCs in another case.

Of the remaining 129 hospitalizations, the most frequent causes were infections
(29%), cardiovascular disease (25%), and surgeries (13%, with 9% being
emergency procedures). The majority of patients were admitted to internal medicine
wards (29%), followed by cardiology and cardiac surgery (18%), general and
vascular surgery (15%), and orthopedics (10%). Additionally, 10 patients (8%)
required admission to the intensive care unit (ICU). At the time of admission, 27
patients (21%) had active GCA. Analyzing ongoing therapy, 80 patients (61%)
were on a daily GC dose of 10 mg or less, while 51 patients (39%) were on a higher
dose. Immunosuppressive therapy was being administered in 61 cases (47%),
including 35 on TCZ and 26 on MTX.

Among infections, the most commonly affected sites were the respiratory tract
(36%), urinary tract (19%), sepsis (14%), gastrointestinal tract (12%), and skin
(7%). The pathogenic microorganism was isolated in 71% of cases. Main infections
were bacterial (80%), most of which caused by Escherichia coli (51%), except in
the gastrointestinal tract, where the main pathogen was Clostridium difficile (50%),
and in the respiratory tract. In fact, viral infections (12%) predominantly affected
the respiratory tract, where they were primarily caused by SARS-CoV-2 (40%).
Finally, fungal infections (7%) were mostly caused by Candida spp (Table 11).
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Infecti it Number of isolated T # isolated path
nfection site pathogens (n: 41) ype of isolated pathogens

SARS-CoV-2 (n: 4)
Influenza A virus (n: 1)
Chlamydia pneumoniae (n: 1)
Respiratory tract 10/21 (48%) Klebsiella pneumoniae + Pseudomonas aeruginosa (n: 1)
Heamophilus influenzae type b (n: 1)
Candida albicans (n: 1)

Candida glabrata + Pneumocystis jirovecii (n: 1)

Escherichia coli (n: 10)

Urinary tract 11/12 (92%)
Proteus mirabilis (n: 1)
Escherichia coli (n: 4)
Pseudomonas aeruginosa (n: 2)
Sepsis 9/10 (90%) Klebsiella oxytoca + Enterococcus faecium (n: 1)

Enterococcus faecalis vancomycin-resistant (n: 1)

Staphylococcus aureus methicillin-sensitive (n: 1)

Gastrointestinal

tract 6/8 (75%) Clostridium difficile (n: 3)
Skin 2/4 (50%) Escherichia coli enteropathogenic (n: 1)
Central nervous 1/1 (100%) Campylobacter jejuni (n: 1)
system
Endocardium 1/1 (100%) Candida albicans (n: 1)
Knee joint 1/1 (100%) Escherichia coli (n: 1)

Table 11. Infections in hospitalized patients. Data expresses as n (%)

Seventeen patients (11%) died during follow-up period, with a median age at death
of 83 (80-88) years and a median time from diagnosis to death of 30 months (IQR
18-42). Of these, eight patients (47%) died because of infections: seven due to
pneumonia and one from peritonitis. Seven patients (41%) died of cancer, one of
cardiac arrest, and one cause of death remained undetermined. Notably, only two
patients died while hospitalized. The five-year survival probability for the cohort
was 89% (95% CI: 84-94) (Graph 2).
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Graph 2. Kaplan-Meier Kaplan-Meier survival curve

1.6.4 DISCUSSION

The aim of this study was to assess the risk of hospitalization in patients with GCA
by analyzing a single-center cohort of 150 patients over the five years following
diagnosis. Research on this topic is scarce, with all prior studies conducted in the
United States, where the healthcare system, and consequently, hospitalization
practices, differ significantly from Europe. To our knowledge, this is the first study
on GCA hospitalizations conducted in Europe.

Our analysis revealed a high risk of hospitalization in GCA patients, with nearly
half of the cohort experiencing at least one hospital admission during the follow-up
period. This finding aligns with previous studies from the U.S., which also
demonstrated that GCA patients are at higher risk of all-cause hospitalization
compared to those without GCA.

Interestingly, disease characteristics at diagnosis, including severe manifestations
like ocular involvement, were not associated with an increased risk of
hospitalization. Similarly, neither sex nor age appeared to influence the risk of
hospitalization, which contrasts with other studies that suggested female patients
and those over 70 years of age were at higher risk. Instead, the most impactful
factors were baseline comorbidities at the time of GCA diagnosis. Hospitalized

patients had significantly higher scores on the modified rheumatic disease
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comorbidity index (mRDCI) and the Charlson comorbidity index (CCI), indicating
a greater burden of comorbid conditions.

In terms of specific comorbidities, smoking, hypertension, and chronic kidney
disease were identified as significant risk factors for hospitalization during follow-
up. These are well-established cardiovascular risk factors, which correlates with
another important finding of our study: cardiovascular diseases were among the
most frequent causes of hospitalization. Furthermore, the hospital units most
frequently admitting GCA patients were cardiology and internal medicine, the latter
being typically reserved for patients with multiple chronic conditions.

Infections were another major cause of hospitalization in both our cohort and those
reported in U.S. studies. Moreover, infections emerged as the leading cause of death
in our cohort. This is not surprising given that all GCA patients are treated with
high doses of glucocorticoids, and 65% of patients in this study were also receiving
concomitant immunosuppressive therapy.

On the other hand, the risk of hospitalization due to GCA relapse was relatively
low. This could be attributed to the fact that relapses in these patients are often mild
and managed on an outpatient basis rather than through hospital admissions.

Once again, our findings highlight that GCA patients should be considered a fragile
population, not only due to the disease itself but also because of their advanced age,
comorbidities, and the aggressive immunosuppressive treatments they require. This
underscores the critical need for implementing comprehensive therapeutic and
preventive measures aimed at managing comorbidities and preventing infections in
this patient population.

A key strength of our study is the direct collection of clinical data from patient
medical records, rather than relying solely on electronic registries and ICD codes.
This allowed for more accurate identification of hospitalization causes, such as the
specific types of infections, as well as a clearer understanding of disease status at
the time of admission. Additionally, this is the first study of its kind conducted in
Italy and Europe.

The main limitation of our study is the lack of a control group, as we were unable
to compare the GCA cohort with the general population. Future studies will address

this limitation by providing comparative data in a second phase of research.
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1.6.5 CONCLUSION

Patients with GCA face a high risk of hospitalization, with approximately half of
the patients in our cohort experiencing at least one hospital admission during the
follow-up period. The main causes of hospitalization were infectious diseases and
cardiovascular conditions. Notably, GCA disease characteristics at diagnosis,
including severe manifestations such as ocular involvement, were not significantly
associated with the risk of hospitalization. Instead, comorbidities like smoking,
hypertension, and chronic kidney disease played a more substantial role in
determining the likelihood of hospitalization.

In our cohort, GCA itself did not directly contribute to increased mortality, as no
patient died from vasculitis. However, the use of immunosuppressive therapy may
have had an impact, as the leading causes of death were infections and malignant
neoplasms. This highlights the delicate balance between managing GCA and the
potential risks of immunosuppressive treatments, especially in an elderly and
comorbid population.

These findings emphasize the need for careful management of comorbid conditions
and vigilant monitoring for infections to minimize hospitalization and improve
outcomes in GCA patients. Understanding these factors is crucial for optimizing
patient management, improving quality of care, and reducing the risk of

hospitalization and mortality in this vulnerable population.

1.6.6 PUBLICATIONS ON THE TOPIC

1) Mora J, Regola F, Franceschini F, et al. AB1307 Prevalence and causes of
hospitalization and mortality in Giant Cell Arteritis: analysis of a monocentric
retrospective cohort of patients. Annals of the Rheumatic Diseases 2024;83:2001.
https://doi.org/10.1136/annrheumdis-2024-eular.4095
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PREVALENCE AND CAUSES OF HOSPITALIZATION
AND MORTALITY IN GIANT CELL ARTERITIS:
ANALYSIS OF A MONOCENTRIC RETROSPECTIVE
COHORT OF PATIENTS

Keywords: Observational studies/ registry, Glucocorticoids, Epidemiology,
Comorbidities, Real-world evidence

J.Mora', F. Regola’, F. Franceschini’, P. Toniati?. "ASST Spedali Civili and
University of Brescia, Rheumatology and Clinical Inmunology, Brescia, Italy;
2ASST Spedali Civili of Brescia, Rheumatology and Clinical Immunology,
Brescia, Italy

Background: Giant Cell Arteritis (GCA) is the most frequent vasculitis among
people above the age of 50 years. GCA is associated with several irrevers-
ible outcomes, comorbidities, and treatment side effects, which can lead to
hospitalization.

Objectives: The aim of this study was to analyze prevalence and causes of hos-
pitalization and mortality in GCA patients during the first 5 years after diagnosis.
Methods: We analyzed a cohort of 150 patients meeting the 2022 ACR/EULAR
criteria for GCA [1], diagnosed between 2003 and 2021 in our Center, and fol-
lowed up for at least 6 months. Clinical data were collected in the first 5 years
after diagnosis. Hospitalizations at diagnosis and day-hospital admissions were
excluded. Statistical analysis was performed with Kaplan-Meier analysis (R
Ecosystem).

Results: We enrolled 150 patients [F 69%; M 31%; median age at diagno-
sis 73 (IQR 67-78) years; diagnostic latency 6 (IQR 3-13) weeks] with GCA:
95 (63%) had cranial vasculitis (C-GCA), 22 (15%) large-vessel vasculitis
(LV-GCA), and 33 (22%) both. Fifty-two (35%) patients were treated with glu-
cocorticoids (GCs) alone, 52 (35%) with tocilizumab (TCZ), and 46 (30%) with
methotrexate (MTX). Seventy-four patients (49%) had at least one hospitaliza-
tion, with 43 having 1 [median time after diagnosis 18 months (95% ClI: 12-18)]
(Graph 1) and 31 having 2 or more. We recorded a total of 135 hospitaliza-
tions, with an average of about 2 hospitalizations per patient and 11 days of
hospitalization length per patient. Patients hospitalized during follow-up had
higher scores of the modified rheumatic disease comorbidity index (mRDCI)
and the Charlson comorbidity index (CCI) at diagnosis [median mRDCI 1
(IQR 1-2); median CCI 4 (IQR 4-5)] compared to non-hospitalized patients
[median mRDCI 1 (IQR 0-1); median CCI 4 (IQR 3-5)] (p mRDCI: 0,0043; p
CCl: 0,0365). Six hospitalizations were caused by GCA relapse (3 for tem-
poral headache, 1 for visual impairment, 1 for polymyalgia rheumatica, and
1 for anemia and masseter claudication), occurring after a median time after
diagnosis of 18 (IQR 12-42) months. GCs were increased in 4 cases, MTX was
changedto TCZin 1 case, and TCZ was added to GCs in 1 case. In the remain-
ing 129 cases, main causes of hospitalization were infectious diseases (29%),
circulatory system diseases (25%) and surgery (13%, of which 9% emergency
surgery). Among infections, main sites were respiratory tract (36%), urinary
tract (19%), sepsis (14%), gastrointestinal tract (12%), and skin (7%). Most
patients were admitted to internal medicine unit (29%), followed by cardiol-
ogy and cardiac surgery units (18%), general surgery and vascular surgery
units (15%), and orthopedics unit (10%). In addition, 10 patients (8%) were
admitted to the intensive care unit. On admission, 27 patients (21%) had an
active GCA and patients were taking a GC dose of 10 mg or lower in 80 cases
(61%) and higher than 10mg in 51 cases (39%), and an immunosuppressive
therapy in 61 cases (47%), of which 35 TCZ and 26 MTX. Fifty-six irreversible
GCA complications occurred in 47 patients (31%), including 29 (52%) visual
impairment and 18 (32%) aortic aneurisms. Seventeen patients (11%) passed
away during follow-up [median age 83 (IQR 80-88) years; median time after
diagnosis 30 (IQR 18-42) months], 2 of whom during a hospital stay: 8 (47%)
died of infection, of which 7 pneumonia and 1 peritonitis, 7 (41%) of cancer, 1
of cardiac arrest, and 1 undetermined. Survival probability was 89% (95% ClI:
84-94) at 5 years (Graph 2).

Conclusion: Patients with GCA have a high risk of hospitalization occur-
ring in about half of patients during follow-up. Infectious diseases and circula-
tory system diseases were the main causes of hospitalization. In our cohort,
GCA itself did not contribute directly to increase mortality, as no patient died
of vasculitis. Nevertheless, immunosuppressive therapy may have played a
role, as the primary causes of death were infectious diseases and malignant
neoplasms.
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1.7 STUDY ON GLUCOCORTICOID-RELATED ADVERSE
EVENTS IN GIANT CELL ARTERITIS AND STEROID-
SPARING EFFECT OF TOCILIZUMAB AND
METHOTREXATE

1.7.1 AIM OF THE STUDY

The first-line therapy of GCA includes high doses of glucocorticoids (GC), with
subsequent gradual tapering. However, more than 40% of patients experience
relapses or a vascular disease progression during GC tapering, and more than 80%
suffers from GC-related side effects. These side effects encompass diabetes
mellitus, arterial hypertension, atherosclerosis or other cardiovascular diseases,
infections, osteoporosis and neuropsychiatric manifestations. For these reasons,
there is a pressing need for steroid-sparing agents and both the European League
Against Rheumatism (EULAR) recommendations and the American College of
Rheumatology (ACR) guidelines advocate for tocilizumab (TCZ) as the primary
steroid-sparing agent to be used in this disease [47,60]. On the other hand,
conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs), such
as methotrexate (MTX), have shown only partial steroid-sparing effect and clinical
effectiveness, relegating them to a second-line therapy status [67].

TCZ, a humanized monoclonal antibody blocking interleukin (IL)-6 signaling, has
demonstrated clinical efficacy and steroid-sparing effects in two randomized
controlled trials (RCTs) [61,62]. However, due to the rarity of GCA and the recent
approval of TCZ, only limited studies in the literature confirm its clinical efficacy,
with no available studies addressing its steroid-sparing effect in real-word cohorts,
different from those in the RCTs [65,66].

Recently, a multidisciplinary team developed the Glucocorticoid Toxicity Index
(GTI) version 2.0 [111], an algorithm designed to quantify the GC-induced toxicity
by assessing GC side effects and steroid-induced damage. Despite its validation in
diseases such as ANCA-associated vasculitis and asthma, GTI 2.0 has not yet been

validated for LVVs [112-114].
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The aim of this study is presenting a analyzing the GC side effects in a large seal-
life cohort and to quantify the GC-induced toxicity applying GTI 2.0. We also
analyzed the steroid-sparing effect of TCZ and MTX in a real-word clinical setting.

1.7.2 METHODS

Patients were selected according to the following inclusion criteria, above
mentioned for the “Study on Giant Cell Arteritis with Large Vessel Involvement
and analysis of this specific disease subset”: 1) patients with a new diagnosis of
GCA made at Spedali Civili Brescia between January 1, 2005, and December 31,
2020, and meeting the 2022 ACR/EULAR classification criteria [59]; 2) complete
medical history regarding disease onset; 3) a minimum follow-up of 6 months.
Clinical data for this study were collected during the first five years following the
initial diagnosis of GCA. Information was obtained from both paper and electronic
patient medical records, including demographic data, clinical features and disease
activity, treatment regimens, and comorbidities.

Patients were classified according to the type of medical therapy administered.
Patients were divided into 5 groups: GC (patients treated with GC alone), MTX-1
(patients treated with MTX introduced within 3 months after diagnosis), MTX-2
(patients treated with MTX introduced at least 3 months after diagnosis for GCA
relapses or GC side effects), TCZ-1 (patients treated with TCZ introduced within 3
months after diagnosis), and TCZ-2 (patients treated with TCZ introduced at least
3 months after diagnosis for GCA relapses or GC side effects).

The GC-induced toxicity was assessed using the Glucocorticoid Toxicity Index
(GTI) version 2.0 in order to classify GC-induced side effects and analyze the
steroid-sparing effect of TCZ and MTX. GTI 2.0 is an algorithm developed by a
multispecialty medical team, which allows to quantify the GC-induced toxicity.
GTI 2.0 is composed by two sections that take into account all the possible GC side
effects: the Composite Index and the Specific List. The Composite Index is
composed by 9 domains representing main GC side effects, including variations in
body mass index (BMI), glucose tolerance, blood pressure, lipid panel, GC-induced
myopathy, bone mineral density (BMD), infections, GC-induced cutaneous toxicity

and GC-induced neuropsychiatric side effects. The Composite Index is further
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divided into two scores: the Cumulative Worsening Score (CWS), which represents
the GC cumulative damage throughout the duration of the follow-up, and the
Aggregate Improvement Score (AILS), that accounts the potential improvements
between two timepoints, as some GC side effects are transient. The Specific List
consists of 11 domains that address GC side effects not quantifiable by the
Composite Index. For this reason, GC side effects listed in the Specific List are
solely descriptive and are not suitable for statistical analysis. The minimal clinically
important difference for the GTI scores is 10 [113]. In our study, we calculated both
CWS and AIS assuming a baseline score of zero.

Disease activity and response to treatment were assessed by an expert
rheumatologist at each timepoint. Patients were considered to be in remission if
they exhibited no signs or symptoms of active GCA, and, when applicable, imaging
revealed no evidence of disease activity. Relapses were defined as the recurrence
of signs or symptoms of active GCA and/or, when applicable, imaging findings
indicating disease activity. Major relapses were defined as relapses with severe
symptoms or organ involvement, such as visual impairment, requiring high-dose
GCs and adjustments to the immunosuppressive therapy strategy. Minor relapses
were defined as episodes with mild symptoms, managed with short courses of low-
to medium-dose GCs or minor adjustments in immunosuppressive therapy.

Data were presented as median (1st-3rd interquartile) or percentage composition
for continuous and categorical variables, respectively. Fisher’s exact test was
employed to compare qualitative variables, while Mann-Whitney U test was used
to compare continuous variables between groups. Variations from baseline to
different timepoints were assessed using Wilcoxon’s signed rank test for paired
samples. Correlations were assessed with Pearson, Kendall or Spearman coefficient
(according to variable type) to evaluate associations between variables. Statistical
analysis was performed with either GraphPad statistical software package
(GraphPad Software, Inc, CA, USA) or in R environment (R Core Team 2024) . A
two-tailed P-value less than alpha reference of 0.05 was considered statistically

significant. Multiple comparisons were assessed with post hoc tests.
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1.7.3 RESULTS

1.7.3.1 DEMOGRAPHIC AND CLINICAL FEATURES

One hundred fifty patients were enrolled in the study: 104 patients were females
(69%) and 46 were males (31%) with a median age at diagnosis of 73 (67-78) years.
Patients were categorized into three groups according to GCA clinical phenotype:
96 with C-GCA (64%), 22 with LV-GCA (15%), and 32 with C-LV-GCA (21%).
At diagnosis, 130 patients (87%) had at least one comorbidity, including arterial
hypertension (74 patients, 49%), dyslipidemia (37 pts, 25%), malignant neoplasms
(19 pts, 13%), cardiovascular diseases (17 pts, 11%), cataract (17 pts, 11%),
diabetes mellitus (16 pts, 11%), obesity (14 pts, 9%), chronic lung diseases (11 pts,
7%), osteoporosis (10 pts, 7%), major depression (8 pts, 5%), peptic ulcer (5 pts,
3%), chronic renal failure (5 pts, 3%), and insufficiency fractures (1 pts, 1%). The
mean of the modified rheumatic disease comorbidity index (mRDCI) was 1 (0-2)
and the mean of the Charlson comorbidity index (CCI) was 4 (3-5).

Fifty-two patients (35%) were treated with glucocorticoids (GCs) alone, 20 (14%)
with MTX-1, 26 (17%) with MTX-2, 26 (17%) with TCZ-1, and 26 (17%) with
TCZ-2.

1.7.3.2 GC CUMULATIVE DOSE

Graphic 3 displays the temporal trend of the median GC cumulative dose in the
different groups. Statistical analysis was performed comparing the groups of
patients divided according to the type of medical therapy: GC vs TCZ-1, GC vs
TCZ-2, GC vs MTX-1, GC vs MTX-2, TCZ-1 vs MTX-1.
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Graph 3. GC cumulative dose at different timepoints categorized by the type of medical therapy. Data are expressed as the

median.

In comparing TCZ-1 patients with both GC and MTX-1 patients, a notable trend
emerged, indicating a lower GC cumulative dose for TCZ-1 patients from the
timepoint t24 onwards. Specifically, TCZ-1 patients accumulated a mean GC dose
of 8319 (6961-9780) mg at t24 and 9060 (8326-11367) mg at t36, reflecting
reductions of 23% (p: 0.0327) and 35% (p: 0.0222) respectively, compared to GC
patients. Similarly, compared to MTX-1 patients, TCZ-1 patients showed reduction
of 23% (p: 0.0323) and 26% (p: 0.0208) at the same timepoints. By t60, TCZ-1
patients had accumulated a mean GC dose of 12320 (12192-13259) mg, indicating
reductions of 25% compared to GC patients and 13% compared to MTX-1 patients;
however, these differences did not reach statistical significance. On the other hand,
comparisons between GC vs TCZ-2 and GC vs MTX-2 did not show a statistically
significant difference (Table 12).
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GC (n: 52) MTX-1 (n: 20) MTX-2 (n: 26) TCZ-1 (n: 26) TCZ-2 (n: 26) GCvs GCvs GCvs GCvs MTX-1 vs MTX-2
MTX-1 MTX-2 TCZ-1 TCZ-2 TCZ-1 vs TCZ-2
3664 3875 3436 3784 3499
s (2526-4222) (3296-4098) (2067-4284) (3089-4145) (1809-410) 08751 03564 05457 03620 07988 0.8049
5876 6369 5944 5671 5811
6 (4289-7086) (5063-6990) (3467-7138) (4918-6991) (3811-7419) 05546 06035 0.9366 0.7829 05133 0.8620
t12 7923 9075 8725 7416 7689 0.4546 0.8981 0.4371 0.9772 0.1696 0.9175
(6313-9928) (7281-9868) (5736-10173) (6499-9089) (6255-11063)
9738 10594 10379 8319 9378
8 (7639-12316)  (8484-11363)  (7756-12663)  (6724-10343) (7941-14531) 06574 03133 02135 07040  0.1089 0.7576
10885 11386 12563 8747 10854
24 (8664-13472)  (9150-12529)  (8565-14556) (6961-9780) (9531-18910) 09272 03697 00327 05881 00323 0.9500
136 13691 12505 14676 9060 13971 0.7818 0.3792 0.0222  0.6210 0.0208 0.9113
(10229-16345) (10689-14103) (10642-16908) (8326-11367) (10696-20353) i i ) i ) )
15176 13504 16848 11545 16965
8 11510-19424) (11850-15763)  (12629-20370)  (11023-12871)  (11363-20590) 03506 05838 01571 06451  0.3463 0.9694
t60 16457 14253 18650 12320 19670 0.6276 0.6543 0.0903 0.6740 0.2091 0.7398

(13218-21001)  (13218-20703)  (13065-21761)  (12193-13259)  (12232-23801)

Table 12. GC cumulative dose at different timepoints categorized by the type of medical therapy. Data are expressed as the

median (1st-3rd interquartile).

1.7.3.3 GC SIDE EFFECTS

Throughout the follow-up period, GC side effects were observed in 132 patients
(88%). A total of 451 GC-related side effects were documented with an average
occurrence of about 3.4 GC-related side effects per patient. Notably, 369 (82%)
side effects occurred within the initial 2 years following diagnosis and the initiation
of GC treatment.

The most prevalent GC side effects included arterial hypertension (14%) and
infections (14%), followed by neuropsychiatric manifestations (12%), diabetes
mellitus (9%), cataract (8%), dyslipidemia (8%), cardiovascular diseases other than
arterial hypertension (6%), weight gain (6%), osteoporosis (6%), GC-induced
myopathy (4%), insufficiency fractures (4%), Cushingoid features (1%), glaucoma
(1%), avascular necrosis (< 1%), tendon rupture (< 1%), and gastrointestinal
symptoms (< 1%). Among infections, urinary tract infections (UTIs) were the most
common (20%), followed by pneumonias (11%), acute bronchitis (7%), and herpes
zoster (6%). Reported cardiovascular diseases, other than arterial hypertension,
included deep venous thrombosis (35%), atrial fibrillation (23%), acute heart failure

(15%), acute myocardial infarction (15%), and stroke or TIA (12%).

1.7.3.4 GC SIDE EFFECTS: CORRELATIONS WITH
COMORBIDITIES AND GC CUMULATIVE DOSE

With the aim of identifying potential factors determining the increased risk of

developing GC-related side effects, excluding the possible effect of
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immunosuppressive drugs (analyzed in the next section), an analysis of the overall
cohort was conducted using the GTI 2.0, calculated using the two Composite Index
scores, CWS and AIS.

Firstly, to investigate potential correlations between comorbidities at diagnosis and
the development of GC-induced side effects, a correlation analysis was performed
between GTI 2.0 CWS and disease comorbidity indexes (CCI and mRDCI) at the
time of diagnosis. No statistically significant correlation emerged between mRDCI
at baseline and CWS at different timepoints. In the correlation analysis between the
baseline CCI and CWS at various timepoints, a baseline CCI value < 3 was
categorized as low (low CCI), while a baseline CCI value > 3 was categorized as
high (high CCI). Patients with a high CCI at baseline exhibited significantly higher
CWS scores during the follow-up period. Specifically, the difference was
statistically significant from timepoint t18 (p:0.021) to timepoint t48 (p:0.026) and
showed a trend toward statistical significance at timepoint t60 (p:0.061) (Graph 4).
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Graph 4. Correlation analysis between GTI 2.0 CWS and CCI at diagnosis. A baseline CCl value < 3 was categorized as low

(low CCl), while a baseline CCl value > 3 was categorized as high (high CCl).

