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CHAPTER 1. SYSTEMIC VASCULITIDES

1.1. Introduction

Blood vessels constitute the peripheral part of the circulatory system that flow blood
throughout the human body, providing nourishment and help in fighting diseases and
maintaining homeostasis. Vascular destruction compromises the sustainability of life
since all human organs rely on their functionality. The inflammatory endothelial injury
is @ major cause of cardiovascular morbidity and mortality in the general population,

but still not adequately understood.

Systemic Vasculitides (SV) represent a heterogeneous group of systemic, chronic and
potentially life-threatening autoimmune/autoinflammatory diseases of unknown
etiology, which serve as an excellent disease model for CVD of inflammatory origin.
Their hallmark is the partial, focal or diffuse inflammatory mediated affection of any
type (arteries, veins) and size (aorta and its main branches to arterioles, venules and
capillaries) of blood vessels, leading, if untreated, to their destruction. The inflamed
vascular wall becomes prone to be occluded, form aneurysms, rupture or develop a
thrombus, thus leading to ischemia and necrosis of multiple organs including kidneys,
lungs, central nervous system, heart, eyes, musculoskeletal and skin. They can be
primary or develop in the setting of other medical conditions including infections (e.g.
hepatitis C, HIV), systemic autoimmune rheumatic diseases (e.g. rheumatoid arthritis,
systemic lupus erythematosus, seronegative spondyloarthropathies, Sjogren’s
syndrome), malignancies (e.g. lymphomas, myelodysplastic syndromes, solid tumors)
and drugs (e.g. propylthiouracil, hydralazine, leukotriene receptor antagonists). The
Chapel Hill Consensus Conference proposed a nomenclature system which subdivides
vasculitides according to vessel size (large, medium and small) predominantly involved

and the association with ANCAs (1).

Although their prevalence varies significantly among different ethnic groups, they are
uncommon but not rare in Western countries affecting overall 1 in 2000 adults. All age
groups can be affected extending from childhood and early adulthood (e.g KD, HSP,
TAK) to middle aged and elderly individuals (AAV, GCA and PAN) (2). According to
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previous studies systemic vasculitides have a 12% mortality, whereas their recurrence
rate ranges from 10 to 50% (Table 1.1) (3). In necrotic SVV, premature deaths are
mainly attributed to microvascular complications from the kidneys (acute renal
insufficiency) and the lungs (pulmonary hemorrhage) (4) whereas, in medium and
large vessel predominate the macro-vascular (e.g. blindness, coronary heart disease,
stroke, formation and / or rupture of aneurysms). Patients with GCA have 6.6-17.3
increased risk of developing thoracic aortic aneurysms with the incidence increasing 5

years after the disease diagnosis and continue to increase thereafter (5).

Annual Incidence L Mean Age of Female 5-year survival
sv . Ethnicity

rates per million Onset (years) / Male rate (%)
GCA 100-216 White North Europeans >50 2-3:1 67-85
TAK 0.4-3.4 Southeast Asia 20-40 8:1 80-90
PAN 0.9-8.8 All racial groups 40-60 1:1.5 65-75
GPA 2.1-14.4 Northern Europe 40-50 1:1 74-91
MPA 2.7-10.4 Southern Europe 50-60 1:1 45-76
EGPA 0.14-4.0 All racial groups 40-60 1:2 60-97

Table 1.1 Epidemiologic features and outcome of the major Systemic Vasculitides
(2,3,4,5).

1.2. Pathogenesis

Although the etiology and pathogenesis of Systemic Vasculitides are far from being
completely understood, cumulating data suggest a persistent interplay of innate and
adaptive immune responses incited most probably by an environmental trigger (e.g.
silica, Hepatitis B virus in PAN, Staphylococcus aureus in GPA) in genetically
predisposed individuals. Large-scale genetic analyses using the Immunochip platform
and GWAS facilitated the identification of shared, as well as unique etiopathogenic

pathways among
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LVV (6) and AAV, supporting the
hypothesis of a partially common
genetic background beyond auto-
immunity (Table 1.2). Shared loci

that have been described include

RGS21/RGS1, PRKCQ, TNFSF15,
NDFIP1, KIAA1841, ZMIZ1 and
SERBP1. Furthermore, different

SNPs have also been associated
with disease expression with the
most strongly associated being the
KDMA4C

SNP  rs16925200 (7).

Interestingly, the polymorphism
located at 5’ end of IL12B rs755374
represents the most common
associated SNP shared between
GCA and TAK. This gene encodes the
p40 subunit of IL12 and IL23,
participating in Thl and Thl7

differentiation. These cells are
considered pivotal players in the
of LVV. On

development the

contrary, high heterogeneity is
observed across class | and class Il

regions.