Secondly, to analyze the potential correlations between GC cumulative dose and
the development of GC-induced side effects, a correlation analysis was performed

between GC cumulative dose and GTI 2.0 at different timepoints. This analysis
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revealed a positive correlation between the GC cumulative dose and GTI 2.0 CWS

when accounted for repeated measures (p < 0.0001) [115] (Graph 5).
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Graph 5. Correlation analysis between GC cumulative dose and GTI 2.0 CWS when accounted for repeated measures.
1.7.3.5 TCZ AND MTX EFFECTS ON GC SIDE EFFECTS

Statistical analysis was conducted to compare patient groups categorized by the
type of medical therapy: GC vs MTX-1, GC vs MTX-2, GC vs TCZ-1, GC vs TCZ-
2, MTX-1 vs TCZ-1, and MTX-2 vs TCZ-2 (Table 13).
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Side effects Cohort GC MTX-1 MTX-2 TCZ-1 TCZ-2 p

(n: 150) (n: 52) (n: 20) (n: 26) (n: 26) (n: 26)
Infections 64 (43%) 26 (50%) 9 (45%) 10 (38%) 5(19%) 14(54%)  0.0736
Hypertension 63 (42%) 23 (44%) 12 (60%) 11 (42%) 7 (27%) 10(38%)  0.2553
Neuropsychiatric o o o o o o
AT 53 (35%) 23 (44%) 12 (60%) 9 (35%) 3(11%) 6 (23%) 0.0040
Diabetes mellitus 72 (28%) 15 29%) 8 (40%) 6 (23%) 7(27%) 6(23%) 0.7197
Cataract 38 (25%) 15 (29%) 3(15%) 10 (38%) 5 (19%) 5 (19%) 0.3019
Dyshipidemia 37 (25%) 13 (25%) 8 (40%) 5 (19%) 2 (8%) 9 (35%) 0.0791
Dermatologic 29 (19%) 9 (17%) 7 (35%) 6 (23%) 3(11%) 4(15%) 03094
manifestations
Cardiovascular 26 (17%) 12 (23%) 2 (10%) 6 (23%) 2 (8%) 4(15%) 03667
diseases
Weight gain 25 (17%) 11 (21%) 5 (25%) 4 (15%) 3(11%) 2 (8%) 0.4395
Osteoporosis 25 (17%) 6 (11%) 3(15%) 8 (31%) 3(10%) 5 (19%) 0.2520
GC-induced 19 (13%) 6 (11%) 4 (20%) 4(15%) 1 (4%) 4(15%) 0.5236
myopathy
Cushingoid features 6 (4% 12% 1(5% 1 (4% 1(4% 2 (8% 0.8155
g (4%) (2%) (5%) (4%) (4%) (8%)
Glaucoma 4(3%) 3 (6%) 0 1 (4%) 0 0 0.4006
Avascular necrosis 2 (1%) 0 0 1 (4%) 0 1 (4%) 0.4309
Tendon rupture 1(<1%) 1(2%) 0 0 0 0 0.7546
Gastrointestinal 1(<1%) 0 0 0 0 1(4%) 0.3083
symptoms
Total GC side 451 169 74 86 43 79 N/A
effects
Side effects per
D atient (mean) 34 36 39 33 25 34 N/A
Patientswith21 5, (ga0) 47 (90%) 19 (95%) 26 (100%) 17 (65%) 23(88%)  0.0017
side effect
Patients with >3 o o o o o o
e 67 (45%) 23 (44%) 14 (70%) 12 (46%) 5 (19%) 13 (50%) 0.015

Table 13. GC side effects categorized by the type of medical therapy. Data are expressed as n (%) or mean.

Examination of GC side effect incidence revealed a notable discrepancy across
patient groups, indicating a higher prevalence of patients experiencing at least one
side effect in the GC (90%), MTX-1 (95%), MTX-2 (100%), and TCZ-2 (88%)
groups compared to TCZ-1 group (65%) (p: 0.0017). Furthermore, patients in the
first four groups reported a higher number of GC side effects per patient compared

to TCZ-1 patients: patients with > 3 GC side effects were 44% in the GC group,
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70% in MTX-1, 46% in MTX-2, and 50% in TCZ-2 compared to 19% in the TCZ-
1 group (p: 0.0151).

The comparison between patients treated with immunosuppressants introduced at
least 3 months after diagnosis (TCZ-2 and MTX-2) showed that only 30% of TCZ-
2 patients experienced GC side effects after the introduction of TCZ, compared to
70% who developed them before starting the therapy (p < 0.0001). In contrast, 45%
of MTX-2 patients developed GC side effects after the introduction of MTX,
compared to 55% who developed them before the therapy (p: 0.2225).

Further comparison of specific GC side effect incidence in different groups showed
statistically significant differences, particularly in the occurrences of infections,
lower in TCZ-1 group compared to GC (19% vs 50%; p: 0.0134), arterial
hypertension, lower in TCZ-1 group compared to MTX-1 group (27% vs 60%; p:
0.0355), dyslipidemia, lower in TCZ-1 group compared to MTX-1 group (8% vs
40%; p: 0.0125), and in neuropsychiatric GC side effects, lower in TCZ-1 group
compared to GC (11% vs 44%; p: 0.0047) and to MTX-1 (11% vs 60%; p: 0.0011).

1.7.3.6 TCZ AND MTX EFFECTS ON GC SIDE EFFECTS:
APPLICATION OF GTI 2.0

Graphic 6 displays the temporal trend of the GTI 2.0, calculated using the two
Composite Index scores, AIS and CWS, in relation to the type of medical therapy
administered to patients (GC, MTX-1, MTX-2, TCZ-1, and TCZ-2).

Regarding GTI 2.0 AIS, comparing TCZ-1 patients to GC patients and to MTX-1
patients, a trend to statistical significance was showed, with lower scores in TCZ-1
group. In particular, there was a difference of 52%, 90%, 61%, 69%, 78%., 86%,
and 86% for TCZ-1 patients vs GC patients, and a difference of 67%, 90%, 68%,
77%, 79%, 86%, and 85% for TCZ-1 patients vs MTX-1 patients, respectively at
timepoints t6, t12, t18, t24, t36, t48, and t60.

In the same way, GTI 2.0 CWS between TCZ-1 patients and GC patients or MTX-
1 patients presented a trend to statistical significance, showing a difference of 43%,
51%, 38%, 49%, 62%, 67%, and 76% for TCZ-1 patients vs GC patients, and a
difference of 64%, 65%, 56%, 63%, 61%, 68%, and 67% for TCZ-1 patients vs
MTX-1 patients, respectively at timepoints t6, t12, t18, t24, t36, t48, and t60.
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Graph 5. GTI 2.0 AlIS and CWS at different timepoints categorized by the type of medical therapy. Data are expressed as the

median.

1.7.3.7 ANALYSIS OF RELAPSES AND IRREVERSIBLE GCA
COMPLICATIONS

Within the entire cohort, 63 patients (42%) experienced a relapse of GCA
accounting for a total of 94 relapses, of which 54 classified as minor (57%) and 40
as major (43%), and an average of 1.5 relapses per patient. Dividing the cohort
based on therapy, 20 GC patients developed 26 relapses (38%), of which 8 major
and 18 minor, 9 MTX-1 patients 15 relapses (45%), of which 5 major and 10 minor,
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19 MTX-2 patients 28 relapses (73%), of which 13 major and 15 minor, TCZ-1
patients none, and 15 TCZ-2 patients 25 relapses (58%), of which 14 major and 11
minor. Statistical analysis revealed a significant difference for both the proportion
of patients who relapsed (p < 0.0001) and the absolute number of relapses (p <
0.0001). Specifically, significant differences were observed between GC and TCZ-
1 (p <0.0001 and p < 0.0001, respectively) and MTZ-1 vs TCZ-1 (p: 0.0002 and p
< 0.0001, respectively). Furthermore, only 4 TCZ-2 patients (16%) developed a
minor relapse after initiation of TCZ compared to 12 MTX-2 patients (43%) after
initiation of MTX, of which 7 experienced major relapses (p: 0.0410).

In the entire cohort, 46 patients (31%) had at least an irreversible GCA complication
with a total of 51 GCA complications: visual impairment (57%), aortic ectasia or
aneurism (33%), stroke (6%), chronic lower limb claudication (2%), and chronic
upper limb claudication (2%). GC patients developed 22 complications (43%),
MTX-1 patients 3 (6%), MTX-2 patients 9 (18%), TCZ-1 patients 6 (12%), and
TCZ-2 patients 11 (21%). A statistically significant difference between GC group
and other groups was observed (GC vs MTX-1 p <0.0001, GC vs MTX-2 p: 0.0092,
GC vs TCZ-1 p: 0.0007, and GC vs TCZ-2 p: 0.0335), especially in relation to the
visual impairment (GC vs MTX-1 p: 0.0008, GC vs MTX-2 p: 0.0239, GC vs TCZ-
I p: 0.0096, and GC vs TCZ-2 p: 0.0096). Comparisons between other groups
(MTX-1 vs TCZ-1 and MTX-2 vs TCZ-2) and according to the other types of GCA

complications did not show a statistically significant difference.

1.7.4 DISCUSSION

The treatment of GCA relies on the use of high-dose GCs. However, despite GC
treatment, approximately 40% of patients experience a disease relapse and the
chronic use of GCs is associated with an incidence of over 80% of side effects,
affecting prognosis. For these reasons, in recent years, significant attention has been
paid to the potential use of immunosuppressive drugs in combination with GCs,
particularly MTX and TCZ.

The aim of this study was to analyze the side effects of GCs in a well-characterized
cohort of patients with GCA, examining their incidence and progression over time,
and quantifying the overall damage induced by GCs through the application of the
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GTI 2.0 [111]. The second part of the study aimed to demonstrate the potential
steroid-sparing effect of TCZ and MTX.

The analysis of the historical cohort of GCA patients from our center allowed the
identification of 150 patients with GCA, well-characterized from clinical,
laboratory, and instrumental perspectives.

The cumulative dose of GCs for the entire cohort was 7,923 mg after 1 year from
diagnosis and 16,457 mg after 5 years. This cumulative dose was higher compared
to RCT trials but aligned with the few data available in the literature [61,79]. The
difference between the cumulative dose in RCT trials and real-life settings is likely
secondary to the different therapeutic approaches in pharmacological trials
compared to the outpatient setting, where the GC tapering protocol is not
standardized but reflects a more personalized approach based on disease activity
and clinical characteristics of each patient.

Chronic GC therapy is recognized as a risk factor for numerous diseases, such as
diabetes mellitus, hypertension, atherosclerosis, cardiovascular diseases, infections,
and osteoporosis, and for most of these side effects, a dose-dependent effect of the
cumulative GC dose has been demonstrated [69]. To confirm this observation and
to calculate the cumulative damage induced by GCs in GCA, we calculated the
incidence of each side effect and the GTI 2.0 score at different follow-up times.
During the follow-up, approximately 9 out of 10 patients in our cohort developed
at least one side effect secondary to GC therapy, with an average of 3.4 events per
patient. The most frequent GC side effects were arterial hypertension and
infections. The increased risk of severe infections (grade > 3 according to GTI 2.0)
observed in this study was an expected finding due to the immunosuppressive effect
of steroid therapy, and it aligns with previously published data. In fact, a recent
retrospective study conducted in France highlighted a high risk of severe infections
in the first year after GCA diagnosis, especially in patients with greater exposure to
chronic GC therapy [71]. Neuropsychiatric side effects, such as anxiety, insomnia,
and depression, were also frequently reported in our cohort and, in one case, were
complicated by GC-induced acute psychosis. It is noteworthy that the high

incidence of these side effects in the cohort could be partially due to the emotional
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impact associated with the GCA diagnosis itself, particularly if associated with
visual complications at disease onset, and not entirely attributable to GC effects.
To identify potential factors determining the increased risk of developing GC-
related side effects, we analyzed the role of comorbidities at diagnosis and the
possible dose-dependent effect of GC-induced damage. Specifically, a positive
correlation between a high CCI (CCI > 3), a comorbidity index, and the GTI 2.0
CWS was demonstrated in the entire cohort, supporting the hypothesis that patients
with more baseline comorbidities are at increased risk of developing new
comorbidities or experiencing worsening of pre-existing ones. Subsequently, also
the relationship between GTI 2.0 and GC cumulative dose was analyzed and a
positive correlation was demonstrated between these parameters.

The second part of the study aimed to demonstrate the potential steroid-sparing
effect of TCZ and MTX and their efficacy. Regarding MTX, to date, there are no
RCT studies in the literature on its efficacy in GCA. Conversely, in 2017, TCZ
demonstrated its efficacy in two RCT studies [61,62]. In total, 170 GCA patients
were treated in these studies and TCZ demonstrated superior efficacy to placebo in
inducing and maintaining disease remission after 52 weeks of treatment in both
studies. Additionally, TCZ showed a steroid-sparing effect, allowing a reduction in
the cumulative GC dose in patients treated with TCZ compared to those in the
placebo groups. Given the rarity of the disease and the recent approval of the drug,
few studies in the literature have examined the use of TCZ in real-life cohorts of
GCA patients, which seem to confirm the efficacy of TCZ on disease activity.
However, there are no published studies on the steroid-sparing effect of TCZ in
cohorts other than those from the two RCTs.

Our cohort analysis confirmed the steroid-sparing effect of TCZ when used as first-
line therapy and started at diagnosis or within 3 months after diagnosis (TCZ-1).
Specifically, patients in the TCZ-1 group accumulated 25% less GC cumulative
dose compared to patients treated only with GCs. Conversely, no significant
differences were observed in the comparison between patients treated with GC
drugs and those treated with MTX (MTX-1 and MTX-2) and second-line TCZ
(TCZ-2). The lower cumulative GC dose in the TCZ-1 group was also associated

with fewer GC side effects and less cumulative GC-induced damage. In fact, in the
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GC group, 90% of patients developed at least one side effect, but this percentage
decreased to 65% in the TCZ-1 group. Additionally, in the GC group, 44% of
patients developed at least three side effects with a mean of 3.6 GC side effects per
patient, compared to 19% in the TCZ-1 group and a mean of 2.5 GC side effects
per patient in the TCZ-1 group. These data suggest that first-line TCZ reduces the
incidence of GC-induced side effects and the number of GC side effects per patient.
This result is also supported by the analysis of GTI 2.0 progression over time in the
different groups. Both the GTI 2.0 AIS, an index of the active damage at the time
of examination, and the GTI 2.0 CWS, an index of the cumulative patient damage,
were lower in the TCZ-1 group compared to the GC group, with a difference of
86% and 67%, respectively.

Conversely, the effect of MTX was significantly lower, both in terms of the GC
cumulative dose and the incidence of GC side effects, as well as in the calculation
of the cumulative GC-induced damage. These data align with previous retrospective
studies and meta-analyses on MTX, in which the drug showed only a modest
steroid-sparing effect [67].

In addition to the steroid-sparing effect of TCZ, its clinical efficacy in inducing
disease remission and reducing the number of disease relapses and short- and long-
term disease outcomes was also analyzed. In the entire cohort of 150 patients, about
40% of the patients had at least one disease relapse, but none occurred in the TCZ-
1 group. Similarly, in the TCZ-2 group, which included patients who started TCZ
following a disease relapse or after developing GC-induced side effects, only 16%
of patients experienced a relapse after starting TCZ. Therefore, these data confirm
the efficacy of TCZ in inducing and maintaining disease remission, whether used
as first-line or second-line treatment. On the contrary, MTX did not demonstrated
any efficacy in reducing the number of disease relapses. Similarly, the analysis of
disease outcome incidence showed a difference depending on the therapy used,
demonstrating that GC monotherapy was associated with a higher incidence of
disease complications compared to combination therapy with MTX or TCZ.
Regarding the limitations of this study, the retrospective design is a primary one.
The GTI 2.0 score was designed for application in RCT studies, with prospective

data collection, although it is also applicable to retrospective cohorts, as in our
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study. However, as expected in retrospective studies, the presence of missing data
can reduce the uniformity of collected data and their statistical significance. To
mitigate biases related to this limitation, the inclusion criteria was the presence of
complete clinical follow-up data for at least 6 months.

On the contrary, some of the strengths of this study include the large sample size,
the uniformity of the collected data due to it being a single-center cohort, and the
long duration of follow-up. Regarding the latter point, in the literature, the GTI 2.0
score has been validated for bronchial asthma and ANCA-associated vasculitis
[112—114], analyzing the variation of this parameter over a 1-year period. To our
knowledge, this study represents the first instance where the GTI 2.0 has been

applied in a cohort followed longitudinally for more than 12 months.

1.7.5 CONCLUSION

In our cohort of 150 patients with GCA, it was confirmed that chronic use of GCs
is associated with a high incidence of side effects, developed in approximately 90%
of patients. Furthermore, GC-induced damage was found to be correlated with the
GC cumulative dose and the presence of comorbidities at the time of diagnosis.
Based on these data, the need to identify immunosuppressive drugs to treat GCA
patients becomes evident, ensuring therapeutic efficacy while simultaneously
reducing the GC dose. TCZ has demonstrated clinical efficacy and steroid-sparing
effect in highly selected cohorts of patients within two RCT studies. In this study,
for the first time, its steroid-sparing effect has been demonstrated in a cohort
reflecting real clinical practice. In our study, patients treated with TCZ as first-line
therapy (TCZ-1) accumulated 25% less GC cumulative dose compared to patients
treated with GCs alone. This reduction in GC cumulative dose was associated with
a lower incidence of GC-related side effects and less damage, as quantified by the
GTI 2.0 score. Moreover, TCZ also demonstrated its efficacy in inducing and
maintaining remission in patients when treated early in the course of the disease
(TCZ-1 group). Similar efficacy was demonstrated among patients who initiated
TCZ as second-line therapy, following disease relapse or after developing GC-

induced adverse events (TCZ-2 group): in this group as well, the number of patients
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experiencing disease relapse during TCZ therapy was lower than in the control
group treated with GCs alone.

In conclusion, GCs represent a cornerstone in GCA therapy, but they are associated
with a high incidence of side effects, and their cumulative dose correlates with
induced damage, as quantified by the new GTI 2.0 score. TCZ has reaffirmed its
status as a valid therapeutic option in a real-life cohort, allowing for a reduction in

GC cumulative dose and consequently reducing their side effects.
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Background: Oral glucocorticoids (GC) are the mainstay of treatment for
giant cell arteritis (GCA) but chronic exposure to GC is associated with serious
comorbidities.
Objectives: The objective of this study was to determine the GC exposure and
risk of GC-related adverse events (AEs) in GCA, validating the Glucocorticoid
Toxicity Index (GTI) (1,2) in a cohort of real-world patients.
Methods: 140 consecutive patients with GCA were enrolled in this retrospec-
tive monocentric study. All patients were older than 50 years of age, met the
1990 ACR criteria for GCA and/or had the evidence of a large vessel vasculitis
at FDG-PET/CT scan. Patients’ clinical data were collected from clinical charts,
calculating GC cumulative dose and GTI at baseline and in the following 5 years.
Results: 140 patients were enrolled in the study: median (IQR) age at diagnosis
74 (67-79), Female: 97 (69%), Male: 43 (31%). According to vascular involve-
ment patients were classified in cranial-GCA (C-GCA, n:91), large vessel-GCA
(LV-GCA, n:21) and cranial and large vessel-GCA (LV-C-GCA, n:28). Further-
more, 50 (36%) patients were treated with only GC, 44 (31%) with GC+meth-
otrexate (MTX), 46 (33%) with GC+tocilizumab (in 20 cases TCZ was started
in the first 3 months after diagnosis: early-TCZ, in 26 cases after 3 months for
relapses or AEs: late-TCZ).
During the follow up, 57 (41%) patients presented at least one relapse. In the
GC group 22 relapses in 18 patients were reported, in MTX group 33 relapses in
25 patients (with 15 relapses before and 18 after MTX start), in early-TCZ group
no relapses were reported, in late-TCZ group 21 relapses in 14 patients (with 17
relapses before and 4 after TCZ start) were reported.
Median cumulative GC doses after 1 and 5 years were respectively 7.9 (6.3-
9.8) gr and 16.5 (13.8-18.9) gr in GC group, 8.7 (5.9-10.0) gr and 16.5 (13.2-
20.7) gr in MTX group, 7.1 (5.5-8.0) gr and 13.3 (12.8-13.7) gr in early-TCZ
and 7.7 (6.2-11.1) gr and 19.7 (12.2-23.8) gr in late-TCZ. Eighty-eight percent
of patients developed at least one GC-AE, with infections and hypertension
being the most common reported AEs (42% e 44%, respectively). Median
GTI-CWS (Cumulative Worsening Score) after 1 year was 65 (20-137) in GC,
63 (10-95) in MTX, 51 (33-116) in TCZ-early, 44 (0-91) in TCZ-late. Median
GTI-CWS after 5 years was 219 (118-240) in GC, 137 (65-206) in MTX, 147
(146-147) in TCZ-early, 200 (121-231) in TCZ-late. A correlation between
GTI-CWS and the GC cumulative dose was found (after 5 years r: 0.295,
p: 0.026).
Conclusion: Chronic GC treatment is associated with a high risk of developing
comorbidities. GTI score demonstrated to be an effective tool to assess GC-re-
lated AEs and proved to correlate with GC cumulative dose. TCZ confirmed its
efficacy in reducing relapse rate, both in early and late-TCZ groups (3). TCZ
showed for the first time in a real-life cohort a GC sparing effect, with a 19%
reduction in GC cumulative dose and a 33% reduction in GTI-CWS in 5 years
(comparing GC group vs early-TCZ group).
REFERENCES:
[1] Gilucocorticoid Toxicity Index (Copyright © 2016, 2018. Massachusetts Gen-
eral Hospital. All rights reserved.)
[2] Miloslavsky EM et al. Ann Rheum Dis. 2017 doi: 10.1136/
annrheumdis-2016-210002.
[3] Stone JH et al. N Engl J Med. 2017 doi: 10.1056/NEJMoa1613849.
Disclosure of Interests: None declared
DOI: 10.1136/annrheumdis-2022-eular.2828

Scientific Abstracts

JYBLAdOD Aq Paloslold 1SeNb Ag 202 ‘G2 18G0I00 UO /W00’ g pLe//:dny WOy papeojumod 2202 ABN €2 UO 8282 JBINS-g20g-SIPWNaUIUUE/IE L L'0L SB Paysliand isiy [SI Wnayy uuy


http://ard.bmj.com/
Francesca Regola

Francesca Regola

Francesca Regola


ABSTRACT NUMBER: 0481

Glucocorticoid-related Adverse Events in Giant Cell Arteritis:
Application of the Glucocorticoid Toxicity Index in a
Monocentric Cohort of 140 Patients

Francesca Regola', Jacopo Mora’, Giovanni Bosio?, Laura Andreoli’, Franco Franceschini’ and Paola
Toniati', "Rheumatology and Clinical Immunology Unit, ASST Spedali Civili and University of Brescia,
Brescia, Italy, 2Nuclear Medicine Unit, ASST Spedali Civili of Brescia, Brescia, Italy

Meeting: ACR Convergence 2022

Keywords: giant cell arteritis, glucocorticoids, Vasculitis

SESSION INFORMATION

Date: Saturday, November 12, 2022 Session Type: Poster Session A
Title: Vasculitis - Non-ANCA-Associated Session Time: 1:00PM-3:00PM
and Related Disorders Poster I: Giant Cell

Arteritis

Background/Purpose: Oral glucocorticoids (GC) are the mainstay of treatment for giant cell arteritis
(GCA) but chronic exposure to GC is associated with serious comorbidities. The objective of this study
was to determine the GC exposure and risk of GC-related adverse events (AEs) in GCA, validating the
Glucocorticoid Toxicity Index (GTI) (1,2) in a cohort of real-world patients.

Methods: 140 consecutive patients with GCA were enrolled in this retrospective monocentric study.
All patients were older than 50 years of age, met the 1990 ACR criteria for GCA and/or had the
evidence of a large vessel vasculitis at FDG-PET/CT scan. Patients’ clinical data were collected from
clinical charts, calculating GC cumulative dose and GTI at baseline and in the following 5 years.

Results: 140 patients were enrolled in the study: median (IQR) age at diagnosis 74 (67-79), Female: 97
(69%), Male: 43 (31%). According to vascular involvement patients were classified in cranial-GCA (C-
GCA, n:91), large vessel-GCA (LV-GCA, n:21) and cranial and large vessel-GCA (LV-C-GCA, n:28).
Furthermore, 50 (36%) patients were treated with only GC, 44 (31%) with GC+methotrexate (MTX), 46
(33%) with GC+tocilizumab (in 20 cases TCZ was started in the first 3 months after diagnosis: early-
TCZ, in 26 cases after 3 months for relapses or AEs: late-TCZ).

During the follow up, 57 (41%) patients presented at least one relapse. In the GC group 22 relapses in
18 patients were reported, in MTX group 33 relapses in 25 patients (with 15 relapses before and 18
after MTX start), in early-TCZ group no relapses were reported, in late-TCZ group 21 relapses in 14
patients (with 17 relapses before and 4 after TCZ start) were reported.

Median cumulative GC doses after 1 and 5 years were respectively 7.9 (6.3-9.8) gr and 16.5 (13.8-18.9)
grin GC group, 8.7 (5.9-10.0) gr and 16.5 (13.2-20.7) gr in MTX group, 7.1 (5.5-8.0) gr and 13.3 (12.8-
13.7) grin early-TCZ and 7.7 (6.2-11.1) gr and 19.7 (12.2-23.8) gr in late-TCZ.
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Eighty-eight percent of patients developed at least one GC-AE, with infections and hypertension being
the most common reported AEs (42% e 44%, respectively). Median GTI-CWS (Cumulative Worsening
Score) after 1 year was 65 (20-137) in GC, 63 (10-95) in MTX, 51 (33-116) in TCZ-early, 44 (0-91) in TCZ-
late. Median GTI-CWS after 5 years was 219 (118-240) in GC, 137 (65-206) in MTX, 147 (146-147) in
TCZ-early, 200 (121-231) in TCZ-late. A correlation between GTI-CWS and the GC cumulative dose was
found (after 5 years r: 0.295, p: 0.026).

Conclusion: Chronic GC treatment is associated with a high risk of developing comorbidities. GTI
score demonstrated to be an effective tool to assess GC-related AEs and proved to correlate with GC
cumulative dose.

TCZ confirmed its efficacy in reducing relapse rate, both in early and late-TCZ groups. TCZ showed for
the first time in a real-life cohort a GC sparing effect, with a 19% reduction in GC cumulative dose and
a 33% reduction in GTI-CWS in 5 years (comparing GC group vs early-TCZ group).

References: (1) Glucocorticoid Toxicity Index (Copyright © 2016, 2018. Massachusetts General
Hospital. All rights reserved.) (2) Miloslavsky EM et al. Ann Rheum Dis. 2017 doi:
10.1136/annrheumdis-2016-210002.

Disclosures: F. Regola, None; J. Mora, None; G. Bosio, None; L. Andreoli, GlaxoSmithKlein(GSK),
Janssen, Novartis, UCB, Werfen; F. Franceschini, None; P. Toniati, None.

To cite this abstract in AMA style:

Regola F, Mora J, Bosio G, Andreoli L, Franceschini F, Toniati P. Glucocorticoid-related Adverse
Events in Giant Cell Arteritis: Application of the Glucocorticoid Toxicity Index in a Monocentric
Cohort of 140 Patients [abstract]. Arthritis Rheumatol. 2022; 74 (suppl 9).
https://acrabstracts.org/abstract/glucocorticoid-related-adverse-events-in-giant-cell-arteritis-
application-of-the-glucocorticoid-toxicity-index-in-a-monocentric-cohort-of-140-patients/.
Accessed October 25, 2024.

ACR Meeting Abstracts - https://acrabstracts.org/abstract/glucocorticoid-related-adverse-events-in-
giant-cell-arteritis-application-of-the-glucocorticoid-toxicity-index-in-a-monocentric-cohort-of-140-
patients/



1.8 STUDY ON TREG E TH17 AS BIOMARKERS IN GIANT
CELL ARTERITIS AND POTENTIAL EFFECTS OF THE
TREATMENT

1.8.1 AIM OF THE STUDY

The pathogenesis of GCA is not fully understood, but major progresses have been
made in recent years focusing on the immune cell abnormalities. Research studies
have shown that both the innate and adaptive immune systems are dysregulated in
GCA patients. Considering the innate counterpart, macrophages play a central role,
particularly for the granuloma and multinucleated giant cells formation, which are
pathognomonic features of arterial lesions in GCA [116], as well as in IL-1 and IL-
6 production. In a similar way, neutrophils and dendritic cells (DCs) play a crucial
role in the pathogenesis of GCA. Neutrophils are locally activated as consequence
of the arterial wall damage to release pro-inflammatory cytokines, including IL-6
[117] and IL-17A, and to produce enzymes and neutrophil extracellular traps
(NETs) that disrupt the extracellular matrix, as observed in temporal artery biopsies
of GCA patients [118]. DCs, located between the media and adventitia of the
arterial wall, contribute to macrophages and T lymphocytes activation, triggering
cytokines production and granuloma formation [119].

Evidence also supports the involvement of adaptive immunity in GCA
pathogenesis, with dysregulation observed in both B and T lymphocytes. Regarding
B cells, their role in GCA is currently not fully understood. Plasma cells have been
observed in positive temporal artery biopsies [120], but the potential impact of
humoral immunity in GCA remains undetermined. It is more likely to consider that
their primary role is in T cell responses regulation through the secretion of both pro-
inflammatory (TNF-a and IL-6) and anti-inflammatory (IL-10) cytokines [121].
Two CD4+ T effector cell subtypes have been identified essential in the pathogenies
of this disease: type 17 helper T cells (Th17) and type 1 helper T cells (Th1), both
of which are expanded in peripheral blood and arteries of GCA patients [122,123].
Thl cells, differentiated via the IL12/IFN-y axis, produce IFN-y [124] and are
involved in ischemic vascular injury but they are not sensitive to steroid therapy

[123]. Th17 cells are responsible for IL-17 production, an interleukin that facilitates
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macrophage recruitment and induces the production of many pro-inflammatory
molecules, such as IL-1, IL-6, IL-17, IL-23 and chemokines [125]. Unlike Thl
cells, Th17 cells are sensitive to steroid therapy.

It is important to note that in GCA, not only Thl and Th17 cells are in excess, but
the imbalance between these two proinflammatory cell subsets and regulatory T
cells (Tregs) is crucial for the pathogenesis of the disease. Tregs play a key role in
maintaining immune tolerance and preventing autoimmunity. They are reduced in
both the blood and arterial lesions of patients with GCA [126]. Furthermore, Tregs
in GCA patients appear functionally impaired and potentially pathogenic,
exhibiting reduced proliferation and elevated IL-17 production compared to healthy
individuals [127]. Interestingly, while GC therapy is ineffective in inhibiting these
pathogenic Tregs in GCA [126], therapeutic blockade of the IL-6 receptor (IL-6R)
has been shown to revert the Treg abnormalities detected in active GCA and restore
Treg anti-inflammatory function [127].

This study aimed to analyze the number of circulating Th17 and Treg cells in a
cohort of GCA patients before and after tocilizumab treatment, correlating these

findings with disease activity and therapeutic response.

1.8.2 METHODS

Eight consecutive patients with a diagnosis of GCA, based on the 2022
ACR/EULAR criteria [59] , were enrolled at the Department of Rheumatology and
Clinical Immunology in Brescia, Italy. At the time of enrollment, patients had active
disease, defined by specific signs/symptoms and abnormalities in laboratory or
imaging studies (temporal artery ultrasound or PET). All patients were on steroid
therapy and began treatment with tocilizumab 162 mg sc/week according to clinical
practice guidelines. After 6 months of treatment, disease activity and response to
treatment were assessed by an expert rheumatologist. Patients were defined as in
remission and therefore classified as responders if they showed no signs or
symptoms of active GCA, and, when appropriate, imaging showed no signs of
disease activity. Patients were defined as non-responders if, after 6 months of
therapy, they presented with signs or symptoms of active GCA and/or, when
appropriate, imaging indicated signs of disease activity.
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Clinical, laboratory, and demographic data were obtained from medical records at
diagnosis, at the start of tocilizumab therapy (T0), and after 6 months of treatment
with TCZ (T6). Additionally, a study of T-cells immunophenotype was conducted
at both TO and T6.

Immunophenotypic characterization was performed on Peripheral Blood
Mononuclear Cells (PBMCs), extracted from peripheral blood using a standard
protocol. Lymphocyte surface markers were evaluated by flow cytometry (FACS
Canto II BD cytometer), using fluorochrome-conjugated monoclonal antibodies
(Beckman Dickinson FITC-CD3, PE-CD25, PerCPCY5.5-CCR10, PE-Cy7-
CXCR3, ALEXA 647-CD127, APC-H7-CD4, BV421-CCR4, BV480-CCR6) to
identify lymphocyte subpopulations. FlowJo v.10 was used for the analysis. Cells
were defined as follows:

- Th17: CD3+CD4+CCR4+CXCR3-CCR6+CCR10-

- Treg: CD3+CD4+CD25highCD127low

Data were presented as median (1st-3rd interquartile) or percentage composition
for continuous and categorical variables, respectively. Fisher’s exact test was
employed to compare qualitative variables, while Mann-Whitney U test was used
to compare continuous variables between groups. Variations from baseline to
different timepoints were assessed using Wilcoxon’s signed rank test for paired
samples. Statistical analysis was performed with GraphPad statistical software
package (GraphPad Software, Inc, CA, USA). A two-tailed P-value less than alpha

reference of 0.05 was considered statistically significant.

1.8.3 RESULTS

1.8.3.1 DEMOGRAPHIC AND CLINICAL FEATURES

Eight patients were enrolled in the study: 5 patients were females (63%) and 3 were
males (37%) with a median age at diagnosis of 75 (72-79) years (Table 14). GCA
clinical phenotype was C-GCA (50%) in 4 patients, LV-GCA in 1 (13%), and C-
LV-GCA in 3 (37%). Median time between diagnosis and TCZ start (T0) was 12
(7-21) weeks. In 4 patients TCZ was introduced within 3 months after diagnosis for

persistent active disease and/or contraindications to prolonged high dose GCs; in 4
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patients TCZ was introduced at least 3 months after diagnosis for GCA relapses
(time between diagnosis and TO 22 (18-25) weeks).

After 6 months of treatment with TCZ (T6), 6 patients were classified as responder
while 2 was considered non-responder for persistence of signs or symptoms of
active GCA. Comparing the two groups of patients, no significant differences
emerged in terms of age, sex, or clinical manifestations of the disease at onset.

At TCZ start (T0), all patients were on treatment with GCs, with a median dose of
31 (23-45) mg/day. This dosage was progressively reduced in all patients and after
6 months of treatment with TCZ (T6), the median dose was 10 (8-11) mg/day.

Clinical data GCA (n: 8) Responder (n: 6) NO responder (n: 2) p
Sex (F/M) 5 (63%) /3 (37%) 3(50%) / 3 (50%) 2 (100%) /0 (0%) 0,4643
Age at diagnosis (years) 75 (72-79) 73 (72-75) 82 (79-85) 0,2405
C-GCA 4 (50%) 2 (33%) 2 (100%) 0,4286
LV-GCA 1(13%) 1(17%) 0(0%) 0,5371
L[C-C-GCA 3 (37%) 3 (50%) 0(0%) 0,4643
Headache 6 (75%) 4 (67%) 2 (100%) 0,3458
Scalp tenderness 6 (75%) 4 (67%) 2 (100%) 0,3458
Jaw claudication 4 (50%) 2 (33%) 1(50%) 0,6733
Ocular involvement 4 (50%) 3 (50%) 1 (50%) 0,9999
Fever 2 (25%) 2(33%) 0(0%) 0,3458
Weight loss 5 (63%) 4 (67%) 1 (50%) 0,6733
Fatigue 6 (75%) 5 (83%) 1 (50%) 0,3458
PMR 7 (87%) 6 (100%) 1(50%) 0,0641
Time before TCZ (w) 12 (7-21) 12 (5-21) 14 (11-17) 0,8668
GCs dose at TO (mg/day) 31(23-45) 28 (20-41) 41 (36-45) 0,3990
CRP at TO (mg/mL) 4(0-5) 4(0-4) 7 (4-11) 0,8407

Table 14. Demographic characteristics and disease manifestations at diagnosis. GCs: glucocorticoids, CRP: C-reactive

protein. Data expressed as n (%) or median (IQR)

1.8.3.2 PHENOTYPIC ANALYSIS OF T-CELLS

T lymphocyte subpopulations analysis is shown in Graphic 6 and Tables 15 and 16.
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The following parameters were evaluated: absolute number of total lymphocytes,

absolute number and percentage of CD3+CD4+, Th17 and Tregs.
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Graph 6. T lymphocyte subpopulations at TCZ start (TO) and after 6 months (T6) Data expressed as median.

A longitudinal comparison of paired data between TO and T6 was performed (Table
14, Graph 6). After the initiation of TCZ therapy, a reduction was observed in both
the absolute number and percentage of Thl7 and Tregs, although without
statistically significant differences. Specifically, Th17 cells decreased from 24.3%
(17.7 - 28.8) to 18.7% (6.3 - 28.6) and from 50.8 (31.3 - 116.9) cells/uL to 42.4

(19.9 - 111) cells/uLL (p: 0.2969 and p: 0.5781, respectively). Tregs, on the other
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hand, decreased from 4.6% (2.3 - 5.7) to 3.1% (1.8 - 5.5) and from 55.3 (26.3 -
101.6) cells/uL to 44.1 (22 - 69.7) cells/uLL (p: 0.7422 and p: 0.9453, respectively).

T Lymphocytes subpopulations TO (n: 8) T6 (n: 8) p
Lymphocytes tot (cell/uL) 2871,0(2428,8 - 3353,0) 2654,0 (2288,5 - 3315,5) 0,7422
CD3+CD4+ (% Lymphocytes) 47,7 (34,4 - 56,6) 46,4 (38,1-50,2) 0,6406
CD3+CD4+ (cell/uL) 1526,9 (865,6 - 1719,5) 1247,5 (983,8 - 1572,3) 0,8438
Th17 (% CD3+CD4+) 24,3 (17,7 - 28,8) 18,7 (6,3 - 28,6) 0,2969
Th17 (cell/uL) 50,8 (31,3 - 116,9) 42,4(19,9 - 111) 0,5781
Treg (% CD3+CD4+) 4,6(2,3-5,7) 3,1(1,8-5,5) 0,7422
Treg (cell/uL) 55,3 (26,3 - 101,6) 44,1 (22-69,7) 0,9453

Table 15. T lymphocyte subpopulations at TCZ start (TO) and after 6 months (T6). Data expressed as median (IQR)

In the second part of the study, a comparison was made between patients classified

as responders and those classified as non-responders (Table 16). The comparison

between the two groups did not show significant differences at TO or T6. However,

it was found that in the responder group, the percentage of Th17 cells decreased

after the start of therapy and disease remission (from 26.4% [15.4 - 30.7] to 15.7%

[2.1 - 36.6]), whereas this did not occur in non-responder patients (from 21.6%

[20.5 - 22.6] to 19.4% [16.9 - 21.9]).

T Lymphocytes Responder TO No-responder TO Responder T6 No-responder T6
subpopulations (n: 6) (n:2) P (n: 6) (n:2) P
Lymphocytes tot 2871,0 2874,0 0.9999 2810,0 2654,0 0.9999
(cell/uL) (2537,8 - 3242,5) (2630,0 - 3118,0) ’ (2225,5-3346,5)  (2624,5 - 2683,5) ’
CD3+CD4+ 47,7 44,1 46,4 45,8
(% Lymphocytes) (37,1-55,0) (37,2-51) 08571 (35,8-49,4) (42,8 -48,8) 08571
CD3+CD4+ 1526,9 1334,8 1316,7 1212
(cell/ul) (1030,5 - 1677,3) (1028,9 - 1640,7) 0,9999 (809,7 - 1751,7) (1145,9 - 1278,1) 0,8571
Th17 26,4 21,6 15,7 19,4
(% CD3+CD4+) (15,4-30,7) (20,5 - 22,6) 0,6429 (2,1-36,6) (16,9-21,9) 0,8668
Th17 50,8 66,4 0.8571 62,6 41,8 0.8668
(cell/uL) (33,2-133,3) (47,7 - 85,1) ’ (6,9-137,9) (34,2 - 49,4) ’
Treg 46 40 0,9999 31 33 0,9999
(% CD3+CD4+) (2,2-6,0) (3,3-4,8) ’ (1,6-7,3) (2,7-3,8) !
Treg 55,3 62,6 0.9999 441 41,1 0.9999
(cell/uL) (32,3-91,9) (40,5 - 84,6) ’ (24,2 - 88,2) (31,8-50,3) .

Table 16. T lymphocyte subpopulations at TCZ start (TO) and after 6 months (T6) in responder and no-responder patients.

Data expressed as median (IQR)
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1.8.4 DISCUSSION

A dysregulation between proinflammatory CD4+ T cell subsets, such as Th17 cells,
and regulatory T cells (Tregs) is believed to contribute to the development of GCA.
Both Th17 cells and Tregs originate from the same naive CD4+ T cell precursor,
with transforming growth factor-B (TGF-B) playing a key role in their
differentiation. When proinflammatory signals, like IL-6 or IL-21, are present,
TGF-B-stimulated CD4+ T cells are directed to differentiate into Th17 cells [127].
In contrast, in a non-inflammatory setting, these TGF-B-stimulated precursors
differentiate into Tregs. Th17 cells, known for their proinflammatory role, are
found within inflammatory infiltrates of the arteries and are elevated in the
peripheral blood of patients with active, untreated GCA [123]. Tregs, which
normally function to sustain immune tolerance and prevent autoimmunity, are
reduced in both the blood and arterial tissue of individuals with GCA. Additionally,
in comparison to healthy controls, Tregs in GCA patients show impaired function,
marked by reduced proliferation and increased IL-17 production, suggesting they
may be defective and potentially contribute to disease pathology [126,127].
Furthermore, under specific circumstances, fully differentiated Tregs may lose their
suppressive function and become IL-17-producing cells (pathogenic pro-
inflammatory Treg) [128,129].

There is a pressing need for reliable biomarkers in GCA, as they are currently
lacking. Peripheral blood flow cytometry presents a practical option, being
relatively easy to perform and accessible in clinical settings. Furthermore,
identifying biomarkers that are not overly complex is beneficial, as markers like
Tregs are already assessed in the context of other disease diagnostics, such as
immunodeficiency, with adult reference ranges increasingly becoming available.
In light of the need for accessible biomarkers in GCA, we conducted a phenotypic
analysis of T lymphocyte subpopulations, focusing specifically on Th17 and Treg
cells, given their potential involvement in GCA pathogenesis.

The first finding that emerged from our study was lymphocytosis, observed at
baseline and further increased at T6. This lymphocytosis may be attributable to the

inflammatory nature of GCA, as inflammatory diseases are often associated with
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elevated lymphocyte counts. Additionally, both steroid therapy and TCZ treatment
could contribute to an increase in circulating lymphocytes.

Regarding the Th17 subpopulation, we observed a decrease between TO and T6.
This result aligns with expectations, as Th17 cells are proinflammatory, and a
reduction was anticipated following therapy when patients transitioned from an
active disease state (with ongoing inflammation) to an inactive state (without
inflammation). This hypothesis is further supported by the observation that the
reduction in Th17 cells was more pronounced in patients classified as responders,
meaning those who achieved complete clinical remission of GCA symptoms and
normalization of imaging findings. In these patients, who were in clinical remission,
a parallel immunological remission, or at least a less inflammatory profile, was
observed. In contrast, non-responders did not exhibit a similar reduction in Th17
cells, possibly highlighting a correlation between the persistence of active disease
and proinflammatory alterations at the immunological level.

In our cohort, we did not observe significant changes in the Treg population, aside
from a slight trend toward reduction. Interpretation of this finding is challenging,
as this study assessed only the total number of Tregs without distinguishing specific
subpopulations, some of which may exhibit a proinflammatory phenotype. This
limitation highlights the need for a more comprehensive analysis that examines
Treg subpopulations rather than considering total Tregs alone.

Additional limitations of our study include the small sample size and the lack of
functional assays, which would have provided a deeper understanding of T cell

functionality and immune response in GCA.

1.8.5 CONCLUSION

There is an urgent demand for reliable biomarkers in GCA, as these are currently
absent. Peripheral blood flow cytometry offers a feasible solution, being relatively
straightforward and readily available in clinical environments. With the aim of
identifying new biomarkers in GCA, we performed a phenotypic analysis of T
lymphocyte subpopulations, with a particular focus on Th17 and Treg cells due to
their potential role in the disease's pathogenesis. One of the key findings from our

study was the presence of lymphocytosis, noted at baseline and further increasing
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by T6. This lymphocytosis may reflect the inflammatory characteristics of GCA,
with both steroid therapy and TCZ treatment potentially contributing to the rise in
circulating lymphocytes. Concerning the Th17 subpopulation, we documented a
decline between T0O and T6, which is consistent with expectations since Th17 cells
are proinflammatory. This reduction aligns with the shift from an active disease
state, characterized by ongoing inflammation, at baseline to an inactive state post-
therapy at T6. Notably, the decrease in Th17 cells was more pronounced in patients
identified as responders.

While we did not observe significant changes in the Treg population, there was a
slight trend toward reduction, although specific subpopulations were not
distinguished.

This study highlights that lymphocyte subpopulations could serve as indicators of
disease activity and as potential predictors of drug response. However, these

findings are still preliminary and will necessitate further investigation in the future.
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SECTION 2:

COMPLEMENTARY RESEARCH ACTIVITIES ON SYSTEMIC
VASCULITIDES
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2.1 BACKGROUND

Systemic vasculitides represent a group of disorders characterized by inflammation
of blood vessels, affecting various organs and tissues. These diseases are classified
based on the size and type of blood vessels affected and the underlying
immunologic mechanisms. The primary classification approach divides
vasculitides into three main categories: large-vessel vasculitides, medium-vessel
vasculitides, and small-vessel vasculitides. Large-vessel vasculitides include GCA
and Takayasu Arteritis (TA), which primarily involve the aorta and its major
branches. Medium-vessel vasculitides, such as Polyarteritis Nodosa (PAN) and
Kawasaki Disease, predominantly affect medium-sized arteries, leading to organ
ischemia and inflammation. Small-vessel vasculitides primarily involve small
arteries, arterioles, capillaries, and venules and are often associated with specific
autoantibodies, like antineutrophil cytoplasmic antibodies (ANCA).
ANCA-associated vasculitides (AAV) form a subgroup within small-vessel
vasculitides and include Granulomatosis with Polyangiitis (GPA), Microscopic
Polyangiitis (MPA), and Eosinophilic Granulomatosis with Polyangiitis (EGPA).
These diseases are characterized by the presence of ANCAs, in almost 80% of
patients. The two primary types of ANCAs detected are myeloperoxidase (MPO)-
ANCA and proteinase 3 (PR3)-ANCA. GPA is most often associated with PR3-
ANCA, while MPA is typically associated with MPO-ANCA. EGPA is less
strongly associated with ANCAs, as only about 40% of patients present with MPO-
ANCA, making its pathogenesis unique among the AAVs. Each of these diseases
demonstrates distinct clinical manifestations, but they share a tendency to cause
rapidly progressive damage, particularly to the kidneys and lungs.

Specifically, EGPA, also known as Churg-Strauss Syndrome, is a rare, multisystem
disorder characterized by asthma, eosinophilia, and necrotizing vasculitis affecting
small to medium-sized vessels. EGPA is often classified within AAV due to its
overlap in clinical and immunologic features with other ANCA-associated
vasculitides. However, EGPA differs in its hallmark eosinophilic infiltration and
asthma, which are not typically seen in GPA or MPA. EGPA frequently presents in

three phases: a prodromal phase marked by allergic rhinitis and asthma, an
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eosinophilic phase with tissue infiltration by eosinophils, and a vasculitic phase
characterized by systemic small-vessel inflammation. This eosinophil-driven
inflammation links EGPA with hypereosinophilic syndromes (HES), a group of
disorders characterized by prolonged eosinophilia and organ damage due to
eosinophil infiltration.

HES encompass a spectrum of eosinophil-related conditions, including both
idiopathic HES and primary eosinophilic disorders associated with genetic
mutations or hematological proliferative diseases. These disorders often affect
multiple organs, particularly the heart, lungs, and gastrointestinal tract. While both
EGPA and HES involve eosinophilia, EGPA is distinguished by its vasculitic
component and association with asthma and often MPO-ANCAs. The overlap
between EGPA and other hypereosinophilic syndromes continues to be an area of
active research, as understanding these distinctions may lead to improved
diagnostics and targeted therapeutic approaches. Recognizing the unique features
of each AAV subtype, particularly EGPA and its relation to hypereosinophilic
conditions, is essential for developing tailored treatment strategies and improving
patient outcomes. Given that EGPA and HES share the common feature of
hypereosinophilia, they also partially overlap in their therapeutic approaches.
Treatments for both conditions typically aim to reduce eosinophil levels to prevent
organ damage and improve clinical outcomes. Among the key therapies is
mepolizumab, a monoclonal antibody targeting interleukin-5 (IL-5), a cytokine
crucial for eosinophil growth, differentiation, and survival. By blocking IL-5,
mepolizumab effectively reduces eosinophil counts and is approved for use in both
EGPA and specific forms of HES. In EGPA, mepolizumab has been shown to aid
in achieving disease remission and reducing the need for systemic corticosteroids,
which are traditionally used but associated with significant long-term side effects.
For HES, mepolizumab likewise helps manage eosinophil-driven symptoms,
particularly in patients with severe or refractory disease. This shared therapeutic
strategy underscores the overlapping pathophysiology of EGPA and HES and
highlights the potential of biologic agents like mepolizumab to improve treatment

outcomes across eosinophilic disorders.
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Section 2 of the thesis includes studies and research projects focused on systemic
vasculitides distinct from GCA. In particular, it presents single-center and
multicenter collaborative studies on EGPA with eosinophilic- related disorders, and

ANCA -associated vasculitides (AAV).
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2.2 STUDIES ON EOSINOPHILIC GRANULOMATOSIS
WITH POLYANGIITIS AND EOSINOPHILIC-RELATED
DISEASES

In the following chapters, single-center and multicenter collaborative studies on
EGPA and eosinophilic-related disorders will be presented. The studies included

are as follows:

- Glucocorticoid-sparing effect of Mepolizumab: real life experience in a
monocentric cohort of patients affected by Eosinophilic Granulomatosis with

Polyangiitis

- Mepolizumab efficacy in Eosinophilic gastroenteritis

- Impact of Mepolizumab on patient-reported outcomes in Eosinophilic
Granulomatosis with Polyangiitis by using the ANCA-associated vasculitis patient-
reported outcomes (AAV-pro) questionnaire: a European multicentre prospective

study

- Mepolizumab for Eosinophilic Granulomatosis with Polyangiitis: a European

multicenter observational study.

- Clinical picture, outcomes, and predictors of relapse in eosinophilia-associated

coronary vasospasm: Data from a European multicentric study.

- Ophthalmic vascular manifestations in eosinophil-associated diseases: a
comprehensive analysis of 57 patients from the CEREO and EESG networks and a

literature review.
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Glucocorticoid-sparing effect of Mepolizumab: real life experience in a monocentric cohort of patients
affected by Eosinophilic Granulomatosis with Polyangiitis

Francesca Regola, Stefania Bertocchi, Marco Taglietti, Franco Franceschini, Paola Toniati.
Rheumatology and Clinical Immunology Unit, Spedali Civili and University of Brescia, Brescia, Italy.

Background/ Objectives: Oral glucocorticoids (GC) are the mainstay of treatment for eosinophilic granulomatosis with
polyangiitis (EGPA) but chronic exposure to GC is associated with serious comorbidities. Mepolizumab (MEPO) demonstrated to
be an efficacious treatment for EGPA in the randomized controlled MIRRA trial [1]. ACR guidelines suggest treating non-severe
EGPA with MEPO associated with GC as first choice and adding MEPO in non-severe relapses occurred while receiving other
immunosuppressants. There are insufficient data to support dosages and duration of GC treatment during MEPO treatment,
although guidelines suggest prescribing the minimum effective dose to minimize GC toxicity [2].

The aim of the study was to evaluate the GC-sparing effect of MEPO in a monocentric cohort of patients affected by EGPA.

Methods: We enrolled 26 patients affected by EGPA according to MIRRA criteria and/or ACR criteria [1][3]. We compared
cumulative GC dosage prescribed in the 6 months before beginning treatment with MEPO to the cumulative dosage prescribed
in the 6 months after starting MEPO. We also analyse MEPO efficacy comparing median number of asthma attacks, BVAS and
VDI.

Results: Twenty-six patients (M/F 16/10) affected by EGPA were diagnosed at a median age of 57 years (IQR 47-65) and
started therapy with MEPO after a median disease duration of 6 (1.5-10) years. Overall clinical features of patients at diagnosis
(Td), at MEPO starting (T0) and after 6 months of MEPO (T6) are described in table 1a. At MEPO starting (T0), 24/26 (92.3%)
were treated with GC and 13/26 (50%) were on treatment with other immunosuppressants (1 cyclosporine, 2 methotrexate, 3
mycophenolate, 7 azathioprine). The cumulative GC dosage administered to patients in the six months after MEPO starting was
significant lower if compared with dosage in the prior six months. After MEPO starting, there was also a significant reduction of
asthmatic symptoms and BVAS score, with no increasing in VDI score (table 1b and 1c).