Table 1.2 Indicative Genetic loci
associated with SV.
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Indeed, GCA is mostly associated with class Il genes, with the SNP rs 9405038 (located
between HLA-DRA and HLA-DRB1) representing the lead signal whereas the main
associations with TAK are located within the class | sub region with rs 12524487
(located between HLA-B and MICA). Similarly, distinct genetic associations between
disease subtypes have been identified among AAV (8). HLA, SERPINA1 and PRTN3 are
primarily aligned with ANCA specificity rather than with the clinically defined GPA and
microscopic polyangiitis MPA (9).

Beyond the genetic background the pathogenic operating mechanisms involved in
inflammatory vascular damage are: a) activation and dysfunction of the endothelium,
b) production of autoantibodies against surface antigens of the endothelial cells or
neutrophil fragments with the typical example of ANCA associated vasculitides (10),
c¢) the chronic delayed T-mediated immune damage (DTH) (11), d) the detrimental
effect of NETs (12), e) immune complex (IC) mediated disease (cryoglobulinemic
vasculitis is considered the prototype IC disease) (114), and f) direct action of
antibodies against tissue specific autoantigens (Goodpasture) (13). Large vessel
vasculitides are predominantly cell mediated. The vasa vasorum in the adventitia is
probably the initial site of insult. Activation of DCs via TLRs by an unknown trigger
induces the production of IL-18, IL-12, IL-23 and chemokines (e.g. CCL19, CCL21)
enhancing in turn the influx of inflammatory cells, making eventually sustainable the
aberrant autoimmune response. TLR4 ligands trigger the recruitment of CD4+ T-cells
that infiltrate all layers of the arterial wall producing a transmural panarteritis,
whereas TLR5 ligands are associated with a more limited form of the disease, apparent
as adventitial perivascular infiltrate (14). Studies on T-cells revealed that, CD4+ T-cells
proliferate to form Th1, Th17 and Tregs. The production of IFNy and IL-2 by Th1 as well
as IL-17 by Th17 enables activated macrophages which produce IL-1, IL-6, TNFa and
TGF-B to infiltrate the media, form giant cells and secret MMPs leading to the
destruction of the internal elastic lamina and eventually to neovascularization. This
change of the tissue, along with the assistance of certain cytokines including PDGF
and IL-1 contribute to vascular remodeling by inducing myofibroblast activation and
overproduction of matrix proteins (15). A subset of T-lymphocytes producing IL-9 (TH9

cells) has also been proposed to play a role in the pathogenesis of LVV displaying a
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characteristic pattern of transmural inflammation and small vessel vasculitis (16).
Contrary to LVV the key cell population in AAV is neutrophils. Unknown environmental
triggers account for the release of inflammatory cytokines (e.g. IL-1, TNF-a) as well as
upregulation of adhesion molecules on endothelial cells, resulting in the excessive
activation of neutrophils and monocytes which bind and transmigrate into the vessel
wall. Activated and committed neutrophils produce reactive oxygen species while
their degranulation within tissue injury releases lysosomal enzymes lead to
endothelial injury. Neutrophils are forming also NETs decorated with IL-1 that may
help in the perpetuation of inflammatory responses (12). Degranulation of the
circulating neutrophils releases reactive oxygen species and lysosomal enzymes
leading to endothelial injury. Dendritic cells, macrophages, B cells and T cells, the
complement system and humoral factors are also involved in the pathogenesis of AAV.
In addition to specific immune mediated inflammatory pathways towards vascular
injury, the acceleration of the classical pathways of arterial damage leading to,
atheromatosis (i.e., atheromatic plaque formation), inappropriate arterial remodeling
(e.g., arterial hypertrophy / distention) and arteriosclerosis (i.e., arterial stiffening),
are also thought to participate in the development of the micro- and macrovascular
complications of these diseases (17). Thus, the vessels constitute the venue where
both inflammatory, arterial remodeling and atheromatosis pathways meet, interact,

and give rise to different disease phenotypes.

1.3. Clinical picture

The size, localization of the affected vessels and the ischemia of the irrigated organs
in association with the vast array of the underlying mechanisms participating in the
inflammatory process, account for the wide spectrum of clinical manifestations
(Figure 1.1). SV are the second cause of fever of unknown origin in middle and older
individuals, imposing sometimes long-term hospitalization of patients until the final
diagnosis. They should be suspected in any constitutionally ill patient with evidence
of multisystem inflammatory disease. The onset might be subacute with nonspecific