Conclusions: In our cohort MEPO had a significant GC-sparing effect and significantly reduced asthma manifestations and
disease activity.

References:

1. Wechsler et al, N Engl J Med. 2017 May 18;376(20):1921-1932.
2. Chung et al, Arthritis Rheumatol. 2021 Aug;73(8):1366-1383.
3. Masi et al, Arthritis Rheum. 1990 Aug;33(8):1094-100.

Disclosures: None.

1a. Clinical features

Td T0 T6
Constitutionalsymptoms 12 (46%) 1(4%) 1(4%)
Cutaneous 9 (35%) 1 (4%) 0 (0%)
Ear, nose, throat 22 (85%) 9 (35%) 5(19%)
Pulmonary 25 (96%) 18 (69%) 1(4%)
Cardiovascular 6 (23%) 1(4%) 0 (0%)
Gastrointestinal 4 (15%) 1(4%) 0 (0%)
Neurological 14 (54%) 6 (23%) 2 (8%)
Renal 0 (0%) 0 (0%) 0 (0%)

1b. Disease activity before MEPO starting (T0) and after 6 months (T6)

T0 T6 p
BVAS 2(0-2) 0(0-0) 0.0005*
VDI 2(1.3-3) 2(1.3-3) 0.5716

1c. Comparison of asthma activity and GC therapy between the 6 months before and the 6 months after MEPO starting (T0)

In the 6 months before TO In the 6 months after TO 4]
GC cumulative dose (mg) 1376 (821-2045) 964 (521-1561) 0.0005*
GC daily dose (mg/day) 8 (5-11) 5(3-9) 0.0007*
Patients with active asthma 18 (69%) 1(4%) 0.0211*

Data express as median (IQR) or n (%). * p value < 0.05
BVAS: Birmingham vasculitis activity index, VDI: Vasculitis damage index.
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Mepolizumab efficacy in Eosinophilic gastroenteritis

Francesca Regola, Stefania Bertocchi, Franco Franceschini, Paola Toniati.
Rheumatology and Clinical Immunology Unit, Spedali Civili and University of Brescia, Brescia, Italy.

Background/ Objectives: Eosinophilic gastroenteritis (EGE) is defined as an immune-mediated inflammatory disorder
characterized by an eosinophilic infiltrate in one or more organs of the gastrointestinal (Gl) tract, as stomach, small intestine,
and colon. EGE is usually idiopathic, but it can be also a manifestation of a systemic eosinophilic disease, such as Eosinophilic
granulomatosis with polyangiitis (EGPA) and Hypereosinophilic syndrome (HES).

Mepolizumab (MEPO), a monoclonal antibody targeting interleukin-5 (IL-5), a key haematopoietin needed for eosinophil
development and function, has been recently approved both for EGPA and HES [1]. To date there are no specific data on MEPO
efficacy in EGE manifestation in patients with these diseases.

The aim of the study was to analyse MEPO efficacy in a cohort of HES and EGPA patients with Gl involvement.

Methods: Five patients with EGE associated with EGPA (define according 2022 ACR/EULAR criteria [1]) or HES and treated
with MEPO for active Gl disease were enrolled in the study. Data were collected from clinical charts at diagnosis, at MEPO starting
and after 12 months of treatment. MEPO efficacy, safety and steroid-sparing effect were analysed.

Results: Two patients had a diagnosis of EGPA, and three had a diagnosis of HES (table 1). Both patients with EGPA
presented at diagnosis asthma, nasal polyps and eosinophilia; one had also pericarditis and purpura; the other one had multiple
neuritis. In the group of patients with HES, two patients presented also pulmonary infiltrates. All three HES patients at diagnosis
presented severe eosinophilia but myeloproliferative clonal variants of HES were excluded. All 5 patients presented Gl involvement,
confirmed by biopsy and histological examination. The most frequently involved organs were stomach, duodenum and colon and
the most reported symptoms were abdominal pain, weight loss, nausea, bloody and/or mucous diarrhea.

All 5 patients presented active Gl disease and were on treatment with systemic glucocorticoids when started treatment with
MEPO 300 mg monthly. After MEPO starting all patients showed a clinical improvement, with reduction of symptoms until complete
resolution. At the same time, in all patients glucocorticoids dose was reduced from a median dose of 12,5 (5-37,5) mg/day to 3
(0-3) mg/day (p: 0.015). No significant side effects were reported in the follow-up.

Conclusions: In this cohort MEPO demonstrated its efficacy in treating Gl manifestations in patients with EGPA and HES,
showing also a significant GC-sparing effect and a good safety profile.

References:

1. Wechsler et al, N Engl J Med. 2017 May 18;376(20):1921-1932.
2. Grayson PC, et al. Ann Rheum Dis. 2022 Mar;81(3):309-314.
Disclosures: None.

EOS at Other organ Time between Active disease
Nr Sex/ Age Diagnosis diagnosis Gl involvements at diagnosis and manifestation at
patient at diagnosis (cell/mmc) involvement diagnosis MEPO starting MEPO starting
Asthma, nasal polyps, Asthma, nasal
1 M/ 68 EGPA 1120 Colon pericarditis, purpura 3 polyps, colon
Stomach,
’ Asthma, nasal polyps, Asthma, nasal
2 M/36 EGPA 4560 duodenum, multiple neuritis 10 polyps, colon
colon
3 F/64 HES 3200 St:;?:gh’ Pulmonary infiltrates 2 Stomach, colon
Stomach, Stomach,
4 F/62 HES 8150 duodenum nd 1 duodenum
Stomach, . Stomach,
5 M/ 68 HES 8500 duodenum Pulmonary infiltrates 1 duodenum
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Date: Sunday, November 17, 2024 Session Type: Poster Session B
Title: Vasculitis - ANCA-Associated Poster Il Session Time: 10:30AM-12:30PM

Background/Purpose: Mepolizumab (MEPO) proved its efficacy in the treatment of eosinophilic
granulomatosis with polyangiitis (EGPA) in the randomized controlled MIRRA trial. The ANCA-
associated vasculitis patient-reported outcomes (AAV-PRO) questionnaire is a novel, disease-specific
tool, validated with the aim of assessing the impact of the disease and its treatment on the patients’
perspectives. The aim of our study is to prospectively evaluate the impact and the rapidity of the
effect of MEPO on the AAV-PRO score and patient global assessment (PtGA) in a multicentre cohort of
patients with EGPA.

Methods: Patients with EGPA satisfying the 2022 ACR/EULAR and/or MIRRA trial classification criteria
and initiating treatment with MEPO were included. PtGA and AAV-PRO score were prospectively
evaluated at MEPO initiation and after 7, 14, 30, 90 and 180 days of treatment. Predictors of
improved AAV-PRO response during treatment with MEPO were also investigated.

Results: Seventy patients were included in the study: female 54.3%, mean age at diagnosis 48.7+12.6
years, 20% ANCA-positive. Sixty-three patients (90%) had a history of relapsing disease. Forty-seven
(67.1%) and 23 (32.9%) patients received MEPO 100 mg and 300 mg/4 weeks, respectively, with the
main indication being refractory asthma and/or rhinosinusitis. Prednisone (PDN)-equivalent mean
dose was 10.8+9.2 mg/day. At MEPO initiation, mean PtGA, AAV-PRO organ-specific symptoms,
systemic symptoms, treatment side effects, social and emotional impact, concerns about the future
and physical function domain 0-100 score were 59.1+21.2, 30.9+17.8, 25.5+18.6, 18.8+18.1,
32.6+21.9, 37.7+22.1 and 28.2+21.2, respectively. After 7 days, a statistically significant reduction of
PtGA [ratio 0.87 (95% Cl 0.87—0.95); Table 1] was observed. At 14 days, all AAV-PRO domains, except
treatment side effects, showed a statistically significant improvement compared to baseline.
Conversely, no relevant amelioration of the AAV-PRO domains was demonstrated between 30 and
180 days of follow-up (Figure 1). Previous history of vasculitic relapse, BVAS >3, C-reactive protein =5
mg/L and PDN-equivalent dose =10 mg/day at MEPO initiation were the main predictors of a better
response of the AAV-PRO questionnaire during follow-up. MEPO 100 mg/4 weeks and female sex
positively influenced organ-specific symptoms compared to MEPO 300 mg/4 weeks, although with a
less significant improvement of the treatment side effects domain. Conversely, age, educational level
and ANCA status at baseline had no impact on the AAV-PRO domains.

Conclusion: MEPO allows a quick and remarkable improvement of several aspects of health-related
quality of life in patients with refractory EGPA.
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CAF
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PTGA

FOLLOW-UP
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Ratio

Bonferroni
(95% Cl)

Ratio

Bonferroni
(95% CI1)
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Bonferroni
(95% CI1)

Ratio

Bonferroni
(95% Cl)

Ratio

Bonferroni
(95% Cl)

Ratio

Bonferroni
(95% Cl)

Ratio

Bonferroni
(95% Cl1)

7Vs0

0.87

0.74—1.03

0.88

0.76—1.02

0.93

0.75—1.15

0.91

0.82—1.01

0.95

0.88—1.03

0.88

0.73—1.05

0.87

0.79—0.95

14Vs0

0.79

0.67—0.94

0.84

0.72—0.98

0.89

0.71—1.10

0.83

0.75—0.92

0.90

0.83—0.97

0.79

0.66—0.95

0.83

0.76—0.91

30VS0

0.64

0.54—0.75

0.73

0.63—0.85

0.77

0.62—0.95

0.74

0.66—0.82

0.83

0.77—0.90

0.67

0.56—0.80

0.70

0.64—0.77

90VS0

0.55

0.47—0.65

0.73

0.63—0.85

0.71

0.57—0.88

0.71

0.63—0.78

0.77

0.71—0.84

0.62

0.52—0.75

0.61

0.56—0.67

180Vs0

0.53

0.45—0.63

0.76

0.66—0.89

0.66

0.53—0.82

0.70

0.63—0.78

0.76

0.70—0.82

0.57

0.47—0.68

0.58

0.53—0.63

Table 1. Comparison, at different timepoints, of the AAV-PRO domains 0_100 score, after log-normalization and
adjustment for sex and age.
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Figure 1. Temporal trend of the AAV-PRO specific domains 0_100 score during 6-month treatment with
mepolizumab.
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Mepolizumab for Eosinophilic Granulomatosis With
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Objective. Mepolizumab proved to be an efficacious treatment for eosinophilic granulomatosis with polyangiitis
(EGPA) at a dose of 300 mg every 4 weeks in the randomized, controlled MIRRA trial. In a few recently reported studies,
successful real-life experiences with the approved dose for treating severe eosinophilic asthma (100 mg every 4 weeks)
were observed. We undertook this study to assess the effectiveness and safety of mepolizumab 100 mg every 4 weeks
and 300 mg every 4 weeks in a large European EGPA cohort.

Methods. We included all patients with EGPA treated with mepolizumab at the recruiting centers in 2015-2020.
Treatment response was evaluated from 3 months to 24 months after initiation of mepolizumab. Complete response
to treatment was defined as no disease activity (Birmingham Vasculitis Activity Score [BVAS] = 0) and a prednisolone
or prednisone dose (or equivalent) of <4 mg/day. Respiratory outcomes included asthma and ear, nose, and throat
(ENT) exacerbations.

Results. Two hundred three patients, of whom 191 received a stable dose of mepolizumab (158 received 100 mg
every 4 weeks and 33 received 300 mg every 4 weeks) were included. Twenty-five patients (12.3%) had a complete
response to treatment at 3 months. Complete response rates increased to 30.4% and 35.7% at 12 months and
24 months, respectively, and rates were comparable between mepolizumab 100 mg every 4 weeks and 300 mg every
4 weeks. Mepolizumab led to a significant reduction in BVAS score, prednisone dose, and eosinophil counts from
3 months to 24 months, with no significant differences observed between 100 mg every 4 weeks and 300 mg every
4 weeks. Eighty-two patients (40.4%) experienced asthma exacerbations (57 of 158 [36%] who received 100 mg every
4 weeks; 17 of 33 [52%] who received 300 mg every 4 weeks), and 31 patients (15.3%) experienced ENT exacerbations.
Forty-four patients (21.7%) experienced adverse events (AEs), most of which were nonserious AEs (38 of 44).

Conclusion. Mepolizumab at both 100 mg every 4 weeks and 300 mg every 4 weeks is effective for the treatment
of EGPA. The 2 doses should be compared in the setting of a controlled trial.

Presented in part at the 2020 European Alliance of Associations for Rheu-
matology e-Congress, June 2020.
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INTRODUCTION

Eosinophilic granulomatosis with polyangiitis (EGPA) is an
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
characterized by asthma, ear, nose, and throat (ENT) involve-
ment, blood and tissue eosinophilia, and systemic vasculitis
manifestations (1,2). Treatment mainly relies on systemic gluco-
corticoids and inhaled therapies for respiratory symptoms (3).
EGPA usually follows a chronic relapsing course; thus, patients
are at risk of permanent tissue or organ damage, which can also
be due to glucocorticoid-related toxicity. Therefore, immunosup-
pressive treatments are often required and are also used as
glucocorticoid-sparing agents (3,4).

Among novel therapeutic options, mepolizumab is a mono-
clonal antibody targeting interleukin-5 (IL-5), a cytokine involved
in eosinophil maturation, differentiation, and survival. Increased
serum levels of IL-5 are observed in eosinophilic disorders, includ-
ing EGPA (5), and a genome-wide association study identified the
IL5 region as one of the main EGPA-associated loci (6).

Mepolizumab is approved for the treatment of severe eosino-
philic asthma at 100 mg every 4 weeks subcutaneously (7) and
for the treatment of hypereosinophilic syndrome (HES) at
300 mg every 4 weeks (8). After encouraging results from previ-
ous studies (9,10), the phase Il MIRRA trial proved the efficacy
of mepolizumab 300 mg every 4 weeks subcutaneously for
relapsing or refractory EGPA (11,12), leading to its approval by
the US Food and Drug Administration (FDA), while in Europe it is
currently used off-label.

Recent smaller studies showed the successful use of mepo-
lizumab 100 mg every 4 weeks for the treatment of EGPA, espe-
cially for the control of respiratory manifestations (13-15).
However, the benefits and side effects of mepolizumab 100 mg
every 4 weeks versus 300 mg every 4 weeks for systemic and
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respiratory EGPA involvement have never been compared.
Therefore, its optimal dose is still debated (16). This study aimed
to investigate the effectiveness and safety of mepolizumab
100 mg versus 300 mg every 4 weeks in a large European cohort
of patients with EGPA.

PATIENTS AND METHODS

Study design and setting. This multicenter, retrospective
study was conducted on a cohort of patients with EGPA treated
with mepolizumab between May 2015 and February 2020 at
38 EGPA referral centers in 8 European countries (ltaly, France,
Germany, the UK, Russia, Spain, Switzerland, and Sweden; see
Appendix A for members of the European EGPA Study Group).
The study received approval from the University of Florence Ethics
Committee (reference no. 16821_0SS).

Study population and treatment. The cohort included
adult patients who met the American College of Rheumatology
classification criteria for EGPA (17) or the criteria proposed in the
MIRRA trial (11), who received mepolizumab 100 mg every
4 weeks or 300 mg every 4 weeks, in accordance with local prac-
tice. Patients with a follow-up of <3 months after the first mepoli-
zumab dose or those enrolled in clinical trials were excluded.

Data collection and outcome assessment. Demographic,
clinical, laboratory, and treatment-related data were retrospectively
collected from medical records at the time of mepolizumab initiation
(time 0) and at 3 months, 6 months, 12 months, and 24 months of
follow-up. The effectiveness of mepolizumab in controlling systemic
disease activity was assessed using the Birmingham Vasculitis
Activity Score (BVAS) (18). Complete response to treatment was
defined as no disease activity (BVAS = 0) and a prednisolone or
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prednisone dose (or equivalent) of <4.0 mg/day, as defined by the
MIRRA trial (11). Partial response to treatment was defined as no
disease activity and a prednisolone or prednisone dose of >4.0
mg/day.

Relapse was assessed only in patients in whom complete
response to treatment had been achieved and was defined, as
in the MIRRA trial, by at least 1 of the following criteria: 1) active
vasculitis (defined as BVAS >0) and/or 2) worsening asthma
and/or ENT manifestations leading to an increase in prednisolone
or prednisone dose to >4.0 mg/day, initiation of a new immuno-
suppressive therapy, or hospitalization (11).

With regard to respiratory outcomes, we assessed asthma
exacerbations, defined as any of the following events: asthma
attack needing an increase in oral prednisone dose, asthma-
related emergency department admission, and/or use of acute
oral glucocorticoids, antibiotics, or short-acting beta agonists. In
addition, the effect of mepolizumab on lung function was moni-
tored by the variation in pre-bronchodilator forced expiratory vol-
ume in 1 second (FEV4). ENT relapse was defined as the
reappearance of ENT symptoms, following symptoms having
been under complete control at the previous time point.

Additional outcomes assessed included changes in
organ manifestations (assessed separately from BVAS items),
glucocorticoid-sparing and disease-modifying antirheumatic drug
(DMARD)-sparing effect, variation in the proportion of ANCA-
positive patients, and reduction in eosinophil count.

During follow-up, variations in monthly mepolizumab dose or
treatment discontinuation were recorded. All adverse events
(AEs) occurring during treatment were also recorded, and their
seriousness was assessed in accordance with the World Health
Organization criteria (19). All study outcome measures were ana-
lyzed in the entire cohort and compared between patients receiv-
ing stable treatment with mepolizumab 100 mg every 4 weeks
and those treated with 300 mg every 4 weeks. Stable treatment
was defined as no change in the monthly mepolizumab dose dur-
ing the entire follow-up period.

Statistical analysis. Data are presented as the median
and interquartile range (IQR) for continuous variables, and as the
absolute number and percentage for qualitative variables. Contin-
uous end points at 3-24 months were compared with time
0 (baseline) using the Wilcoxon signed rank test, whereas qualita-
tive variables were compared using McNemar’s test. Nonpara-
metric tests were used since the distribution of the data was not
normal. Complete response and partial response rates and AE
rates were compared between patients receiving stable treatment
with mepolizumab 100 mg every 4 weeks and those receiving
300 mg every 4 weeks using Fisher’s exact test. Cox proportional
hazards regression models were fitted to derive Kaplan-Meier
curves and to estimate hazard ratios (HRs) and 95% confidence
intervals (95% Cls) for the occurrence of asthma and ENT exacer-
bations over time.

If a patient was still receiving mepolizumab treatment at a
given follow-up time point but had missing data regarding EGPA
manifestations, BVAS score, and/or daily glucocorticoid dose,
the data were imputed using the last observation carried forward
method, as these parameters were necessary to assess the pri-
mary outcome measure of this study. For all other clinical and lab-
oratory parameters, the analyses were conducted only on
subjects with available data at the given time point.

Statistical analyses were performed using Stata, version 14.
P values less than 0.05 were considered significant.

Data availability. Deidentified individual participant data
will be made available upon reasonable request to the corre-
sponding author.

RESULTS

We included 2083 patients, of whom 57.1% were women
(Table 1). The median age at the time of mepolizumab initiation
was 55.1 years (IQR 46.7-62.5), and the median disease duration
was 4.8 years (IQR 4.9-9.2). At the time of EGPA diagnosis,
70 patients (34.5%) were positive for ANCAs, most of whom
had either perinuclear ANCAs or myeloperoxidase ANCAs
(84.3%). Before mepolizumab treatment was initiated, 150 of
203 patients (73.9%) had received traditional DMARDs,
51 (25.1%) received biologic DMARDs, and 18 (9.0%) received
intravenous immunoglobulin. Disease remission, according to
clinical judgment, was achieved in 120 patients after induction
therapy. At the time of mepolizumab initiation (baseline), 92.1%
of the patients had active disease, with a median BVAS score of
4 (IQR 2-8). The most common manifestations were pulmonary
(89.7%), ENT (71.4%), constitutional (27.6%), and peripheral neu-
rologic (22.7%). Ten patients had cardiac involvement at baseline,
including 1 case of pericarditis, 1 case of myocarditis, and 8 cases
of cardiomyopathy with cardiac failure. Of 190 patients with avail-
able ANCA test results, 38 (20.0%) were ANCA positive at the
time mepolizumab was initiated, most of whom had perinuclear
ANCAs or myeloperoxidase-ANCAs (89.5%). At baseline, almost
all patients (95.6%) had received stable glucocorticoid treatment
in the previous 3 months, at a median prednisone dose of
10 mg/day (IQR 5-20). Additional therapies included conventional
DMARDs, mostly methotrexate (18.7%), azathioprine (11.3%),
rituximab (11.3%), or intravenous immunoglobulin (5.9%). One
hundred ninety-two patients (95%) were receiving inhaled therapy
for asthma.

One hundred sixty-eight patients initially received mepolizu-
mab at 100 mg every 4 weeks, and 35 at 300 mg every 4 weeks.
During follow-up, 10 patients switched from 100 mg to 300 mg
every 4 weeks due to inefficacy. Another 2 patients switched from
300 mg to 100 mg every 4 weeks due to personal reasons
(Supplementary Figure 1, available on the Arthritis & Rheumatol-
ogy website at http://onlinelibrary.wiley.com/doi/10.1002/art.
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Table 1. Characteristics of the patients with EGPA at the time of mepolizumab initiation*
Mepolizumab 100 Mepolizumab 300
Overall mg/4 weeks mg/4 weeks
(n=203) (n=158) (n=233) P
Female 116 (57.1) 88 (55.7) 22 (66.7) 0.333
Smoking status
Former 44 (21.7) 36 (22.8) 5(15.2) 0.640
Current 3(1.5) 3(1.9) 0
Age at diagnosis, median (IQR) years 491 (37.7-57.1) 48.7 (37.9-57.5) 49.2 (39.8-53.4) 0.380
Age at mepolizumab initiation, median (IQR) years ~ 55.1 (46.7-62.5) 55.1 (46.7-62.8) 53.0 (47.3-59.3) 0.426
Disease duration at mepolizumab initiation, 4.8(4.9-9.2) 49 (1.6-8.9) 39(1.1-14.1) 0.921
median (IQR) years
Active organ involvement
at mepolizumab initiation
Constitutional 56 (27.6) 50 (31.7) 3(9.1) 0.009
Purpura 15(7.4) 11 (7.0) 2 (6.1) 1.000
ENT 145 (71.4) 121 (76.6) 17 (51.5) 0.005
Pulmonary 182 (89.7) 141 (89.2) 29 (87.9) 0.765
Cardiac 10 (4.9) 8 (5.1) 1(3.0) 1.000
Gastrointestinal 9(4.4) 8(5.1) 1(3.0) 1.000
Renal 5(2.5) 5(3.2) 0 NA
Peripheral neurologic 46 (22.7) 36(22.8) 6(18.2) 0.650
Active disease at mepolizumab initiation (BVAS >0) 187 (92.1) 144.(91.1) 31(93.9) 0.792
BVAS score at mepolizumab initiation, median (IQR) 4 (2-8) 4 (2-8) 4.(2-7) 0.163
Laboratory parameters at mepolizumab initiationt
ANCA positive 38(20.0) 28(18.9) 9(27.3) 0.339
Perinuclear ANCA 34(17.9) 26 (17.6) 8(24.2)
Cytoplasmic ANCA 4(2.1) 2(1.4) 13.0)
MPO ANCA 34.(17.9) 27(18.2) 8(24.2)
PR3 ANCA 4(2.1) 2(1.4) 1(3.0)
Eosinophil count, median (IQR)* 610 (200-1,040) 700 (200-1,080) 440 (200-910) 0.328
Pharmacologic therapies administered before
mepolizumab initiation
Oral glucocorticoids 201 (99.0) 156 (98.7) 33 (100.0) NA
Azathioprine 91 (44.8) 69 (43.7) 17 (51.5) 0.446
Methotrexate 78 (38.4) 56 (35.4) 18 (54.6) 0.050
Cyclophosphamide 57 (28.1) 44 (27.9) 11 (33.3) 0.531
Mycophenolate 39(19.2) 29 (18.4) 6(18.2) 1.000
Cyclosporine 21(10.3) 18 (11.4) 13.0) 0.206
Rituximab 39(19.2) 36 (22.8) 3(9.1) 0.097
IV immunoglobulin 18(8.9) 17 (10.8) 1(3.0) 0.321
Omalizumab 17 (8.4) 13(8.2) 2 (6.1) 1.000
Other immunosuppressants 16 (7.9) 13(8.2) 1(3.0) 0.471
Pharmacologic therapies at mepolizumab
initiation
Prednisone equivalent daily dose in the previous 10 (5-20) 10 (IQR 5-20) 10 (IQR 5-22.5) 0.854
3 months, median (IQR)§
Oral glucocorticoids 194 (95.6) 149 (94.3) 33(100.0) NA
Prednisone equivalent daily dose, median (IQR) 10 (5-20) 10 (5-20) 10 (5-25) 0.511
Methotrexate 38(18.7) 29(18.4) 9(27.3) 0.240
Azathioprine 23(11.3) 19(12.0) 3(9.1) 0.772
Mycophenolate 18 (8.9) 12 (7.6) 4(12.1) 0.486
Cyclosporine 2(1.0) 1(0.6) 0 NA
Rituximab 23(11.3) 20(12.7) 3(9.1) 0.771
IV immunoglobulin 12 (5.9) 11 (7.0) 13.0) 0.695
Other immunosuppressants 5(2.5) 3(1.9) 1(3.0) 0.535
Inhaled therapy for asthma 192 (95.0) 150 (94.9) 30(90.9) 0.407

* Except where indicated otherwise, values are the number (%). EGPA = eosinophilic granulomatosis with polyangiitis; IQR = interquartile
range; ENT = ear, nose, and throat; NA = not applicable; BVAS = Birmingham Vasculitis Activity Score; ANCA = antineutrophil cytoplasmic anti-

body; MPO = myeloperoxidase; PR3 = proteinase 3; IV = intravenous.

t Data were available for 190 patients overall, 148 patients receiving mepolizumab 100 mg/4 weeks, and 33 patients receiving mepolizumab

300 mg/4 weeks.

t Data were available for 194 patients overall, 152 patients receiving mepolizumab 100 mg/4 weeks, and 32 patients receiving mepolizumab

300 mg/4 weeks.

§ Data were available for 195 patients overall, 151 patients receiving mepolizumab 100 mg/4 weeks, and 32 patients receiving mepolizumab

300 mg/4 weeks.
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41943). Conversely, in 158 patients (77.8%) and 33 patients
(16.3%), stable treatment with mepolizumab of 100 mg every
4 weeks and 300 mg every 4 weeks, respectively, was main-
tained over the entire follow-up period.

Baseline demographic and clinical characteristics were com-
parable between these 2 groups, with the exception of constitu-
tional and ENT manifestations, which were more frequent among
patients receiving mepolizumab 100 mg every 4 weeks than those
receiving 300 mg every 4 weeks (31.7% versus 9.1% [P = 0.009]
and 76.6% versus 51.5% [P = 0.005], respectively) (Table 1).

Effectiveness of mepolizumab on systemic disease
activity. At 3 months, complete response to treatment had
already been achieved in 25 of 203 patients (12.3%), whereas
partial response to treatment had been achieved in 64 patients
(31.5%) (Supplementary Table 1, available on the Arthritis & Rheu-
matology website at http://onlinelibrary.wiley.com/doi/10.1002/
art.41943). Complete response rates increased to 23.6% at

6 months, 30.4% at 12 months, and 35.7% at 24 months.
Response rates were similar between patients receiving mepoli-
zumab 100 mg every 4 weeks and those receiving 300 mg every
4 weeks (Figure 1). In particular, complete response to treatment
had been achieved in 12.0% and 18.2% of patients receiving
100 mg every 4 weeks and 300 mg every 4 weeks, respectively,
at 3 months, whereas partial response to treatment had been
achieved in 32.9% and 36.4% of patients receiving 100 mg every
4 weeks and 300 mg every 4 weeks, respectively, at 3 months
(P = 0.474). Complete response rates further increased during
follow-up for both treatment groups (P = 0.204 and P = 0.809
for mepolizumab 100 mg versus 300 mg every 4 weeks at
6 months and 12 months, respectively). At 24 months, only
39 patients receiving mepolizumab 100 mg every 4 weeks and
12 patients receiving 300 mg every 4 weeks had available
follow-up data. A greater proportion of patients receiving mepoli-
zumab 300 mg every 4 weeks had complete response to treat-
ment (58.3% versus 33.3%) or partial response to treatment

A Mepolizumab 100mg/4 weeks
100%
| fomod
80%
70% 52 (32.9%)
60% 44 (29.1%)
32 (26.2%)
50% 12 (30.8%)
40%
30% AL 72 (47.7%)
. o 0,
20% 152 (42.6%) 14 (35.9%)
10%
0%
3 months 6 months 12 months 24 months
ONoresponse [@Partial response @ Complete response
B Mepolizumab 300mg/4 weeks
100%
90%, -
80%
70%
0% 12 (36.4%)
50% 13 (40.6%) 7 (24.1%)
40%
30%
4(33.3%)
15 (45.5%)
20%
10 (31.3%) A (E57.259)
10%
1(8.3%
% (8.3%)
3 months 6 months 12 months 24 months

ONoresponse [@Partial response @ Complete response

Figure 1. Complete and partial response rates in patients with eosinophilic granulomatosis with polyangiitis who received stable treatment with
mepolizumalb 100 mg every 4 weeks (A) and 300 mg every 4 weeks (B). Complete response was defined as no disease activity (Birmingham Vas-
culitis Activity Score [BVAS] = 0) and daily prednisone dose <4 mg/day. Partial response was defined as no disease activity (BVAS = 0) and daily
prednisone dose >4 mg/day. No response was defined as active disease (BVAS >0).
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Figure 2. A and B, Variation in disease activity using the Birmingham Vasculitis Activity Score (BVAS) (A) and daily dose of prednisone equivalents
(B) among patients with eosinophilic granulomatosis with polyangiitis receiving mepolizumab 100 mg every 4 weeks and those receiving mepolizu-
mab 300 mg every 4 weeks. C and D, Respiratory outcomes in patients during mepolizumab treatment. Kaplan—Meier curves show the occurrence
of asthma exacerbations (C) and ear, nose, and throat (ENT) exacerbations (D). E and F, Variation in the forced expiratory volume in 1 second (FEV;)
(E) and eosinophil count (F). Values in A, B, E, and F are the median and interquartile range.* = P < 0.05; ** = P < 0.01, versus baseline.

(83.3% versus 30.8%), but these differences were not statistically
significant (P = 0.168). Notably, the small number of patients at
the different follow-up time points, particularly those receiving
mepolizumab 300 mg every 4 weeks, did not allow sufficient
power to detect significant differences in the proportion of com-
plete responses between the 2 doses at the different time points
(Supplementary Table 2, available on the Arthritis & Rheumatol-
ogy website at http://onlinelibrary.wiley.com/doi/10.1002/art.
41943).

Of 71 patients in whom complete response to treatment had
been achieved, 22 (31.0%) experienced a relapse after a median
time of 6 months (IQR 6-9). At all time points, relapse rates were
comparable between both treatment groups (P 1.000 at
6 months and 12 months; P = 0.642 at 24 months), the overall

relapse rates being 32.1% (17 of 53) and 25.0% (4 of 16) for
mepolizumab 100 versus 300 mg every 4 weeks, respectively.
The median time to relapse was 6 months (IQR 3-9) and
10 months (IQR 9-12) in the mepolizumab 100 mg every 4 weeks
group compared to the 300 mg every 4 weeks group, respec-
tively (P = 0.081). Response rates were higher among ANCA-
negative patients, especially at 24 months, but the differences
were not statistically significant (Supplementary Table 3, available
on the Arthritis & Rheumatology website at http://onlinelibrary.
wiley.com/doi/10.1002/art.41943).

The efficacy outcomes in the 10 patients who switched from
mepolizumab 100 mg every 4 weeks to 300 mg every 4 weeks
are summarized in Supplementary Figure 2 (http://onlinelibrary.
wiley.com/doi/10.1002/art.41943). Follow-up data suggested
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Table 3. AEs in the patients with EGPA during mepolizumab treatment*

0-3 months

4-6 months 7-12 months 13-24 months

At least 1 AE experienced, no. of patients/total
no. of patients (%)
Receiving stable treatment with mepolizumab
100 mg/4 weeks
Receiving stable treatment with mepolizumab
300 mg/4 weeks

P <0.001

No. of patients with AEs requiring hospitalization
Receiving stable treatment with mepolizumab
100 mg/4 weeks
Receiving stable treatment with mepolizumab
300 mg/4 weeks
AEs requiring treatment discontinuation
Receiving stable treatment with mepolizumab
100 mg/4 weeks
Receiving stable treatment with mepolizumab
300 mg/4 weeks
Type of AE and no. of cases
Infections and infestations
Lower respiratory tract infections
Upper respiratory tract infections
Other infections
Musculoskeletal and connective tissue disorders
Myalgia/arthralgia
Osteoporosis/fractures
Epicondylitis
Nervous system disorders
Dizziness
Headache
Transient color vision disorder
Skin and subcutaneous tissue disorders
Eczema/urticaria
Papillary edema
General disorders and administration site conditions
Malaise
Swelling at injection site
Endocrine disorders
Secondary adrenal insufficiency
Blood and lymphatic system disorders
Sialoadenitis
Cardiac disorders
Myocarditis
Hepatobiliary disorders
Acute hepatitis
Renal and urinary disorders
Renal colic
Respiratory, thoracic, and mediastinal disorders
Lung consolidation
Vascular disorders
TIA

21/203 (10.3)
10/158 (6.3)

9/33(27.3)

0
0

0

20/195 (10.3) 16/161(9.9) 9/56 (16.1)

13/151 (8.6) 6/122 (4.9) 3/39(7.7)

5/32(15.6) 10/29 (34.5) 6/12 (50.5)

0322 <0.001 0.003
2 2 2
1 2 1

1 0 1

3t 7t 2

2t 1 1

_ 1 _

_ 1 _

* AEs = adverse events; EGPA = eosinophilic granulomatosis with polyangiitis; TIA = transient ischemic attack.

t Hospitalization required in 1 patient.

no clear benefit in terms of EGPA control following the increase in
monthly mepolizumab dose.

The impact of mepolizumab on the different disease manifes-
tations is summarized in Table 2 and in Supplementary Table 4
(available on the Arthritis & Rheumatology website at
http://onlinelibrary.wiley.com/doi/10.1002/art.41943). A significant
reduction in all active manifestations was already observed at
3 months in patients receiving stable mepolizumab 100 mg every

4 weeks. Control of constitutional, pumonary, ENT, and peripheral
neurologic manifestations was maintained during follow-up. With
mepolizumab 300 mg every 4 weeks, a significant reduction in
the proportion of patients with puimonary and ENT manifestations
was observed at all time points, whereas no clear effect was
observed on nonrespiratory manifestations.

Systemic disease activity also decreased during follow-up for
both treatment groups, with the median BVAS score of the entire
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cohort decreasing from 4 (IQR 2-8) at baseline to 2 (IQR 0-4) at
3 months (P < 0.001). The median BVAS score decreased further
to 0 at the subsequent time points (P < 0.001 for both treatment
groups at 6 months, 12 months, and 24 months) (Figure 2A). Sim-
ilarly, both mepolizumab doses were associated with a significant
reduction in the daily glucocorticoid dose (Figure 2B), with a sig-
nificant proportion of patients able to discontinue glucocorticoid
use (29.2% and 41.7% at 24 months in the 100 mg mepolizumab
group and the 300 mg mepolizumab group, respectively)
(Supplementary Table 5, available on the Arthritis & Rheumatol-
ogy website at http://onlinelibrary.wiley.com/doi/10.1002/art.
41943). Concomitantly, a DMARD-sparing effect was observed
in both treatment groups, though statistical significance was
only achieved for mepolizumab 100 mg every 4 weeks
(Supplementary Table 5).

Effectiveness of mepolizumab on respiratory out-
comes. Respiratory outcomes are reported in Figures 2C—F and
in Supplementary Table 6 (http://onlinelibrary.wiley.com/doi/10.
1002/art.41943). Overall, 82 patients (40.4%) experienced
asthma exacerbations after a median time of 12 months (IQR
12-24). Asthma exacerbations occurred in 36.1% of patients
receiving stable mepolizumab 100 mg every 4 weeks and in
51.5% receiving mepolizumab 300 mg every 4 weeks
(P = 0.139) (Figure 2C). ENT relapses occurred after a median
time of 12 months (IQR 6-12) in 25 patients receiving mepolizu-
mab 100 mg every 4 weeks (15.8%), 4 receiving 300 mg every
4 weeks (12.2%), and 2 who switched mepolizumab dose (unad-
justed HR 0.67 [95% CIl 0.23-1.91] for mepolizumab 300 mg
every 4 weeks versus 100 mg every 4 weeks, P = 0.450)
(Figure 2D).

With regard to lung function, a significant improvement in
FEV, was already observed 3 months after the initiation of mepo-
lizumab 100 mg every 4 weeks (Figure 2E). FEV, also improved in
patients receiving mepolizumab 300 mg every 4 weeks, though
statistical significance was not reached.

Additional outcomes. Both mepolizumab regimens were
already associated with a dramatic reduction in eosinophil count
at 3 months. This was maintained during the entire follow-up
period (Figure 2F). Although ANCA testing was available for only
a small subgroup of patients during follow-up, a significant
reduction in the proportion of ANCA-positive patients was
observed among those receiving stable mepolizumab 100 mg
every 4 weeks and those receiving 300 mg every 4 weeks
(Supplementary Figure 3, available on the Arthritis & Rheumatol-
ogy website at http://onlinelibrary.wiley.com/doi/10.1002/art.
41943).

Treatment persistence and safety. Twenty-three
patients discontinued mepolizumab. Sixteen of these patients
were receiving mepolizumab 100 mg every 4 weeks; reasons for

discontinuation were AEs in 6 cases (malaise in 2 patients, arthral-
gia in 1, reactivation of herpes zoster in 1, and not reported in 2)
and inefficacy in 3 cases. In the remaining 7 patients, the reason
for treatment discontinuation was unknown. Seven patients dis-
continued mepolizumab 300 mg every 4 weeks due to inefficacy
(4 patients) and unknown reasons (3 patients).

Forty-four patients (21.7%) experienced AEs, mostly related
to lower respiratory tract infections or to myalgias or arthralgias.
At all time points, AEs were more frequent among patients receiv-
ing mepolizumab 300 mg every 4 weeks (Table 3). Overall,
6 AEs required hospitalization, of which 4 occurred in patients
receiving mepolizumab 100 mg every 4 weeks (lower respira-
tory tract infection, secondary adrenal insufficiency, transient
ischemic attack, and infection of the central venous catheter).
The other 2 AEs occurred in patients receiving mepolizumab
300 mg every 4 weeks (lower respiratory tract infection and
myocarditis).

DISCUSSION

In this study, conducted on the largest series of
mepolizumab-treated patients with EGPA reported so far to our
knowledge, we observed that mepolizumab at either 100 mg
every 4 weeks or 300 mg every 4 weeks is effective and safe in
controlling systemic and respiratory disease manifestations. The
use of mepolizumab in EGPA has solid evidence. Indeed, the ran-
domized controlled MIRRA trial proved the superiority of mepoli-
zumab 300 mg every 4 weeks compared to placebo for
relapsing and/or refractory EGPA (11,12), leading to the FDA
approval of mepolizumab 300 mg every 4 weeks.

Despite this, our data show that, in real practice, most
patients with  EGPA received mepolizumab 100 mg every
4 weeks, the dose approved for severe eosinophilic asthma,
rather than 300 mg every 4 weeks. This prescription was proba-
bly based on the rationale that mepolizumab 100 mg every
4 weeks effectively controls severe eosinophilic asthma, which is
an invariable feature of EGPA, and was also driven by regulatory
reasons, since mepolizumab 300 mg every 4 weeks is not cur-
rently approved in Europe.

In the MIRRA trial, the dose choice was based on the
phase llb/lll dose range—finding study of mepolizumab in
severe eosinophilic asthma (7), and in a trial of HES (20,21).
This choice was also supported by the concept that EGPA,
similarly to HES, is a more aggressive condition compared to
eosinophilic asthma (14). After the FDA approval of mepolizu-
mab 300 mg every 4 weeks for EGPA, a growing body of litera-
ture from real clinical practice suggested that mepolizumab
100 mg every 4 weeks might also be used for EGPA (13-
15,22). Notably, in all patients included in these studies, dis-
ease was in remission (13,15) or disease activity was low (14)
at treatment initiation, with mepolizumab being initiated mainly
for the control of asthma.
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Our results indicate that mepolizumab at both 100 mg every
4 weeks and 300 mg every 4 weeks was associated with
effective control of respiratory EGPA manifestations and an
improvement in systemic disease activity. Both also allowed
glucocorticoid-sparing.

Also, the proportion of ANCA-positive patients significantly
decreased unexpectedly; nevertheless, given the small number of
patients with ANCA (re)testing, this finding should be interpreted
with caution. Though the exact mechanisms of ANCA positivity-
to-negativity switch are unknown, this may be accounted for by
anti-IL-5-mediated eosinophil depletion. Eosinophils have been
shown to promote B cell survival, T-independent and T-dependent
B cell activation and proliferation, and immunoglobulin secretion
(23). B cells and their progeny produce and release ANCAs; thus,
eosinophil  depletion following mepolizumab treatment may
account for the reduction in antigen presentation and plasma cell
survival, with a consequent reduction in ANCA titers.

The proportion of complete responses steadily increased
throughout follow-up, reaching 31.2% and 37.9% at 12 months
and 33.3% and 58.3% at 24 months for mepolizumab 100 mg
every 4 weeks and 300 mg every 4 weeks, respectively, with only
a small proportion of patients experiencing disease relapse. How-
ever, response rates at 24 months must be interpreted with cau-
tion, as only 39 patients receiving mepolizumab 100 mg every
4 weeks and 12 patients receiving 300 mg every 4 weeks had
available follow-up data. Notably, complete response rates
observed with both doses were similar to that reported in the
MIRRA trial for mepolizumalb 300 mg every 4 weeks, where com-
plete response to treatment was achieved in 32% of patients at
both weeks 36 and 48 (11). The response rates in our study were
lower than those in the observational study by Canzian et al (14) in
a small EGPA cohort (76% and 82% complete responses at
12 months for mepolizumab 100 mg every 4 weeks and 300 mg
every 4 weeks, respectively, as defined by BVAS = 0 and a pred-
nisone dose <5 mg/day) (14).

In our study, complete response rates appeared to be higher
among ANCA-negative patients, though the subgroups were too
small to draw conclusions. We speculate that these findings
reflect the different nature of ANCA-positive EGPA and ANCA-
negative EGPA, the latter being traditionally associated with a
more prominent eosinophilic phenotype (24-26).

Control of systemic disease activity was paralleled by the
improvement in asthma and lung function with both mepolizumab
regimens. Interestingly, the lower mepolizumab dose was not
associated with an increased risk of asthma re-exacerbation dur-
ing follow-up. Additionally, both mepolizumab doses were associ-
ated with good control of ENT manifestations, according to recent
data (27). Moreover, we also observed a remarkable reduction in
peripheral neuropathy during treatment with mepolizumab. In
EGPA, neuropathy seems to have not only a vasculitic etiology
but also a neurotoxic etiology, mainly due to eosinophil products
(28,29). Thus, eosinophil depletion via mepolizumab could

effectively counteract this pathogenetic mechanism. To date, the
possible role of mepolizumab in the control of EGPA neurologic
manifestations was reported only in a retrospective study of
6 patients (30). Our results, however, must be taken with caution,
as other factors may contribute to the improvement of neuropathy,
including progressive nerve function recovery or delayed effects of
previous and concomitant therapies.

In our study, mepolizumab was generally well-tolerated.
Approximately one-fifth of patients experienced AEs, and the
100 mg every 4 weeks dose appeared to be associated with a
lower rate of AEs. Most AEs were related to infections or to myal-
gias/arthralgias, as observed in the MIRRA trial (11). Only a few
AEs required treatment discontinuation or hospitalization. How-
ever, as is the case in all retrospective studies, underreporting of
AEs cannot be excluded.

Our study has other limitations, mostly related to its retro-
spective nature. First, as data were retrospectively captured from
medical records, some data were missing, and the assessment of
clinical parameters was not systematic. Second, heterogeneity in
clinical management among centers cannot be excluded. Third,
consistent with the MIRRA trial, the BVAS calculation was used
to retrospectively assess disease activity and treatment out-
comes, as no standard assessment tool is validated specifically
for EGPA. Nevertheless, it cannot be excluded that items related
to chronic or persistent damage were erroneously counted in the
BVAS score. Fourth, the disparity in sample size between the
100 mg every 4 weeks group and 300 mg every 4 weeks group
did not allow us to draw definite conclusions. Finally, given the
small sample size, the effect of mepolizumab dose escalation in
patients with inappropriate response to 100 mg every 4 weeks
could not be ascertained. Despite these limitations, this study also
had several strengths, including a long follow-up period, large
sample size representative of the European clinical setting, and
availability of detailed longitudinal clinical data.

In conclusion, this large European real-world study shows
that mepolizumab is associated with effective control of respira-
tory EGPA manifestations, with a good safety profile. Our results
further suggest a role of mepolizumab in the treatment of systemic
manifestations, though the retrospective assessment of systemic
disease activity requires cautious interpretation of these findings.

Our data also suggest that mepolizumab 100 mg every
4 weeks could be an acceptable dose for patients with EGPA and
a valid alternative to the dose approved for this therapeutic indica-
tion (300 mg every 4 weeks). Nevertheless, caution is needed, as
some reports suggest a risk of systemic disease flare in patients
receiving anti-IL-5 treatments at the dose for asthma control
(81,32). Randomized clinical trials are advocated to compare the
efficacy and safety of these 2 EGPA treatment regimens and assess
whether dose escalation from 100 mg to 300 mg every 4 weeks
can be effective in case of unsatisfactory clinical responses, as well
as to compare the efficacy of mepolizumab as an alternative to or
sequential treatment with other biologic therapies for EGPA.
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Clinical Implications

Eosinophilia-associated coronary vasospasm is a life-
threatening condition that can occur even with mild
eosinophilia and despite treatment with vasodilators,
especially in patients with features of type 2 inflammation.
Long-term normalization of absolute eosinophil counts is
warranted to prevent relapses.

Eosinophilia-associated ~ coronary  vasospasm is an
underrecognized condition that has been described in
patients with aspirin-exacerbated respiratory disease (AERD),
hypereosinophilic syndrome (HES), and eosinophilic
granulomatosis with polyangiitis (EGPA)." In the acute
phase, the treatment relies on vasodilators and glucocorti-
coids. Nevertheless, the optimal long-term management is
unknown. We previously reported that benralizumab could
be beneficial in recurrent eosinophilia-associated coronary
vasospasms unresponsive to conventional vasodilators.” We
aimed to set up the first cohort of patients with
eosinophilia-associated coronary vasospasm to provide an in-
depth analysis of their clinical picture and outcomes, and

ultimately to yield a practical data-driven therapeutic
algorithm.

Coronary vasoSPASM with EOsinophilia is a European,
multicentric, retrospective cohort study conducted in 20 centers
from the French National Network for HES and the European
EGPA study group dedicated to patients with eosinophilia-
associated coronary vasospasm managed between January 2010
and January 2023. Inclusion criteria were the presence of a
definite coronary vasospasm according to the 2017 International
standardization of diagnostic criteria for vasospastic angina,’
concomitant (£48-hour) eosinophilia (absolute eosinophil
count [AEC] threshold, 0.5 x 10°/L), and the absence of
alternate diagnoses. This study complied with the relevant reg-
ulations (including the MR004 legislation) and was approved by
Foch Hospital’s ethics committee (IRB00012437).

A total of 37 patients (median age, 52 years [range, 42-64
years]; 43% women) were included (Table I). The coronary
vasospasm was the first eosinophil-associated organ involvement in
26 patients (70%). An iatrogenic trigger was evidenced in seven
patients (19%), consisting in all cases but one of nonsteroidal anti-
inflammatory drugs, most often in the context of AERD. A total
of 16 patients (43%) had AERD, whereas 16 (43%) and 13
(35%) fulfilled classification criteria for EGPA (all with negative
antineutrophil cytoplasmic antibodies) and HES, respectively. No
predominant coronary territory was involved and up to 10 of 34
patients (29%) displayed multivessel vasospasms.

After a median follow-up of 30 months (range, 12-63 months),
20 patients relapsed (54%), with relapse rates at 1, 2, and 5 years
of 32%, 38%, and 49%, respectively. Besides coronary relapses, 13
patients (35%) experienced another major adverse cardiovascular
event, including eight with cardiogenic shock (22%) and six with
cardiac arrests (17%). In patients who relapsed (among whom
95% were treated with vasodilators and 55% with a combination
of both nitrates and calcium channel blockers), median time to the
first relapse was 10 months (range, 5-29 months) and there was a
median total of three relapses at last follow-up (range, 1-3 relapses).
All patients but one who relapsed (95%) had persistent eosino-
philia (median AEC at the time of relapse, 1.00 x 109/L [range,
0.78-1.55 x 10°/L]). Among patients who relapsed and were
treated with corticosteroids after the first coronary vasospasm (n =
10), four relapsed after recent withdrawal (<6 months), and six
when eosinophilia recurred along with the tapering of corticoste-
roids. Conversely, after a median follow-up of 44 months (range,
17-50 months), all six patients who were treated with either
mepolizumab (n = 4) or benralizumab (n = 2) remained relapse-
free (see Figure E1 in this article’s Online Repository at www.jaci-
inpractice.org). In multivariate analysis, persistent eosinophilia
(defined as an AEC of >0.5 x 10”/L either at the time of relapse
or at follow-up for patients who did or did not relapse, respec-
tively) was the only independent factor associated with relapse
(odds ratio = 8.87 [range, 3.28-24.82]; P < .001). Relapse-free
survival curves are reported in Figure 1.