signs and symptoms unfolding slowly over weeks to months or acute, leading to
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rapidly progressive and usually terminal organ damage and failure, making the
diagnosis of vasculitis one of the great diagnostic challenges in clinical Medicine. This
is further suggested by the existence of various distinct, as well as overlapping clinical
subsets within each form of vasculitis. GCA patients can present with at least four
different phenotypes including cranial ischemia, systemic inflammation, vasculitis of
large arteries (e.g. aorta, subclavian, axillary arteries), polymyalgia rheumatica or
combination (18). PAN is sub dived into mild or severe cutaneous with ulcers, necrosis,
and neuritis as well as systemic vasculitis resulting in vascular occlusion and
aneurysmal formation (19). AAV are also characterized by clinical heterogeneity. GPA
can be limited or generalized involving the upper respiratory tract, lungs, and kidneys.
Similarly, MPA and EGPA can cause necrotizing vasculitis of single or multiple organs
in association with constitutional symptoms (20). Distinguishing between the different
clinical phenotypes as well as with other inflammatory conditions of internal medicine
is of pivotal value since treatment varies dramatically and misdiagnosis may result in

increased morbidity and mortality.

*GCA: Headache, scalp tenderness, jaw claudication, diplopia, amaurosis fugax, unilateral loss
of vision, optic neuritis, optic atrophy, Angina pectoris, stroke, abdominal pain, arthritis,
polymyalgia rheumatica

*TAK: Bruits, claudication, decreased pulses, arthralgias, asymmetric blood pressure,
headache, hypertension, dizziness, pulmonary hypertension, angina, myocardial infarction,
heart failure, sudden death, aortic valvular regurgitation Non-specific

*Cutaneous nodules, ulcers, livedo reticularis, digital gagrene, mononeuritis multiplex, renal artery | * Fever
PAN aneurys and infarcts, renovascular hypertention, abdominal pain, arthralgias/arthritis, myalgias,

congestive heart failure, myocardial infarction, seizures, stroke, testicular pain * Malaise

* Fatigue
*GPA: Chronic synusitis, purulent nasal discharge, epistaxix, mucosal
ulcerations, saddle nose diformity, oral ulcers, otitis media, hoarseness, * Weight loss
subglotic stenosis, stridor, respiratory insufficiency, glomerulonephritis,

scleritis, episcleritis, uveitis, conjunctivitis, optic neuritis, nasolacrimal duct

obstruction, retinal artery thrombosis, palpable purpura, ulcers, subcutaneous * Anemia of
nodules, vesicles, arthralgias/arthristis, myalgia, intestinal perforation, chronic disease
bladder/urethral vasculitis, orchitis, epididymitis, prostatitis,

ANCA orbital/salivary/panceas mass, liver granulomatosus infiltration

*MPA: Glomerulonephritis, pulmonary hemorrhage, mononeuritis, multiplex,
purpura, arthralgias, eye involvemnt

*EGPA: History of allergy, asthma, rhinitis, polyposis, pulmonary infiltrates
and/or hemorrhage, mononeuritis multiplex, purpura, skin ulcers,
arthralgias/arthritis, eosinophilic gastrenteritis, abdominal masses, congestive
hear failure, corneal ulcerations, panuveitis, prostatitis

Figure 1.1 Clinical features of Systemic Vasculitides
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1.4 Diagnosis

The final diagnosis and the clinical phenotype of the disease is a complicated
procedure and a constant concern for clinicians since it requires confirmation by
serologic tests, a biopsy of an involved artery or tissue and the use of multiple imaging
tools. After the clinical suspicion of SV, the diagnostic procedures should be performed
quickly, since delayed diagnosis imposes hospitalization in intensive care units, thus
increasing the consequent disability, mortality rate and the financial burden on the
National Health System. All the so far existing laboratory tests (Table 1.3) are not
highly disease specific but only suggestive of SV in the proper clinical setting. Some
reflect systemic inflammation, while others suggest organ involvement, immune

complex formation, and mechanistic pathways (21).

Table 1.3. Laboratory tests useful in the evaluation of Vasculitides

Systemic inflammation ANCA Autoantibodies
Complete blood count c-ANCA
Anemia of chronic disease anti-PR3 (66% GPA, 26% MPA,
Neutrophilia 10% EGPA)
Eosinophilia p-ANCA
Thrombocytosis anti-MPO (60% MPA, 50% EGPA,
Acute phase reactants 15-30% GPA, 10-20% CTD, drugs)
ESR >50 mm Atypical
CRP > 10 mg/dI
Hypoalbuminemia
Organ involvement Suggesting etiology
Creatinine and urinalysis Blood cultures
Liver-associated enzymes Infectious serologies
Creatine kinase Hep BsAg (PAN)
Stool for occult blood Hepatitis C (cryoglobulinemia)

Parvovirus IgM (GPA, PAN)
Cytomegalovirus (IgM),

Immune complex formation and/or deposition Epstein Barr virus (IgM)