Here, we show that eosinophilia-associated coronary vaso-
spasm is a life-threatening condition that can occur even with
mild eosinophilia, especially in patients with features of type 2
inflammation. When patients do not receive eosinophil-
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TABLE I. Baseline characteristics, in-hospital features, management, and outcomes of 37 patients with eosinophilia-associated coronary
vasospasm

Patients without Patients with
All patients vasospasm relapse vasospasm relapse
Variable (n = 37) (n=17) (n = 20) P
Demographics and medical history
Age, y 52 [42-64] 56 [50-65] 47 [35-64] 128
Women/men 16 (43)/21 (57) 4 (24)/13 (76) 12 (60)/8 (40) .026
Cardiovascular risk factors, n 1[1-2] 1 [0-2] 1 [0-2] 798
Active smoker 15 (40.5) 7 (41) 8 (40) 942
Prior coronary revascularization 4 (11) 3 (18) 15 217
Aspirin-exacerbated respiratory disease 16 (43) 6 (35) 10 (50) .368
Asthma 21 (57) 5(29) 16 (80) 002
Atopy 14 (38) 4 (24) 10 (50) .098
Atopic dermatitis 8 (22) 4 (24) 4 (20) 795
Chronic rhinosinusitis with nasal polyps 14 (38) 3 (18) 11 (55) 019
Cardiovascular findings
Provisional diagnosis of Prinzmetal angina 25 (68) 5 (29) 20 (100) <.001
Time between onset of angina and hospitalization, d 2 [0-30] 1 [0-18] 4 [0-30] 662
Drug intake as trigger of coronary vasospasm 7 (19) 6 (35) 1(5) 019
Nonsteroidal anti-inflammatory drugs 6/7 (86) 5/6 (83) 1/1 (100) 045
Peak troponin during hospitalization, multiple of upper 4.0 [0.6-20.8] 4.0 [1.2-8.9] 3.1 [0.3-25.5] .638
reference limit
Left ventricular ejection fraction at admission (upon 60 [55-60] 60 [55-60] 60 [55-60] 753
transthoracic echocardiogram) (%)
Coronary angiography features 34 (92) 15 (88) 19 (95) 453
Multivessel involvement 10/34 (29) 5/15 (33) 5/19 (26) .656
Left anterior descending artery 9/34 (27) 4/15 (27) 5/19 (26) 982
Circumflex artery 3/34 (9) 0/15 (0) 3/19 (16) 107
Right coronary artery 12/34 (35) 6/15 (40) 6/19 (32) .609
Cardiac magnetic resonance imaging features 19 (51) 9 (53) 10 (50) .630
Time between hospital admission and cardiac magnetic 13 [5-19] 10 [5-19] 14 [6-30] 353
resonance imaging, d
Late gadolinium enhancement (n = 9) 9/19 (47) 4/9 (44) 5/9 (56) .653
Late gadolinium enhancement pattern 956
Subendocardial pattern 5/9 (56) 2/4 (50) 3/5 (60)
Subepicardial pattern 2/9 (22) 1/4 (25) 1/5 (20)
Transmural pattern 2/9 (22) 1/4 (25) 1/5 (20)
Eosinophilic workup
Prior eosinophil-associated disorder 15 (41) 3 (18) 12 (60) .009
Main conditions underlying eosinophilia
Antineutrophil cytoplasm antibody-negative 16 (43) 3 (18) 13 (65) 004
eosinophilic granulomatosis with polyangiitis
Idiopathic hypereosinophilic syndrome 12 (32) 6 (35) 6 (30) 732
Lymphocytic-variant hypereosinophilic syndrome 13 1 (6) 0 272
Other 8 (22) 7 (41) 1(5) .008
Extracardiac eosinophil-related organ involvement 26 (70) 9 (53) 17 (85) .034
Extracardiac eosinophil-related manifestations, n 1 [0-2] 1 [0-1] 1[1-1] 148
Laboratory findings
Absolute eosinophil count at admission (x 109/L) 1.20 [0.73-1.80] 0.80 [0.54-1.80] 1.44 [0.80-2.03] 406
Peak absolute eosinophil count during hospitalization, 1.70 [1.12-2.10] 1.60 [0.82-3.16] 1.75 [1.38-2.10] .699
(x10°/L)
C-reactive protein at admission, mg/L 1 [0-5] 3 [0-48] 0 [0-3] .075
High total IgE levels 8/17 (47) 3/8 (38) 5/8 (63) .596

(continued)
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Patients without Patients with

All patients vasospasm relapse vasospasm relapse
Variable (n = 37) (n=17) (n = 20) P
Treatments after first coronary vasospasm
Coronary angioplasty 10/34 (29) 5/15 (33) 5/19 (26) .656
Vasodilators 28 (76) 9 (53) 19 (95) .003
Nitrates 12 (32) 3 (18) 9 (45) .077
Calcium channel blockers 28 (76) 9 (53) 19 (95) .003
Specific treatments at discharge 18 (49) 7 (41) 11 (55) 402
Glucocorticoids 16 (43) 6 (35) 10 (50) 368
Immunosuppressantsh 5 (14) 1 (6) 4 (20) 211
Pegylated IFN-o. 13 1 (6) 0 272
Imatinib 1(3) 0 1(5) 350
Dupilumab biologics 2 (8) 1(6) 15 .906
Anti-IL-5/IL-5R biologics 1(3) 1 (6) 0 460
Outcomes
Follow-up, mo 30 [12-63] 25 [12-63] 31 [14-64] 494
Persistent eosinophilia 22 (59) 3 (18) 19 (95) <.001
Total recurrences during follow-up, n 3 [1-3] — 3 [1-3] NA
Major adverse cardiovascular event (besides coronary 13 (35) 6 (35) 7 (35) 985
vasospasm)
Third-degree atrioventricular block 5 (14) 4 (24) 1(5) .100
Ventricular arrhythmia 2 (6) 0 2 (10) 180
Cardiogenic shock 8 (22) 4 (24) 4 (20) 795
Cardiac arrest 6 (17) 2 (11) 4 (20) 498
All causes of death 13) 0 1(5)° .350
Left ventricular ejection fraction <50% at last follow-up 6 (16) 2 (12) 4 (20) .498

NA, not available.
Results are expressed as n (%) or median [interquartile range].
Bold indicated statistical significance (P < .05).

“Patient subsets were differentiated based on the presence or not of relapse during follow-up. Qualitative variables were compared using xzor Fisher exact test (as appropriate),
whereas Mann-Whitney test was used for continuous variables. P < .05 was considered statistically significant. Analyses were performed using SAS software (version 9.4, SAS

Institute, Carry, NC).
bCyc]ophosphamide (n = 3) and methotrexate (n = 2).

“This patient died 7 y after the index hospitalization following heart-kidney transplantation for end-stage eosinophil-related heart involvement.

targeted therapies after the inital episode, relapse rates are
strikingly higher than in common vasospastic angina.” These
findings have strong practical implications and should raise
awareness for physicians to check the differential counts of
patients with a provisional diagnosis of Printzmetal angina.
When AEC are above 0.5 x 10°/L, long-term eosinophil
depletion with either glucocorticoids or ant-IL-5 biologics is
warranted (see Figure E2 in this article’s Online Repository at
www.jaci-inpractice.org).

In line with the literature review of 19 cases, our findings
suggest that eosinophilia-associated coronary vasospasm typically
occurs in middle-aged patients who are at low cardiovascular risk
but frequently display features of type 2 inflammation." Strik-
ingly, no patient with myeloid eosinophilia was reported,
consistent with data on FIP1LI1:PDGFRA-associated myeloid
neoplasm with eosinophilia.” All coronary arteries may be
involved, and both severe and diffuse spasms were observed.
Although the peak AEC usually remained moderate (with only
46% of patients exceeding the HES-defining threshold of 1.5 x
10°/L), the rate of major adverse cardiovascular events was high.

The pathophysiology of eosinophilia-associated coronary
vasospasm remains unclear. Eosinophils are potent producers of
vasospastic mediators (eg, leukotrienes C4 and D,°) and have a
close bidirectional interplay with mast cells.” Some authors
suggest that they could be embedded within the scope of allergic
angina (Kounis syndrome7). Nevertheless, besides nonsteroidal
antiinflammatory drugs, acute triggers were rare, which suggests
that inflammatory processes other than IgE-related type 1 hy-
persensitivity could be involved. Moreover, because no patients
tested positive for antineutrophil cytoplasmic antibodies or had
features of vasculitis, and because most patients had low in-
flammatory markers (a feature that we previously showed to be
associated with eosinophil-driven diseases rather than systemic
vasculitis®), it also seems unlikely that eosinophilia-associated
coronary vasospasm is related to systemic vasculitis. Neverthe-
less, because severe eosinophilic infiltration restricted to the
adventitia and the periadventitial soft tissue was reported in an
autopsic series of 11 patients with acute symptoms, eosinophilia-
associated coronary vasospasm could also result from local
cosinophilic coronary periarteritis.”
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FIGURE 1. Kaplan=Meier estimates of relapse-free survival rates
eosinophilia.

This study had several limitations related to its retrospective
design, including missing data, no predefined treatment pro-
cedure, and loss to follow-up. Despite the close review of all
individual files, we cannot rule out that patients without
eosinophilia at last follow-up still had transient eosinophilia
during follow-up and thus were misclassified. Moreover, this
was a retrospective real-life study with no basic research and
no autopsy performed. As such, the pathophysiology of
eosinophilia-associated coronary vasospasm remains speculative,
and there is no formal evidence that coronary artery events
indeed are the consequence of type 2 inflammation within
coronary arteries. Nevertheless, the current cohort is the largest
ever reported in literature on the topic', and the fact that no
patients treated with eosinophil-specific biologics relapsed
suggests that eosinophils likely have a pivotal role in the
disease’s pathophysiology.

Eosinophilia-associated coronary vasospasm is an under-
recognized, frequently relapsing, and life-threatening condition
that occurs in patients with type 2 inflammation. Although
treatment with vasodilators alone is inefficient, eosinophil-
targeted therapies are promising.
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Coronary vasospasm Eosinophilia
2017 international standardization of + AEC > 0.5 x 10%/L within 48
diagnostic criteria for vasospastic angina hours after admission
Acute Phase Diagnostic workup:

* Laboratory tests: troponin,
BNP, CRP, ANCA

. ECG
. « TTE
Vasodilators * Coronary Angiography
Calcic Channel Blockers and/or Nitrates < CMR
+
Glucocorticoids
1 mg/kg/day equivalent Predniso(lo)ne
On the long-run
| Gradual tapering of glucocorticoids |
No Recurrence of Eosinophilia | Recurrence of Eosinophilia
If eosinophilia recurs
Attempt to withdraw glucocorticoids l
over a 3-6 month period
Close monitoring of AEC
Pursue vasodilators on the long-run
Low-dose prednisone High-dose prednisone
dependency dependency
AND OR
No glucocorticoids-related Glucocorticoids-related
side effect side effect
Transient increase of Consider anti-IL5/IL5R
glucocorticoids until biologics

normalization of AEC, then

FIGURE E2. Suggested therapeutic algorithm for management of eosinophilia-associated coronary vasospasm. AEC, absolute eosinophil
count; ANCA, antineutrophil cytoplasmic antibodies; BNP, brain natriuretic peptide; CMR, cardiac magnetic resonance imaging; CRP, C-
reactive protein; ECG, electrocardiogram; TTE, transthoracic echocardiography.
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Introduction: Eosinophils have widespread procoagulant effects. In daily
practice, eosinophil-related cardiovascular toxicity consists of endomyocardial
damage, eosinophilic vasculitis and arterial or venous thrombosis. Here we aim to
report on the clinical features and treatment outcomes of patients with
unexplained ophthalmic vascular manifestations and eosinophilia.

Methods: We conducted a retrospective, multicenter, observational study and a
literature review of patients with eosinophilia (>0.5 x10%/L) and concomitant
ophthalmic vascular manifestations independent of the underlying eosinophilic
disease but with no alternative cause for ophthalmic manifestations.

Results: Fifty-seven patients were included (20 from the observational study and
37 from the literature review). Ophthalmic vascular features were the initial
manifestation of eosinophil-related disease in 34 (59%) patients and consisted
of 29 central retinal artery occlusions, six branch retinal artery occlusions, five
central retinal vein occlusions, two branch retinal vein occlusions, seven retinal
vasculitides, two retinal vasospasms, 12 Purtscher’s retinopathies, 13 anterior
ischemic optic neuropathies and two posterior ischemic optic neuropathies. The
median [IQR] absolute eosinophil count at onset of ophthalmic vascular
manifestations was 3.5 [1.7-7.8] x10%/L. Underlying eosinophil-related diseases
included eosinophilic granulomatosis with polyangiitis (n=32), clonal
hypereosinophilic syndrome (HES) (n=1), idiopathic HES (n=13), lymphocytic
HES (n=2), adverse drug reactions (n=3), parasitosis (n=2), polyarteritis nodosa
(n=1), 1gG4-related disease (n=1), eosinophilic fasciitis (n=1) and primary
sclerosing cholangitis (n=1). Other extra-ophthalmologic arterial or venous
thromboses related to eosinophilia were reported in four (7%) and nine (16%)
patients, respectively. Visual prognosis was poor: only eight (10%) patients
achieved full recovery of ophthalmologic symptoms. After a median follow-up
of 10.5 [1-18] months, one patient (3%) had a recurrence of an ophthalmic
vascular manifestation, and three patients (10%) had a recurrence of other
vascular symptoms (deep vein thrombosis in two and pulmonary embolism in
one patient). At the time of recurrence, absolute eosinophil counts were above
0.5 x10%/L in all cases (n=4).

Discussion: This study broadens the spectrum of vascular manifestations
associated with hypereosinophilia by adding ophthalmic vascular
manifestations. In patients with ophthalmological vascular manifestations and
hypereosinophilia, aggressive treatment of the underlying pathology (and
normalization of blood count) should be implemented.

KEYWORDS

eosinophilia, hypereosinophilic syndrome, eosinophilic granulomatosis with
polyangiitis, retinal artery occlusion, retinal vein occlusion, retinal vasculitis,
optic neuropathy
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Introduction

Blood and/or tissue eosinophilia is a hallmark feature of
multiple allergic, infectious, inflammatory, and neoplastic
disorders (1). Eosinophils have widespread effects. These include
the production of procoagulant phospholipids and the production
of tissue factor and activated factor XII, both of which promote the
genesis of thrombin (2-4). Eosinophils also release major basic
protein (MBP, which contributes to platelet activation) (5, 6),
eosinophilic cationic protein, eosinophil peroxidase and platelet
activation factor, all of which foster thrombus formation (7, 8).
According to the latest International Cooperative Working Group
on Eosinophil Disorders (ICOG-Eo), both venous and/or arterial
thromboses occurring in patients with absolute eosinophil counts
(AEC) > 1.5 x10°/L are Hypereosinophilic Syndrome (HES)-
defining features (9).

In daily practice, cardiovascular manifestations related to the
toxicity of eosinophils mainly consist of eosinophilic myocarditis,
endomyocardial fibrosis, endocardial thrombi (with potential
systemic emboli) (10), venous thromboembolism (11), and
eosinophilic vasculitis in patients with idiopathic HES (12, 13)
Eosinophilia can also be associated with organ and/or life-
threatening manifestations e.g., thromboangiitis obliterans-like
disease (14, 15), coronary vasospasm (16) or ischemic strokes of
border zone distribution (17), all of which can have poor outcomes
(18). To date, ophthalmic vascular manifestations (e.g. central retinal
artery occlusion (CRAO), Purtscher’s retinopathy, central retinal vein
occlusion (CRVO) or ischemic optic neuropathy (ION)) have seldom
been reported in the setting of eosinophil-associated disorders,
consisting mostly of case reports or small case series (19-22).
Hence, the management of such patients is not standardized.

Here, we aim to report on the clinical picture and treatment
outcomes of patients with ophthalmic vascular manifestations and
eosinophilia, and ultimately to provide a data-driven practical
therapeutic algorithm.

Materials and methods
Study design and inclusion criteria

We conducted a retrospective, multicenter, observational study.
Centers involved in the French National Reference Center for HES
(CEREO) and in the European Eosinophilic Granulomatosis with
Polyangiitis study group as well as 1 US center of EGPA expertise
(National Jewish Health, NJH) were queried to identify patients with:
(i) at least one episode of ophthalmic vascular manifestation (CRAO,
branch retinal artery occlusion (BRAO), CRVO, branch retinal vein
occlusion (BRVO), Purtscher’s retinopathy, retinal vasculitis or ION);
(ii) concomitant absolute eosinophilia count (AEC) > 0.5 x10°/L when
the ophthalmic vascular manifestation occurred. Exclusion criteria
were the presence of any condition, comorbidity or concomitant
treatment leading to thrombophilia (either constitutional or
acquired), cardiac embolism, rhythmic heart disease, tight carotid
stenosis (NASCET >70%) homolateral to the retinal involvement or
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other causes of Purtscher’s retinopathy (e.g. acute pancreatitis, head
trauma or thrombotic microangiopathy), ION (e.g. giant cell arteritis)
as well as the presence of anti-myeloperoxydase (MPO) anti-neutrophil
cytoplasmic autoantibodies. A comprehensive list of exclusion criteria
is provided in the Supplementary Appendix.

Literature review

The PUBMED database was searched for English-language
publications released up to April 2023, using the following
combination of MeSH terms: (i) ‘hypereosinophilic syndrome’ (or
any term referring to a condition embedded within the spectrum of
clonal, reactive (including lymphocytic HES, drug-induced or
paraneoplastic eosinophilia) and idiopathic HES (including single-
organ and systemic eosinophil-associated diseases)); (ii) and a MeSH
term referring to an ophthalmic vascular manifestation (e.g., retinal
artery occlusion, retinal vein occlusion, retinal vasculitis, retinal
diseases, optic neuropathy). Reference lists from selected
publications were screened for additional relevant studies.

Baseline measurements

All cases were reviewed by the investigators (EC, MG)
considering the entire follow-up. Using a standardized de-identified
case report form, demographic (including cardiovascular and venous
thromboembolism risk factors), clinical, laboratory and imaging
findings at the time of the ophthalmic vascular manifestation as
well as during follow-up were collected. For each patient, the
underlying process underpinning blood hypereosinophilia was
assessed according to the International COoperative study Group
on Eosinophil disorders (ICOG-Eo) terminology (9) and thus
considered as either clonal (i.e. neoplastic, including FIPILI:
PDGFRA myeloid neoplasm with eosinophilia), reactive (including
all conditions that lead to the production of type 2 inflammation-
related cytokines and thereby to non-clonal HE), overlapping (when
embodied within the spectrum of autoimmune diseases, e.g. MPO
ANCA-negative EGPA (23), IgG4-related disease (24), or
eosinophilic fasciitis (25)), or idiopathic.

Outcomes

For patients with > 3 months of follow-up, and after exclusion of
patients with single-flare eosinophilia (parasitosis and drug-induced
eosinophilia), studied outcomes included visual acuity at last follow-
up, the recurrence of either ophthalmic or extra-ophthalmologic
vascular events, the occurrence of ophthalmic complications (e.g.
retinal neovascularization, intravitreal hemorrhage or neovascular
glaucoma), and death. Full ophthalmic recovery was defined as the
resolution of ophthalmologic symptoms (full correction of visual
acuity, visual field normalization, no recurrence of transient
monocular blindness). Partial recovery was defined as partial
improvement in visual acuity and/or visual field.
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Statistical analysis

Patient characteristics are reported as median [interquartile]
(IQR]) and frequency (percentage) for continuous and categorical
variables, respectively. Visual acuity was converted into the log of the
minimum angle of resolution (logMAR). Patient subsets were
differentiated based on the subtype of vascular manifestation (arterial
involvement vs. venous thrombosis vs. Purtscher’s retinopathy). Visual
outcomes were compared using the Chi-squared test and continuous
variables were compared using the Kruskal Wallis test.

Ethical and regulatory considerations

All methods were carried out in accordance with relevant
guidelines and regulations (i.e. the Good Clinical Practice
protocol, the Declaration of Helsinki principles and the MR004
French legislation regarding observational retrospective studies)
and this study was approved by the independent ethics committee
of Foch Hospital (IRB00012437, approval number 23-03-04).

Results

Patient identification and
baseline characteristics

One hundred and twenty-three patients were screened through
the CEREO, EESG and NJH databases, and 55 case reports
(corresponding to 56 patients) treated for eosinophilia and
concomitant ophthalmic vascular manifestations were identified
through the literature review. Overall, 57 patients fulfilled inclusion
criteria (20 from the observational study and 37 from the literature

10.3389/fimmu.2024.1379611

review, Figure 1). Their main characteristics are reported in Table 1.
Thirty-two (56%) were male and their median age at ophthalmic
manifestation onset was 54 [44-65] years. Thirty-six (58%) had at
least one cardiovascular risk factor, three (5%) had a prior history of
cardiovascular disease and four (7%) had a prior history of venous
thromboembolism. Among the 55 patients with available data, only
one (2%) developed ophthalmic vascular involvement despite
ongoing treatment with both antiplatelets and anticoagulants.
Ophthalmologic symptoms were the initial eosinophil-related
organ involvement in 34 (59%) patients, while 23 (41%) had already
been diagnosed with a prior eosinophil-associated disease,
including 17 (30%) who were currently treated with systemic
corticosteroids at the time of ophthalmic vascular involvement
and four (7%) who had prior eosinophil-related venous
thromboembolism. Among the seven patients with available data,
the median delay between eosinophil-related first manifestation and
ophthalmic symptoms was 36 [15-96] months. The median AEC at
onset of ophthalmic vascular manifestation was 3.5 [1.7-6.8] x10°/L.
Among the 40 patients (70%) with available data, the median peak
AEC during follow-up was 4.6 [2-8.9] x10°/L, including 37 (92%)
patients with hypereosinophilia > 1.5 x10°/L (i.e. the HES-defining
threshold). Among the 48 patients with extra-ophthalmologic
eosinophil-related organ involvement, the median number of
organs involved was two [1-3], consisting mostly of peripheral
nervous system (n=23), skin (n=28), lung (n=16), ENT (n=17) and
musculoskeletal (n=12) manifestations. Of note, four (7%) patients
reported features of arterial thrombosis (ischemic stroke n=2, acute
coronary syndrome and gastrointestinal tract ischemia, a single
patient each), nine (16%) of venous thromboembolism (pulmonary
embolism n=4, lower limb deep venous thrombosis n=3, inferior
vena cava thrombosis, pulmonary vein thrombosis, a single patient
each), and four (7%) had eosinophilic myocarditis. Among the 13
thrombotic manifestations, seven occurred concomitantly with
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TABLE 1 Baseline demographic, clinical, biological and treatment features of patients with ophtalmic vascular manifestations and eosinophilia.

All patients

(n=57, eyes 78)

Arterial
involvement

Venous
involvement

Purtscher's
retinopathy

(n=46, eyes 59)

(n=5, eyes 7)

(n=6, eyes 12)

Demographics
Sex, female 25 (44) 18 (39) 3 (60) 4 (67)
Age, years 54 [44-65] 56 [46-66] 53 [45-56] 39 [32-45]
Cardiovascular risk factors
Age > 50years (man) or > 60years (woman) 30 (53) 27 (59) 2 (40) 1(17)
Active smoker 3/38 (8) 3/29 (10) 0 (0) 0 (0)
Hypertension 13/38 (34) 9/29 (31) 2 (40) 2 (33)
Diabetes 6/38 (16) 3/29 (10) 2 (40) 1(17)
Dyslipidemia 1/38 (3) 1/39 (3) 0 0
Number of cardiovascular risk factors 1[0-1] 1[0-1] 1[1-1] 0 [0-0]
Prior history of cardiovascular disease 3(5) 3(7) 0 0
Prior history of venous thromboembolic disease 4(7) 2 (4) 1 (20) 1 (20)
Ophthalmological findings
Bilateral involvement 21 (37) 13 (28) 2 (40) 6 (100)
Ophthalmological symptoms
Visual acuity loss 71 (91) 52 (88) 7 (86) 12 (100)
Visual field abnormalities 9 (12) 7 (12) 0 (0) 2 (20)
Transient monocular blindness 13 (17) 12 (20) 1(14) 0
Visual acuity (logmar) 1.7 [0.5-2.3] 2[0.8-2.3] 0.45 [01-0.88] 1.7 [0.5-1.7]
Fundus abnormalities 64/64 (100) 47/47 (100) 5/5 (100) 12/12 (100)
Fluorescein angiography abnormalities 37/39 (95) 27/29 (93) 2/2 (100) 8/8 (100)
Optical Coherence Tomography abnormalities 14/18 (78) 5/9 (56) 3/3 (100) 616 (100)
Visual field defects 14/17 (82) 12/15 (80) 0/0 2/2 (100)
Ophtalmological diagnoses
CRAO 29 29 - -
BRAO 6 6 - -
AION 13 13 - -
PION 2 2 - -
Vasculitis 7 7 - -
Retinal vasospasm 2 2 - -
Purtscher 's retinopathy 10 - - 12
CRVO 5 - 5 -
BRVO 2 - 2 -
Eosinophilic workup
Prior eosinophil-associated disorder 23 (41) ‘ 17 (37) 4 (80) 2 (33)
Main conditions underlying eosinophilia
Clonal HES 1(2) ‘ 1(2) 0 0
Idiopathic HES 13 (23) ‘ 7 (15) 2 (40) 4 (67)
(Continued)
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TABLE 1 Continued

All patients Arterial Venous Purtscher's
(n=57, eyes 78) involvement involvement retinopathy
(n=46, eyes 59) (n=5, eyes 7) (n=6, eyes 12)
Lymphocytic HES 2(4) 2 (4) 0 0
EGPA 32 (57) 30 (65) 2 (40) 0
Polyarteritis nodosa 1(2) 1(2) 0 0
Parasitosis 2 (4) 2 (4) 0 0
Adverse drug reaction 3(5) 1(2) 0 2 (33)
Others 3(5) 2 (4) 1 (20) 0
Extra-ophthalmological eosinophil- related organ involvement 48 (86) 39 (88) 4 (80) 5 (100)
n of other organs involved 2 [1-3] 2 [1-3] 2 [2-3] 3 [3-4]
Arterial thrombosis 4(7) 4(9) 0 0
Venous thrombosis 9 (16) 6 (13) 2 (40) 1 (20)
Heart 4(7) 49 0 0
Lung 16 (29) 11 (24) 3 (60) 2 (40)
Skin 28 (50) 22 (48) 2 (40) 4 (80)
Gastrointestinal tract 2 (4) 2 (4) 0 0
ENT 17 (30) 16 (35) 1 (20) 0
Central nervous system 4 (7) 2 (4) 1 (20) 1 (20)
Peripheral nervous system 23 (41) 22 (48) 1 (20) 0
Kidney 3(5) 1(2) 1 (20) 1 (20)
Musculoskeletal 12 (21) 8 (17) 2 (40) 2 (40)
Effusion of serous cavities 2 (4) 1(2) 0 1 (20)
Liver and biliary tract 4(7) 2 (4) 1 (20) 1 (20)
Laboratory findings
AEC at admission for ophthalmologic event, x 10A9/L 3.5 [1.7-6.8] 3 [1.6-4.7] 3 [1.8-5.9] 5 [5-30]
Maximum AEC , x 10A9/L 4.6 [2-8.9] 42 [2-8.1] 3 [1.8-5.9] 5 [5-30]
ANCA positive 8/36 (22) 7/25 (28) 1/3 (33) 0
CRP > 40mg/L 7/32 (22) 7/28 (25) 0/3 (0) 1/1 (100)
Elevated tryptase 0/11 (0) 0/9 0/1 0/1
Elevated IgE 9/12 (75) 8/10 (80) 1/1 (100) 0/1 (0)
Treatments
After the ophthalmic event
Glucocorticoids 45 (79) 39 (85) 0 6 (100)
Immunosuppressants 12 (21) 12 (26) 0 0
Intravenous immunoglobulins 1(2) 1(2) 0 0
Plasma exchanges 2 (4) 2 (4) 0 0
Antiparasitic therapy 1(2) 1(2) 0 0
Fibrinolysis 5(9) 5(11) 0 0
Ocular hypotensive therapy 4(7) 4(9) 0 0
During the entire follow-up

(Continued)
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All patients Arterial Venous Purtscher's
(n=57, eyes 78) involvement involvement retinopathy
(n=46, eyes 59) (n=5, eyes 7) (n=6, eyes 12)
Glucocorticoids 48 (84) 41 (89) 1 (20) 6 (100)
Immunosuppressants 20 (36) 19 (41) 1 (20) 0
Anti -IL5/IL5R 7 (13) 6 (13) 1 (20) 0
Imatinib 2 (4) 2 (4) 0 0
Hydroxyurea 2 (4) 2 (4) 0 0
Infiiximab 1(2) 1(2) 0 0
Rituximab 3(5) 2 (4) 1 (20) 0
Plasma exchanges 2 (4) 2 (4) 0 0
Antiparasitic therapy 3(5) 3(7) 0 0
Intravenous immunoglobulins 1(2) 1(2) 0 0
Antiplatelets 21 (38) 20 (43) 1 (20) 0
Anticoagulants 9 (16) 7 (15) 2 (40) 0

Data are reported as no. (%) or median [IQR], unless otherwise specified.

AEC, absolute eosinophil count; AION, anterior ischemic optic neuropathy; BRAO, branch retinal artery occlusion; BRVO, branch retinal vein occlusion; CRAO, central retinal artery occlusion;
CRVO, central retinal vein occlusion; EGPA, eosinophilic granulomatosis with polyangiitis; ENT, ear nose and throat; HES, hypereosinophilic syndrome; PION, posterior ischemic

optic neuropathy.

ophthalmic vascular manifestations. Eosinophilic granulomatosis
with polyangiitis (EGPA, formerly Churg-Strauss syndrome) was
the leading cause driving eosinophilia (n=32, 57%). Other
associated conditions included STAT5A-associated chronic
eosinophilic leukemia (n=1, 2%), lymphocytic (n=2, 4%),
idiopathic (n=13, 23%), reactive (n=5, 7% including three drug
adverse reactions and two parasitosis) HES as well as overlapping
diseases (n=4, 7%, consisting of polyarteritis nodosa, IgG4-related
disease, sclerosing cholangitis and eosinophilic fasciitis, a single
patient each).

Ophthalmological findings

Ocular involvement was bilateral in 21 patients (37%), and in the
remaining patients there was no predominant eye involved.
Ophthalmic vascular manifestations included CRAO (n= 24
patients, 29 eyes), BRAO (n= 5 patients, 6 eyes), CRVO (n= 3
patients, 5 eyes), BRVO (n= 2 patients, 2 eyes), retinal vasculitis (n=
5 patients, 7 eyes), retinal vasospasm evidenced upon fluorescein
angiography (one patient with bilateral involvement), Purtscher’s
retinopathy (n=6 patients, 12 eyes), anterior ischemic optic
neuropathy (n= 10 patients, 13 eyes) and posterior ischemic
optic neuropathy (n=2 patients with unilateral involvement). Ocular
symptoms (present in all patients but one) consisted of vision loss (53
patients, 71 eyes), transient monocular blindness (11 patients, 13 eyes)
and visual field abnormalities (7 patients, 9 eyes). The median visual
acuity at diagnosis was 1.7 [0.5-2.3] logmar. In all eyes with available
data (n=64 eyes), fundus examination was always abnormal (fundus
data of the 2 patients with posterior ischemic optic neuropathy were
not available). Among the 39 fluorescein angiographies that were

Frontiers in Immunology

performed, imaging findings were abnormal and concordant with the
clinical diagnoses suspected upon fundus examination in 37 (95%)
cases. Figure 2 illustrates the retinal imaging finding of a patient with
CRAO in the left eye. Among the 28 patients with imaging of supra-
aortic arteries, 8 (29%) had evidence of mild (NASCET < 70%)
ipsilateral carotid artery atheroma. Of note, among the 22 patients
with available concomitant brain imaging (cerebral MRI or injected
TDM), cerebral ischemic events were reported in two (5%) cases.

Treatment regimens

At the acute phase, forty-five (79%) patients received systemic
corticosteroids (oral corticosteroids, n=23; intravenous corticosteroids
n=22; starting doses ranging from 10mg to 1mg/kg/day of prednisone
or equivalent before gradual tapering). Twelve (21%) patients received
immunosuppressants, including cyclophosphamide (n=8),
azathioprine (n=3) and methotrexate (n=1). Fibrinolytic agents and
ocular hypotensive therapy were prescribed in five (9%) and four (7%)
patients, respectively, while nine (16%) and 21 (38%) patients received
long-term anticoagulants or antiplatelets, respectively. Other
treatments consisted of antiparasitic drugs (n=1), plasma exchanges
(n=2) and intravenous immunoglobulins (n=1).

During follow-up, other treatments included imatinib (n=2),
hydroxyurea (n=2) and infliximab (n=1).

QOutcomes

Full details of patients' outcomes are provided in Table 2. Among
the 50 (88%) patients with available follow-up data (including 30 with
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FIGURE 2

Color fundus photography and spectral domain optical coherence tomography (SD-OCT) of a 43-year-old woman with eosinophilia and central
retinal artery occlusion (CRAO) in the left eye. (A) Color fundus photography illustrates a retinal whitening of the posterior pole indicative of a CRAO
with preservation of the cilioretinal artery. (B) SD-OCT shows hyperreflectivity in the temporal middle and inner retinal layer hyperreflectivity

consistent with CRAO and cilioretinal artery sparing.

more than three months of follow-up), the median follow-up after the
initial ophthalmic vascular manifestation was 10.5 [1-18] months. One
(3%) patient had a recurrence of ophthalmic vascular manifestation
(CRVO) and three (10%) patients had another vascular event (lower
limb deep vein thrombosis n=2, pulmonary embolism n=1). In all
cases, AEC was above 0.5 x10°/L at time of recurrence. At last follow-
up, only six patients (12%) achieved full recovery. Sixteen patients
(32%) achieved partial recovery, 23 patients (46%) stabilized once
under treatment, while the condition of the remaining five patients

(10%) worsened despite therapy. By comparison with patients with
arterial involvement, the rate of ophthalmic recovery was higher in
patients with either Purtscher’s retinopathy or venous involvement
(recovery achieved in 8/10 eyes with Purtscher’s retinopathy and in 4/5
eyes with venous involvement vs 18/53 eyes with arterial involvement,
p=0.019). Patients with venous involvement or Purtscher’s retinopathy
had a better visual acuity at last follow-up than patients with arterial
involvement (median logmar 0 [0-0], 1 [0-2.3] and 0.5 [0.2-0.8] for
patients with venous, arterial involvement and Purtscher’s retinopathy

TABLE 2 Outcomes of patients with ophthalmic vascular manifestations and eosinophilia.

All patients Arterial Venous Purtscher's
(n=57, 78 eyes) involvement involvement retinopathy
(n=46, 59 eyes) (n=5, 7 eyes) (n=6, 12 eyes)

Follow-up time (month) 10.5 [1-18] 11 [1-31] 8.5 [3.8-12] 6 [1-12]
Visual status at last follow-up (eyes)
Worsening 8 (10) 8 (14) 0 0
Stability 30 (38) 27 (46) 1 (20) 2 (20)
Partial recovery 22 (28) 14 (24) 0 8 (80)
Full recovery 8 (10) 4 (7) 4 (80) 0
Visual acuity at last follow-up (logmar) 0.5 [0-2] 1[0-2.3] 0 [0-0] 0.5 [0.2-0.8]
Ophthalmological complications 3 (10) 3(13) 0 0
Vascular ophthalmologic recurrence 1(3) 0 1(33) 0
Other outcomes (n = 30 patients)
Other vascular event 3 (10) 3(13) 0 0
Death 4(7) 3(7) 0 1 (20)

Data are reported as no. (%) or median [IQR].
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respectively; p= 0.038). Of note, the levels of baseline absolute
eosinophil counts did not correlate with long-term visual outcomes,
and there were no significant differences regarding the final visual
acuities of patients who received antiplatelets vs. anticoagulants as well
as in patients who received only corticosteroids vs. those who received
both corticosteroids and immunosuppressants (data not shown).

Three (10%) patients developed retinal neovascularization with
subsequent intravitreal hemorrhage during follow-up. During
follow-up, four patients died of pulmonary infection, MRSA-
induced septic shock, endomyocardial fibrosis and hepatitis (a
single patient each). Both patients who died of sepsis were treated
by systemic corticosteroids (in addition to methotrexate or
mepolizumab, a single patient each).

Focus on patients with EGPA

Thirty-two (57%) patients fulfilled MIRRA and/or ACR criteria
for EGPA (all without MPO-ANCA). In the latter patients,
ophthalmic vascular manifestations consisted of CRAO (17
patients, 21 eyes), BRAO (a single patient with unilateral
involvement), AION (8 patients, 11 eyes), PION (a single patient
with unilateral involvement), retinal vasculitis (3 patients, 4 eyes),
CRVO (a single patient with bilateral involvement) and BRVO (a
single patient with unilateral involvement). It was noteworthy that no
patient with EGPA had Purtscher’s retinopathy. Extra-ophthalmic
vascular manifestations included both eosinophilic-driven (e.g.
eosinophilc myocarditis or central nervous system involvement, a
single patient each) and vasculitic (e.g. mononeuritis multiplex n=18
patients and purpura, n=12 patients) manifestations. Among the 19
patients with available data, only five (26%) had mild elevation of C-
reactive protein (CRP) levels (<40mg/L).

The visual prognosis of EGPA patients was poor and the
median final visual acuity was 2 [0.1-2.4] logmar. Among the
fourteen patients with at least three months of follow-up, only
one patient recovered completely and three achieved partial
recovery, whereas two patients worsened and eight had a stability
of their visual acuity. Moreover, three patients (21%) had a new
vascular event during follow-up (lower limb deep vein thrombosis,
n=2; pulmonary embolism, n=1). None of the 32 EGPA patients
died during follow-up.

Discussion

Recent advances have led to the better understanding of the
mechanisms driving the pro-coagulant effects of eosinophils (26),
and reported cases of arterial and venous thrombotic manifestations
related to eosinophilia have increased (11, 15-17, 19). Likewise, the
spectrum of eosinophilia-related cardiovascular toxicity has now
broadened beyond the scope of eosinophilic cardiomyopathy (10).
Some studies have recently highlighted peculiar phenotypes e.g.,
thromboangiitis obliterans-like disease (14), eosinophilia-associated
coronary vasospasm (16) or ischemic strokes of border zone
distribution (17). Here, we shed further light on the diversity of
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eosinophil-induced vascular symptoms and report on various
ophthalmic vascular manifestations occurring within the full-
spectrum of eosinophil-related diseases, either as first disease
manifestation or during follow-up.

Intracardiac thrombus and peripheral arterial emboli were the
main features reported in the review of HES-related cardiovascular
manifestations reported by Ogbogu et al (10). Likewise, in the main
series of patients with HES, ophthalmic vascular manifestations
have rarely been reported (19, 27, 28), and mostly consist of case
reports or small case series (20-22). In their 2019 review of 189
patients with idiopathic eosinophilic vasculitis, Lefevre et al.
reported on only one case of CRAO and one case of retinal
vasculitis (12). Among 151 patients with FIP1L1::PDGFRA-related
HES, only one case of CRAO was reported (19) and in another
series of 26 patients with CD3°CD4" lymphocytic HES, none
presented with ophthalmic symptoms (27). Dupilumab-induced
Purtscher’s retinopathy with eosinophilia reported herein is in line
with dupilumab-induced eosinophilic vasculitis that our group has
previously reported (29). EGPA is the only eosinophil-associated
disease for which ophthalmic vascular manifestations have been
more extensively depicted, with predominant arterial involvement
and poor visual prognosis despite treatment with corticosteroids
(30, 31).

Here, we report on a wide variety of ophthalmic vascular
manifestations related to eosinophil-associated disorders, that
clustered into three main clinical pictures (i.e. arterial or venous
retinal occlusions and Purtscher’s retinopathy), with one in three
patients having bilateral involvement. There was no clear correlation
between the clinical picture and underlying eosinophil-related
diseases, supporting the fact that eosinophilia, whatever its cause,
can lead to ophthalmologic vascular toxicity. Nevertheless, both
clonal and lymphocytic HES were rare (one and two patients
respectively), and EGPA was never reported in the setting of
Purtscher’s retinopathy. Strikingly, other (and most often
concomitant) extra-ophthalmologic vascular manifestations related
to eosinophilia were reported in up to 15% of patients, including
organ or life-threatening events e.g., ischemic strokes, acute coronary
syndrome, gastrointestinal tract ischemia, or inferior vena cava
thrombosis. Although skin, lung and gastrointestinal symptoms are
the most frequent manifestations of HES, the latter is a multifaceted
disease and some patients have prominent vascular manifestations,
including catastrophic antiphospholipid syndrome-like presentation
(11). As expected (32-35), the visual prognosis was poor (with only
six patients achieving full recovery and significant loss of visual acuity
at last follow-up), especially in patients with ION or CRAO.

In this series, patients had few cardiovascular risk factors and no
major risk factor for venous thromboembolism, suggesting that
their ophthalmic manifestations indeed were the consequence of
eosinophil-related toxicity. There is strong evidence substantiating
the procoagulant effects of eosinophils and their direct toxicity on
the vascular endothelium. First, injury-induced venous thrombosis
is drastically reduced in both eosinophil-deficient and eosinophil-
depleted mice (2). Moreover, eosinophils are potent producers of
tissue factor (2-4), can produce procoagulant phospholipids and
activate factor XII, which both stimulate the intrinsic coagulation
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pathway (2). Eosinophils also release major basic protein (MBP), a
cationic protein that binds to thrombomodulin and thereby impairs its
anticoagulant effects (5, 6). Likewise, the discharge of cytotoxic granules
and pro-inflammatory mediators increases vascular permeability and
induce endothelial damage, both of which contribute to a procoagulant
state (26). Eosinophil extracellular DNA traps also promote platelet
activation (36, 37). Lastly, since EGPA accounted for more than half of
underlying eosinophil-related diseases, it is likely that underlying
vasculitis also contributes to the clinical picture. Nevertheless, patients
tested positive for MPO-ANCA were excluded from the study, and only
a minority of patients had histologic evidence (or strong clinical
surrogates) of vasculitis. Moreover, inflammatory markers tended to
be low, suggesting a direct pathogenic role of eosinophils rather than
systemic vasculitis (12).

As eosinophils seem to have a prominent role in the genesis of
ophthalmic vascular manifestations, prompt initiation of
eosinophil-targeted treatments is advisable to curb the deleterious
pathophysiological process and to prevent the advent of other
manifestations related to eosinophilia-related vascular toxicity.
Corticosteroids are the cornerstone of the management of most
eosinophilia-associated diseases (38-40). Here, 84% of patients
received corticosteroids, which are rapidly effective in most cases
(91%) except in a very limited number of well-defined conditions,
including drug-hypersensitivity, clonal HES, and paraneoplastic
eosinophilia (18). The use of corticosteroids has also seldom been
reported in Purtscher’s retinopathy or CRVO, as evidence is lacking
(33, 35). Although more than one third of patients received
immunosuppressants, it should be emphasized that, in both HES
and EGPA, there is no evidence that the adjunction of either
cytotoxic drugs or anti-interleukin 5 biologics to corticosteroids is
superior to corticosteroids alone at the acute phase (38, 40).
Nevertheless, as mepolizumab has demonstrated clinical efficacy
and substantial steroid-sparing effect in both EGPA and HES, it is

10.3389/fimmu.2024.1379611

likely that such treatment is beneficial on the long run in patients
with high dose steroid dependency and/or steroid-related side
effects (41-43).

CRAO presents a significant challenge in ophthalmology, as it
often leads to irreversible retinal damage within four hours of the
retinal artery occlusion. Unfortunately, there is currently no established
treatment or evidence-based therapy available for non-arteritic CRAO.
Numerous approaches have been attempted with the goal of dislodging
emboli and enhancing retinal blood flow through various procedures,
such as ocular massage, intraocular pressure reduction, isovolemic
hemodilution, anticoagulation, and intraarterial fibrinolysis. These
interventions have yielded poor visual outcomes (44, 45). Conversely,
a strict management of cardiovascular risk factors is encouraged to
manage CRVO (41), and there is no standard of treatment for
Purtscher’s retinopathy (35). Overall, both anticoagulants (at the
acute phase) and antiplatelets (on the long run) were also frequently
prescribed. As the only recurrence of ophthalmic vascular
manifestation occurred in a patient with persistent eosinophilia,
long-term normalization of AEC (thanks to treatment of the
underlying condition) is advisable and is likely to prevent the
recurrence of vascular manifestations. Of note is that in venous
thromboembolism related to eosinophilia, we have previously
demonstrated that anticoagulants could be safely withdrawn once
complete hematological response was obtained in the long run. A
suggested algorithm for the management of eosinophil-associated
vascular ophthalmic involvement is provided in Figure 3.

This study has several drawbacks, including missing data and
lack of standardized management within centers. Next, little follow-
up data was available from the cases retrieved from the literature
review, which possibly led to an underestimation of the risk of
recurrence. Lastly, given the retrospective design of the study, we
were unable to assess whether, besides AEC, other biological
parameters (including markers of eosinophil activation and

Visual symptoms + HE

workup for HE

Arterial involvement
(CRAO, BRAO, arterial vasculitis, AION, PION)

Venous involvement
(CRVO, BRVO)

Capillary involvment: Purtscher’s
retinopathy

]

Work-up:
Rule-out other diagnoses (GCA, cardiovascular
and embolic conditions)

i Yy ic corti i
‘ (0,5-1mg/kg/d, possibly preceded by methylprednisolone pulses) |

T

Steroid-sensitive HE
Treatment of the underlying disease
Steroid tapering over a 3-6 month period
Consider long-term normalization of AEC

FIGURE 3

Steroid-refractory HE
Reconsider the diagnoses of clonal HES, high-
grade lymphoma or solid malignancy

Suggested algorithm for the management of eosinophil-related ophthalmic vascular manifestations. HE, hypereosinophilia; CRAO, central retinal
artery occlusion; BRAO, branch retinal artery occlusion; AION, anterior ischemic optic neuropathy; PION, posterior ischemic optic neuropathy;
CRVO, central retinal vein occlusion; BRVO, branch retinal vein occlusion; GCA, giant cell arteritis.
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degranulation) could also correlate with outcomes.

Regardless of these limitations, this study - the first longitudinal
analysis dedicated to ophthalmic vascular manifestations occurring
during eosinophil-related diseases — emphasizes the fact that
eosinophilia (whatever the underlying disease) can lead to
ophthalmic vascular toxicity. It provides useful data for both
ophthalmologists and physicians involved in the field of
eosinophil-related disorders and suggests that, in a subset of
patients with otherwise unexplained ophthalmic vascular
manifestation and eosinophilia, long-term normalization of AEC
is advisable to prevent the recurrence of vascular manifestations.
Further large-scale studies are needed to confirm these preliminary
findings, and collaborative endeavors are welcome.
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2.3 STUDIES ON ANCA-ASSOCIATED VASCULITIDES

In the following chapters, multicenter collaborative studies on ANCA-associated

vasculitides will be presented. The studies included are as follows:

- Hospitalization rates and features of a large multicentric cohort of patients with

ANCA -associated vasculitis

- Overlapping Forms of Eosinophilic Granulomatosis with Polyangiitis and

Granulomatosis with Polyangiitis: Presentation, Management and Outcomes

- Validation of the Italian version of the ANCA-associated vasculitis patient-

reported outcome (AAV-PRO) questionnaire
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Hospitalization rates and features of a large multicentric cohort of patients with ANCA-associated vasculitis

Alvise Berti', Pamela Mancuso?, Silvia Sartorelli®, Elena Treppo*, Alessandra Bettiol®, Roberto Padoan®, Francesca Regola’, Sara
Monti®, Chiara Marvisi®, Alessandro Giollo®, Lorenza M. Argolini'®, Matteo Righini'', Angelica Gattamelata'?, Giulia Cassone™,
Laura Sottini'*, Matteo Maule's, Paola Toniati’, Bianca L. Palermo®, Federica Bello®, Silvia Guella*, Raffaella 1zzo'?, Francesco
Muratore®, Maria Grazia Catanoso?, Angelo Fassio™, Pierluigi Cataleta™, Andrea Buscaroli'', Marta Ottone?, Paolo Giorgi Rossi?,
Franco Franceschini’, Roberto Caporali’®, Carlomaurizio Montecucco®, Fabrizio Conti'?, Giacomo Emmi° Luca Quartuccio®,
Giuseppe Paolazzi'4, Lorenzo Dagna®, Franco Schiavon®, Carlo Salvarani®, Roberto Bortolotti'.

'CISMED - University of Trento, Trento, Italy; 2USL-IRCCS of Reggio Emilia, Reggio Emilia, Italy; *UniRAR, San Raffaele Institute,
Milan, Italy; “University of Udine, Udine, Italy; *University of Florence, Florence, Italy; SUniversity of Padua, Padua, Italy; "University
of Brescia, Brescia, Italy; 8University of Pavia, Pavia, Italy; *University of Modena-Reggio Emilia, Reggio Emilia, Italy; "°’ASST G.
Pini-CTO, Milan, Italy; ""Ospedale S. Maria delle Croci, Ravenna, ltaly; '?Sapienza University, Rome, Italy; "*University of Modena-
Reggio Emilia, Modena, Italy; *APSS Trento, Trento, Italy; "*University of Verona, Verona, Italy.

Background/ Objectives: To determine hospitalization rates and features in a large cohort of patients with antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitis (AAV).

Methods: Hospitalization dates, features, length of stay, primary discharge diagnoses and patient data were abstracted from
charts of AAV patients from 13 Italian hospitals, between 2007 and 2018. Age- and sex-standardized hospitalization rates (SHR)
were calculated by an indirect method, per year and for the study period, using the 2007-2018 hospitalization data provided by the
Italian Ministry of Health. Multivariable and survival models were used to explore associations between these outcomes, clinical
parameters at diagnosis, and pre-existing comorbidities.

Results: A total of 610 hospitalizations occurred during follow up 47.1% of the 635 patients with AAV (19.4% microscopic
polyangiitis, MPA; 34.6% granulomatosis with polyangiitis, GPA; 46.0% eosinophilic GPA, EGPA) during a 12-year observation;
in 19.8% for life-threatening conditions and leading to death in 2.3%. The median hospitalization length was 8 days (25-75%IQR,
8-14).

These rates of hospitalization were stably higher in
AAV and GPA, MPA and EGPA subsets as compared to
general population (2018 SHR (95%ClI) for AAV: 1.64
(1.35, 1.97); Figure 1A: Age- and sex-SHR by year
during 2007-2018).

The main causes of hospitalization in patients with
AAV were infectious diseases (18.7%), followed by
major relapse and diagnostic re-evaluation (17.2%
each), and cardiovascular diseases (10.8%). Among
AAV patients hospitalized during follow-up, 55.5% had
only 1 hospitalization, 18.7% had 2, and 25.6% had 3
or more hospitalizations. Patients with a diagnosis of
GPA or MPA (versus EGPA), higher vasculitis activity
(assessed by BVAS), ANCA positivity at diagnosis,
and hospitalization at diagnosis (p<0.001), more
pre-existing comorbidities and older age (p<0.05),
were more likely to be hospitalized during follow-up
(Figure 1B: Kaplan-Meier plots of the probability of
hospitalization after AAV diagnosis). In a multivariate
model, only GPA diagnosis (b coefficient (2.5%-97.5%
Cl): 0.564 (0.258-0.871)) and higher BVAS at diagnosis
(0.038 (0.017-0.058)) were independent predictors of
hospitalization during follow-up (both p<0.0001).

Conclusions: Patients with AAV experience higher
rates of hospitalization than the general population.
Approximately half of the patients is hospitalized during
follow-up, with identified risk profiles of patients more
likely to be hospitalized, requiring more active vigilance.

References: Wallace, Z. et al. Arthritis Care Res.
2016.
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is now an employee of Bristol Myers Squibb.
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(GPA), microscopic polyangiitis, and eosinophilic granulomatosis with polyangiitis (EGPA). Although
these entities are often easily distinguished in daily practice, some cases may be more difficult to
identify. Hence, the identification of overlapping forms between GPA and EGPA may be crucial due to
different organ damage and therapeutic approaches. We aimed to describe the existence of
overlapping forms of EGPA and GPA, phenotype, severity and therapeutic management.

Methods: We conducted a European multicenter retrospective study in 34 centers to include
patients with overlapping forms of EGPA and GPA. Patients were defined as follows: 1) patients
fulfilling both ACR/EULAR 2022 criteria for GPA and EGPA; 2) patients fulfilling ACR/EULAR 2022
criteria for EGPA with PR3-ANCA and/or pulmonary nodules; 3) patients fulfilling ACR/EULAR 2022
criteria for GPA with eosinophilic count >1000/mm?; 4) patients with AAV who do not meet
ACR/EULAR 2022 criteria for EGPA and GPA but have both PR3-ANCA and eosinophilia >1000/mm?.

Results: A total of 137 patients with overlapping forms (males in 62.8%, median age 52.5 [IQR 42.2-
63] years) were analyzed. The main clinical manifestations were constitutional symptoms (70.8%),
ENT involvement (83.9%) (mainly sinusitis, nasal crusts or polyposis), lung nodules (55.5%) sometimes
excavated, asthma (55.5%), alveolar hemorrhage (19.7%), cutaneous involvement (51.8%). Renal
injury was observed in 48.2%, peripheral neuropathy in 39.4%, cardiac involvement in 24.1%,
gastrointestinal involvement in 16.8% and central nervous system involvement in 8% (mainly
ischemic stroke). ANCA were found in 80.3%, as PR3-ANCA in 61.3% and MPO-ANCA in 19%, and
median eosinophil count was 6000/mm?3 [IQR 2500-10000]. Five factor score was >1 for 17 patients
(12.4%). Induction therapy consisted of high-dose glucocorticoids in 134 patients (97.8%), preceded
by methylprednisolone pulses in 47.4%, combined with cyclophosphamide in 42.3%, rituximab in
16.8%, plasma exchange in 8%, and mepolizumab in 2.2%. Remission was achieved in 93.4%, and
maintenance therapy consisted in azathioprine (29.2%), methotrexate (13.9%), rituximab (12.4%) and
mepolizumab (4.4%). Six (4.4%) more patients received mepolizumab during the follow-up. Relapse-
free survival was 84.7% at 1 year and 54.7% at 5 years, and relapses occurred after a median of 24.9
months [IQR 8.5-47]. Relapses were mainly pulmonary in 55.4%, ENT in 45.9%, and neurological in
24.3%. In these EGPA/GPA forms, ENT signs was the only variable associated with relapse (OR 4.7
[1.3-19.8]), while age < 65 years, female, PR3-ANCA, and asthma tended to be not associated. Death
occurred in 20 patients (14.6%).
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Conclusion: Overlapping forms of EGPA and GPA may occur, sharing complications of both primary
forms. Relapses seem to be frequent and mainly affect lungs, ENT and nerves. Rituximab has rarely
been used in these forms despite the features of GPA, probably due to the frequent diagnosis of
EGPA. A cluster analysis is underway to better characterize the patient population within this group
and potentially different prognosis.
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Abstract

Objectives: The primary objective of this study was the translation and validation of the ANCA-associated vasculitis patient-reported outcome
(AAV-PRO) questionnaire into Italian, denoted as AAV-PRO_ita. The secondary objective was to evaluate the impact of ANCA-associated vasculi-
tis (AAV) on quality of life (QoL) and work impairment in a large cohort of Italian patients.

Methods: The study design took a prospective cohort study approach. First, the AAV-PRO was translated into Italian following the step guide-
lines for translations. The new AAV-PRO_ita questionnaire covered three disease domains: organ-specific and systemic symptoms and signs;
physical function; and social and emotional impact. Second, Italian-speaking AAV patients were recruited from 17 Italian centres belonging to
the ltalian Vasculitis Study Group. Participants completed the AAV-PRO_ita questionnaire at three time points. Participants were also requested
to complete the work productivity and activity impairment: general health questionnaire.

Results: A total of 276 AAV patients (66.5% women) completed the questionnaires. The AAV-PRO_ita questionnaire demonstrated a good in-
ternal consistency and test-retest reliability. Female AAV patients scored higher (i.e. worse) in all thee domains, especially in the social and
emotional impact domain (P<0.001). Patients on glucocorticoid therapy (n=199) had higher scores in all domains, especially in the physical
function domain (P< 0.001), compared with patients not on glucocorticoid therapy (n=77). Furthermore, patients who had at least one relapse
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of disease (n=114) had higher scores compared with those who had never had one (n=161) in any domain (P< 0.05). Finally, nearly 30% of
the patients reported work impairment.

Conclusion: The AAV-PRO_ita questionnaire is a new 29-item, disease-specific patient-reported outcome measuring tool that can be used in
AAV research in the Italian language. Sex, glucocorticoids and relapsing disease showed the greatest impact on QoL.

Lay Summary

What does this mean for patients?

Improved therapeutic strategies for ANCA-associated vasculitis (AAV) have transformed acute, life-threatening disease into more manageable,
chronic disease. However, chronic disease still has an impact on AAV patients’ quality of life (QoL), employment and work disability. We trans-
lated the AAV-PRO questionnaire (which collects data on patient-reported outcomes) into Italian. Two hundred and seventy-six AAV patients in
Italy then completed the questionnaire. We found that biological sex, steroid use and relapsing disease had the biggest impact on patients’
Qol. Research on treatment strategies based on a steroid-sparing regimen and an increased awareness of sex differences might improve the
perceived QoL of AAV patients, reducing the psychosocial and work impact of this chronic disease. Our study emphasizes the usefulness of
user-friendly, translated questionnaires in standardizing QoL and work disability data in different groups of AAV patients. Therefore, we advo-
cate the widespread use of the AAV-PRO questionnaire globally. This approach would enable us to gather comprehensive data, ultimately facili-

tating a more tailored approach to care for AAV patients.

Keywords: AAV-PRO, ANCA, vasculitis, patient-reported outcome, quality of life, questionnaire, work impairment, glucocorticoids.

Key messages

retest reliability.

* AAV-PRO_ita questionnaire is a disease-specific patient-reported outcome measuring tool with good internal consistency and test—

* Translated AAV-PRO questionnaires may be included routinely in the clinical evaluation of AAV patients worldwide.
* Sex, glucocorticoids and relapsing disease may influence the quality of life of patients.

Introduction

ANCA-associated vasculitis (AAV) is a group of systemic dis-
orders involving small-sized blood vessel vasculitis [1, 2].
AAV is a rare disease and encompasses three different enti-
ties, namely granulomatosis with polyangiitis (GPA), micro-
scopic polyangiitis (MPA) and eosinophilic granulomatosis
with polyangiitis (EGPA).

Considering the improved therapeutic strategies, AAV has
evolved mainly from an acute and severe disease to a chronic
one, and although the prognosis has improved greatly over
the years, patients suffer from the long-term consequences of
the disease and its treatment, which, although life-saving, is
often associated with significant side effects [3]. Recent
papers on AAV have underscored the importance of patient-
reported outcomes (PROs) in routine medical evaluation and
clinical trials [4]. Given that generic PROs can lack specific-
ity, the OMERACT Vasculitis Working Group identified the
need for an AAV-specific PRO to capture the perspective of
patients fully. An international steering committee compris-
ing patient partners, methodologists, statisticians and clini-
cians from the UK, USA and Canada developed and validated
a new disease-specific PRO, in line with guidance from the
US Food and Drug Administration [5, 6]. The ANCA-
associated vasculitis patient-reported outcome (AAV-PRO)
questionnaire is the new disease-specific PRO measure for
AAV. Tt is a 29-item disease-specific PRO measure in the
English language, proving to be valid, reliable, feasible and
able to discriminate among disease states. AAV-PRO could
become an extremely useful tool to support physicians in
their choice of treatment and to investigate the point of view
of patients on disease activity [7].

Methods
Objectives

The primary objective of this study was to translate and to as-
sess the internal consistency, feasibility and reliability of the
Italian version of the AAV-PRO questionnaire (AAV-PRO_ita).

The secondary purpose was to describe, for the first time, a
large cohort of Italian AAV patients, by taking into account
three disease domains in the questionnaire {organ-specific
and systemic symptoms and signs (SSS); patients’ difficulties
in daily life [physical function (PF)]; and social and emotional
impact (SEI), including concerns about the future} and by de-
scribing the impact of AAV on work productivity/impairment
through the simultaneous administration of the work produc-
tivity and activity impairment: general health (WPAI: GH)
questionnaire.

Study design

This study had a prospective multicentre observational co-
hort design. The study complied with established standards
for translation, cross-cultural adaptation and validation of
questionnaires, following the step guidelines for translations
of the Clinical Outcomes at Oxford University Innovation.
Endorsement from the Faculty of Health and Applied
Sciences, University of the West of England, Bristol, UK,
University of Bristol School of Clinical Science, Bristol, UK
and the University of Oxford, Nuffield Department of
Population Health (HSRU), Oxford, UK was obtained.

Inclusion criteria and data collection

Participants had to have been diagnosed with AAV, be native
speakers of Italian, be aged >18 years and fulfil the following
conditions: confirming that they had AAV; having received
either a positive test result for ANCA or a diagnostic biopsy
or an angiogram; and currently or previously taking gluco-
corticoids or one or more other immunosuppressant.

The disease phenotype was defined according to the
Chapel Hill Consensus nomenclature, and EGPA patients
were also included. ANCA testing was done by standard IIF
assay for cANCA and pANCA. PR3 and MPO testing was
done by direct ELISA with commercially available kits at the
local laboratory. The disease activity was evaluated using the
BVAS version 3 (BVASv3). The disease damage was evalu-
ated using vasculitis damage index (VDI). The baseline was
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defined as time 0, corresponding to the first self-completed
29-item AAV-PRO_ita questionnaire.

Participants were recruited from 17 Italian centres with ex-
tensive experience in the diagnosis and treatment of systemic
vasculitis, including AAV, and belonging to the Vasculitis
Study Group of the Italian Society of Rheumatology.
Participants were aware of the nature of the study, its pur-
pose and procedures before they decide to participate.

Each AAV participant self-completed the 29-item AAV-
PRO_ita candidate questionnaire during a clinical evaluation
(time 0). Five to seven days after they provided baseline
responses, participants were sent a repeat 29-item AAV-
PRO_ita questionnaire (test—retest). Finally, after 3 months,
all participants were again sent the same 29-item AAV-
PRO_ita questionnaire. At baseline and after 3 months, AAV
participants also self-completed the WPAI: GH question-
naire. The WPAI: GH questionnaire is available here: http://
www.reillyassociates.net/ WPAIGH__Italian-Italy_.pdf, and it
allows researchers to examine the extent of absenteeism, pre-
senteeism and impairment in daily activities [8].

Statistical analysis

Descriptive statistics included frequency analyses (percentages)
for categorical variables and the mean (s.p.), median and inter-
quartile range (IQR) for quantitative variables. Categorical
variables were compared using the 3> test or Fisher’s exact
test, whereas continuous variables were compared using un-
paired Student’s #-test or the Mann—Whitney U-test for two
groups, and one-way ANOVA or the Kruskal-Wallis test for
more than two groups, according to the Shapiro-Wilk test
establishing whether data were normally or non-normally dis-
tributed. Correlations between continuous variables and do-
main scores were assessed with Spearman’s correlation
coefficient (r). Regarding missing data, owing to the small per-
centage of this occurrence, statistics were carried out omitting
the cases with missing values. All the analyses were assessed
using StataCorp. 2023 (Stata Statistical Software: Release 18,
StataCorp LLC, College Station, TX).

Additional details regarding the study procedures and sam-
ple size calculation are reported in the Supplementary Data S1,
available at Rheumatology Advances in Practice online.

Compliance with ethical standards

The study was performed in accordance with the principles of
the Declaration of Helsinki and Good Clinical Practice guide-
lines, and the Department of Medicine Institutional Review
Board (IRB) has approved the study (protocol no. 091/2021).

Results
Study population

A total of 276 participants were enrolled from 17 centres. The
median age was 61 (IQR 51.5-71.6) months, and they were pre-
dominantly female (156, 56.5%). The types of AAV were GPA
(146, 52.9%), EGPA (77, 27.9%) and MPA (53, 19.2%). The
ANCA titre was still positive in 108 (39.1%) patients, whereas
at disease onset ANCAs were positive in 247 (89.5%) patients
[134 of 247 (54.3%) PR3/cANCA and 113 of 247 (45.8%)
MPO/pANCA]. The median BVASv3 at baseline was 0 (IQR 0-
3), whereas the median BVASv3 at the onset of the disease was
13 (IQR 8-18). Participants had a median illness duration of 62
(IQR 23.8-118.5) months. In their previous medical history, the
percentages of patients who experienced at least one relapse,

one hospitalization and one severe infection were 41.7, 53.3 and
22.1%, respectively. More than three-quarters of the patients
(81.2%) were on immunosuppressant therapy, and 68.8% were
still receiving a low dose of glucocorticoids. One hundred and
fifty-five of 276 (56.2%) participants belonged to the working-
age population, of whom 104 of 155 (67.1%) were in work
(Supplementary Fig. S1, available at Rheumatology Advances in
Practice online). Three of 276 participants died before complet-
ing the questionnaire at the third month owing to an infectious
disease (two of three with severe acute respiratory syndrome co-
ronavirus 2 infection and one of three with an unknown infec-
tion). Demographic and clinical characteristics of participants at
baseline are shown in Table 1 and Fig. 1.

Measurement properties of AAV-PRO _ita
questionnaire

The AAV-PRO_ita questionnaire was self-completed by all
276 participants at baseline, by 268 of 276 (97.1%)

Table 1. The demographic and clinical characteristics of survey
participants at baseline (time 0)

Demographic characteristics n=276 (%)

Female 156 (56.5)

Male 120 (43.5)

Age, median (IQR), years 61 (51.5-71.6)

Age group
<45 years 44 (15.9)
>45, <60 years 93 (33.7)
>60, <75 years 99 (35.9)
>75 years 40 (14.5)

Ethnicity
Caucasian 272 (98.5)
Asian 2(0.7)
African-American 1(0.4)
Hispanic 1(0.4)

Type of AAV
GPA 146 (52.9)
EGPA 77 (27.9)
MPA 53(19.2)

BVASv3, median (IQR) 0 (0-3)

VDI, median (IQR) 2 (1-4)

On glucocorticoid therapy 199 (72.1)

On immunosuppressant therapy 224 (81.2)
Rituximab (7 =224) 73 (32.6)
Methotrexate (n=224) 60 (26.8)
Azathioprine (n=224) 43(19.2)
Mycophenolate Mofetil (n=224) 23(10.3)
Cyclophosphamide (7 =224) 5(2.2)
Others (n=224) 20 (8.9)

Time from diagnosis, median (IQR), months 62 (23.8-118.5)

Number of relapses of disease

0 161 (58.3)
1 69 (25)
>2 46 (16.7)

Number of hospitalizations
0 129 (46.7)
1 107 (38.8)
>2 40 (14.5)

Number of severe infectious
0 215 (77.9)
1 50(18.1)
>2 11 (4)

Working-age patients 155 (56.

(

Employed patients (n=155)

AAV: ANCA-associated vasculitis; BVASv3: BVAS version 3; GPA:
granulomatosis with polyangiitis; IQR: interquartile range; MPA:
microscopic polyangiitis; VDI: vasculitis damage index.
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Figure 1. Clinical domains of Italian cohort of ANCA-associated vasculitis
patients at baseline n=276. AAV: ANCA-associated vasculitis; CNS:
central nervous system; PNS: peripheral nervous system; ENT: ear,
nose, throat

participants after 5-7 days, and by 266 of 273 (97.4%) par-
ticipants at month 3.

The rate of missing response was 1.8% (432 missing
responses out of a total of 23925 questions). Cronbach’s «
ranged from 0.81 to 0.93 (Supplementary Table S1, available at
Rheumatology Advances in Practice online). The test-retest reli-
ability was 0.95 (95% CL: 0.93, 0.96), 0.94 (95% CI: 0.93
0.95) and 0.95 (95% CI: 0.94, 0.96) in the three disease
domains of the questionnaire, respectively (Supplementary
Table S2, available at Rbheumatology Advances in Practice on-
line). The responses to the 29 items at baseline, divided into the
three disease domains (SSS, PF and SEI) are shown in Fig. 2.

Comparison between the AAV-PRO_ita domain
scores and demographic and clinical features

There were statistically significant associations between sex,
current CS therapy, previous disease relapse and higher
scores at baseline. In detail, scores for female patients were
higher than those for male patients in all domains (SSS:
P=0.047; PF: P-value=0.005; SEI: P <0.001). There were
also differences between patients on CS therapy (z=199)
and patients without CS therapy (z=77); in fact, the former
had higher scores in all domains (SSS: P=0.03; PF:
P < 0.001; SEI: P-value =0.005). Furthermore, patients who
had at least one relapse of the disease (7 =114) had higher
scores compared with those who had never had one (z=161)
(SSS: P=0.013; PF: P=0.015; SEI: P=0.029). No associa-
tions were found between CS therapy and previous relapses
(P=0.550) or between CS therapy and previous severe infec-
tious (P =0.217).

In contrast, there were no differences in median scores be-
tween younger and older responders and across AAV sub-
types (GPA, MPA and EGPA). Disease duration, previous
hospitalizations and/or infections, BVASv3 and VDI at base-
line did not influence the scores. The statistical values for
continuous variables are shown in Supplementary Table S3
and the statistical values for non-continuous variables in
Supplementary Table S4, both available at Rheumatology
Advances in Practice online.

Work productivity and activity impairment: general
health questionnaire

Among the 104 working participants, 86 of 104 completed
the WPAIL: GH questionnaire at baseline and 83 of 104 at the
third month. At baseline and at month 3, the percentage of
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absenteeism was 15% (s.D. 30%) and 8% (s.D. 23%), respec-
tively. In other words, patients were absent from work on av-
erage 6 and 3h per week. The percentage of presenteeism
was 22% (s.p. 27%) both at baseline and at month 3. The
percentage of overall work impairment was 30% (s.p. 31%)
(at baseline) and 27% (s.p. 29%) (at month 3), and the per-
centage of activity impairment was 36% (s.p. 30%) (both at
baseline and at month 3).

Considering the WPAIL: GH questionnaire at baseline, the per-
centage of activity impairment was correlated with a higher
score in the PF domain of AAV-PRO_ita [Spearman’s correla-
tion coefficient (r>0.7 is strong correlation), r=0.72,
P < 0.001] and with the ongoing use of CS therapy (P =0.023).

Discussion

The AAV-PRO_ita is a new 29-item, disease-specific PRO mea-
sure useful in AAV research in the Italian language. This study
describes the underlying structure of the final AAV-PRO_ita. It
has three disease domains that investigate the impact of symp-
toms, patients’ difficulties related to physical function and their
concerns in daily life. Each domain had good internal consis-
tency (Cronbach’s o ranged from 0.81 to 0.93) and good test—
retest reliability (intraclass correlation coefficients ranged from
0.94 to 0.95). Item response rates were high overall (maximum
of 1.8% missing data), supporting the feasibility of the
questionnaire.

The female sex scored higher (i.e. worse) in all three
domains, especially the SEI domain (P < 0.001), in all three
stages of questionnaire self-completions (at baseline, after 5—
7 days and after 3 months) (Fig. 3). The scores were not influ-
enced by AAV phenotype or disease duration. These results
are comparable to those found by Robson et al. [6], thus sup-
porting the validity of a sex-based approach in AAV research
[9]. Considering that disease activity was similar in our co-
hort [BVASv3: 0 (IQR 0-3)], the differences observed be-
tween sexes might have a clinically meaningful impact.
Recognizing the emotional and psychological aspects of liv-
ing with a chronic disease and promoting open and effective
communication between health-care providers and female
patients could serve as an example of a sex-based approach.
In addition to classical treatment strategies, integrating psy-
chological therapy into the care plan could provide essential
emotional support, aid in accepting the chronic nature of the
condition and help patients to deal with the unique psycho-
logical aspects of their journey. Health-care providers should
also stay informed about the research related to sex-specific
considerations in chronic disease management. First, not all
patients with the same chronic disease will have identical
experiences, as exemplified by differences in the perception of
chronic pain among men and women; this diversity should be
taken into account [10]. Second, sex also contributes to bio-
logical differences in innate and adaptative immunity. Recent
evidence shows that biologics that stimulate immune function
(e.g. vaccines) are generally more efficacious in females than
males, and therapies that repress immunity (e.g. checkpoint
inhibitors and TNF inhibitors) are more effective in males
than females [11].

Current treatment and previous relapses also influenced
the results of the questionnaire. Patients on CS therapy and
those who experienced at least one relapse of the disease had
higher scores in all domains. These findings had not been in-
vestigated in the previous validation study of the English
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Figure 3. Representation of the mean scores of females and males for
each item of the AAV-PRO_ita questionnaire n=276. Light blue frame:
organ-specific and systemic symptoms and signs (items 1-11); turquoise
frame: physical function (items 12-16); green frame: social and emotional
impact (items 17-29)

questionnaire [6]. Conversely, in the validation study of the
English questionnaire [6] and in the preliminary evaluation of
our questionnaire [12], older participants (>65 years old)
had higher scores in the PF domain (P < 0.05), and younger
participants (<635 years old) showed a trend of higher scores
in the SEI domain; however, these data were not confirmed

by our final results. The VDI and BVASv3 did not appear to
be related to the AAV-PRO_ita scores (r < 0.3, i.e. weak cor-
relation), suggesting that the perspective of physicians and
patients might be very different [7]. This lack of correlation
was also confirmed recently by another study [13], encourag-
ing the role of AAV-PRO as an additional and complemen-
tary endpoint to traditional clinical instruments (i.e. BVAS
and VDI) in clinical trials [14]. It might be assumed that
patients who required more CS therapy had a more severe
disease; however, both VDI and immunosuppressant therapy
were not associated with worse AAV-PRO_ita scores. Given
the remission status or low disease activity within the cohort,
the doses of glucocorticoids were low, making it impractical
to categorize patients based on low, medium or high CS
doses. Furthermore, there were no associations between on-
going CS therapy and previous relapses. Adverse effects re-
lated to glucocorticoid therapy are also likely to be connected
to this finding, further emphasizing the global need for a new
CS-sparing approach in AAV.

A recent review [15] highlighted that patients with vasculi-
tis are most affected physically by fatigue, psychologically by
anxiety, socially by reduced social participation and finan-
cially by functional decline and reduced employment.
Furthermore, a recent Mexican study [16] reported that wor-
ries about the future scored highest on the Spanish-translated
version of the AAV-PRO questionnaire. These findings also
emerged in the AAV-PRO_ita questionnaire. Globally, our
Italian questionnaire revealed patients’ concerns about



general life issues (item 20), the future (item 19) and long-
term treatment (item 29). More than half of patients claimed
to be sometimes, often or always worried about the future
(58.7%; item 19), about the effects of treatment (47.5%;
item 29) and being on the whole stressed (51.5%; item 20) at
baseline (Fig. 2). Overall, the SEI domain obtained the high-
est scores, supporting a poorly investigated malaise in AAV
patients. As in other systemic autoimmune diseases, the per-
ception of the patient’s QoL is most likely to be influenced by
the chronicity of the disease. With new treatments and in-
creased survival, AAV has largely become a chronic condi-
tion, with the resulting impact on patients’ daily lives.
Concerning the SSS domain, the main symptoms reported by
patients were fatigue (item 9), arthralgia (item 6), myalgia
(item 7) and dyspnoea (item 1). About one-third of patients
classified their respiratory and muscle symptoms as mild,
moderate or severe. Approximately 45% and 42% of
patients complained of fatigue and arthralgia, respectively. In
particular, nearly one-third of patients classified fatigue as
moderate or severe, which indicates that it has a significant
role in the psychosocial impact of this illness. Currently, there
is no specific treatment for fatigue, and fatigue is not
addressed in the current management guidelines [17], and
this represents a case of unmet needs in AAV [7]. With regard
to the PF (i.e. the second domain), one-third of patients found
it impossible or extremely difficult to engage in sport or phys-
ical activity (item 14). Furthermore, in a sub-analysis, no sig-
nificant association was observed between higher scores in
the PF domain and the presence of residual neuropathic dam-
age (P=0.383). These results highlight the influence and im-
portance of both clinical and bio-psychosocial factors in the
perception of life quality.

The impact of work disability is another interesting aspect
of AAV deserving further attention. Overall, there were 155
working-age patients, but only 67.1% of them worked. It is
likely that AAV might have played a role in this employment
rate [18, 19]. A recent Australian study, in which the WPALI:
specific health problem questionnaire was administered in 47
AAV patients, reported that ~25% of responders left paid
employment owing to their illness and almost 50% of
patients had their financial status impacted [19]. Heron et al.
[19] found a rate of work disability of 23.4% and observed
how work impairment was associated with obesity, lower ed-
ucation and fatigue [20]. Similar to our data, the Australian
authors did not find a correlation between BVASv3 and VDI.
However, there is no widely accepted definition of work dis-
ability; thus, the methods for measuring work disability vary
from study to study, making direct comparison between stud-
ies and patient groups difficult. Furthermore, to date, few
published studies have investigated the impact of work dis-
ability in a patient population with systemic vasculitis. In a
recent French study, the EXPOVAS study [18], which in-
cluded 94 patients, the rate of work disability was as high as
40%. An online survey-based study [21] involving 421 North
American AAV patients found that 26% of participants be-
came permanently unable to work or had to retire early ow-
ing to vasculitis, and the reported mean productivity loss was
7%. In the Australian AAV cohort [19], 10.1% of patients
reported missing work in the previous week. This figure is
similar to that of our Italian cohort, where absenteeism was
~8-15% across the two questionnaire completions. The
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mean activity impairment from our cohort and the Australian
cohort was 36% (s.p. 30%) and 26.4% (s.p. 23.6%), respec-
tively. In our study, the percentage of activity impairment
seemed to be related to ongoing CS therapy, suggesting once
again that CS-sparing approaches could improve AAV man-
agement and patients’ QoL. It is also interesting to compare
work inability in AAV with that of other rheumatic diseases,
such as chronic arthritis. In a previous paper [22], in which
the WPAIL: GH questionnaire had been administered to a
group of Czech patients with arthritis, absenteeism ranged
from 8% of patients with RA to 10% of patients with AS,
reaching a peak of 20% in patients with PsA owing to the
time-consuming treatment and care involved (e.g. photother-
apy). Compared with RA and AS, the loss of productivity in
our cohort appeared to occur to a lesser extent [22] (Fig. 4).
It could be assumed that arthritis influences work productiv-
ity more owing to physical impairment. However, neither a
DAS in 28 joints [22] nor BVASv3 seemed to be correlated
with WPAIL: GH. In contrast, the HAQ and the PF domain of
the Italian AAV-PRO_ita questionnaire proved to be corre-
lated with work impairment in RA and AAV, respectively.
The association between the PF domain of AAV-PRO_ita
and work impairment tested by WPAI: GH corroborates the
validity of our results. These data suggest an additional evalu-
ation of the impact of the AAV disease on work activity.
Further investigation is required to explore this interesting
topic and to investigate further the issue of the QoL in
AAV patients.

Strengths and limitations

This study has several strengths. It benefits from a robust
sample size, allowing for a comprehensive and statistically
meaningful assessment of the performance of the question-
naire. The large number of patients enhances the generaliz-
ability of the findings obtained. Additionally, the rigorous
methodology adopted in the validation process ensures the
reliability and validation of the questionnaire in assessing
QoL among AAV patients and helps to clarify which factors
might influence it. Furthermore, the absence of an association
between the AAV-PRO_ita questionnaire and current clini-
cian instruments, namely VDI and BVAS, supports the idea
that this questionnaire complements the overall assessment of
AAV patients.
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Although the study demonstrates several strengths, it is not
without limitations. Potential limitations are the missing data
within the cohort and the design of the study. First, missing
data arise from non-response by some participants, introduc-
ing a bias in the completeness of the analysis. Second, the
study might provide a snapshot of the QoL but not capture
the dynamic changes that can occur over time. Nevertheless,
it is worth noting that the rate of missing response was low,
and further studies can deepen the understanding of varia-
tions in the perception of life within AAV cohorts over time.

Conclusions

The AAV-PRO_ita is a new 29-item, disease-specific PRO mea-
sure to be used in AAV research in the Italian language. It is a
self-administered Italian questionnaire with a good internal con-
sistency, feasibility and reliability. AAV-PRO_ita proved to be a
useful tool to explore the perception by AAV patients of their
QoL, and it could become an important way of measuring the
unmet needs of AAV patients. Nowadays, concerns in daily life
seem greatly to influence the health-related QoL of AAV
patients, especially in female and working patients. Loss of em-
ployment and capacity to work is likely to contribute to loss of
one’s status in society, social status and adverse economic con-
sequences for individuals and society at large. These findings
also support the validity of research on treatment strategies
based on a CS-sparing regimen, showing that patients on a
chronic CS therapy had a negative perception of their QoL and
working life. Moreover, as with other systemic autoimmune dis-
eases, the problems of fatigue and chronic pain still represent an
open challenge for physicians.

This study argues for the need to use validated and user-
friendly questionnaires on both QoL and work impairment in
order to standardize the results obtained in the different
cohorts of AAV patients. In particular, the AAV-PRO ques-
tionnaire is easy to use, self-administered, and its translations
could be disseminated and included routinely in worldwide
clinical evaluation of AAV patients.
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