RF, ANA (should be negative in primary Systemic HIV1/2 (any vasculitis)
Vasculitides) Serum protein electrophoresis
Complement levels (C3/C4) (usually normal, Cerebrospinal fluid studies

low in 25% of PAN) Urinary toxicology screen (rule out
Cryoglobulins cocaine use)

ANCA subtypes (proteinase-3 (PR3)-ANCA and myeloperoxidase (MPO)-ANCA) are
associated with different epidemiological, genetic, and clinical features. Among GPA
patients with positive ANCA, 80-90% are c-ANCA with anti-PR3 specificity and only
10%-20% are p-ANCA directed against MPO. The overall specificity is for generalized
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GPA 98% and for the limited form approximately 60%. ANCA titers correlate with
disease activity in 60% of cases, whereas 40% of GPA patients with inactive disease
may have a rise in ANCA titer. Therefore, a transition of ANCA titers from negative to
positive is better predictor of disease flare than a mild rise in an already positive serum
(22). p-ANCA directed against MPO is found in 60% of MPA and in 30-70% of EGPA
patients especially in those with renal disease, alveolar hemorrhage, mononeuritis

multiplex and purpura (23).

Tissue biopsy is the procedure of choice in the diagnosis and classification of SV.
Beyond diagnosis, it provides important information, including the extension and
phenotype of the disease, the composition of inflammatory cells and the acute or
chronic changes of the affected organ. TAB is the gold standard for the diagnosis of
GCA, although a negative TAB does not exclude the presence of the disease. The
characteristic patchy or segmental arterial involvement is the predominant cause for
a negative biopsy in the context of high clinical suspicion. GCA patients with aortitis
and other large vessel involvement have a negative TAB in approximately 40% of cases.
The primary site of pathology is thought to be the vasa vasorum with subsequent
inflammatory spreading from the adventitia into the vessel wall. The histologic
heterogeneity of the disease is depicted in four different patterns and may have

prognostic value regarding the clinical course and response to treatment (24).

Although, all untreated patients irrespectively to the biopsy pattern can develop
blindness in up to 15%, SVV pattern correlates with less severe clinical manifestations,
lower serum levels of acute phase reactants and a milder disease course than VVV or
the classic patterns. Polymyalgia rheumatica is equally represented in all patients’
groups, while male sex and peripheral arthritis are seen more frequently in SVV (24).
In TAK the primary site of pathology appears to be in the adventitia and outer parts of
the media, where the resident dendritic cell is activated from unknown factors,
mounting an aberrant immune response involving all arms of cellular immunity (25).
Until recently, the diagnosis of TAK was established mainly on the basis of angiographic
features. Besides, being an invasive technique bearing the risk of allergic reactions,
iatrogenic embolization and arterial dissection, angiography visualizes luminal changes

caused by vasculitis (e.g stenosis, occlusion, aneurysmal formation) but cannot
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delineate vessel wall pathology. More currently applied imaging modalities (Figure 1.2)
constitute useful diagnostic tools for Systemic Vasculitides. According to European
League Against Rheumatism (EULAR) recommendations for the management of
vasculitis, imaging should be performed as early as possible in patients with suspected
LVV, particularly in GCA, because pathologic findings often become less apparent or
even false negative following steroid treatment. This is particularly the case in the
imaging of temporal arteries with ultrasound (U/S) or magnetic resonance imaging
(MRI) and with positron emission tomography (PET) of extracranial vessels. Ultrasound
and MRI are the first choices in cranial GCA and TAK, respectively. Computed
tomography with PET (PET/CT) may be used to investigate extracranial disease (26).
U/S of temporal and axillary arteries is recommended as the first imaging modality in
GCA with 62-87% sensitivity and 85-99% specificity. Low echogenicity associated with
increased wall thickness or new stenosis at follow up might indicate active disease.
However, in most cases, U/S is only possible to monitor damage. High resolution MRI
of cranial arteries may be used as an alternative for GCA if ultrasound is not available
or inconclusive. Overall, MRI exhibits 57-87% sensitivity and 81-92% specificity and is
superior compared to U/S in assessing aortic inflammation and periaortitis. In order to
avoid false-negative results MRI of cranial arteries needs to be performed immediately,
before or within the first days of steroid therapy. MRl is particularly useful to follow up
the course of the disease and evaluate the presence of stenosis, occlusion, or
aneurysm, for both LVV and PAN. In clinical practice, the degree of previously
described stenosis can be evaluated as well as resolution or new damage. For future
studies, a damage score is an unmet need particularly for TAK, where internal large
vessel arteries are involved. PET with intravenous administration of 18F-FDG
(radioactive glucose) is a useful tool of synergistic value for optimal diagnosis and
monitoring disease extension, activity and treatment response in LVV (27). Areas with
increased uptake of 18F-FDG is indicative for the presence of active cellular
metabolism resulting from the increased glycolysis of the activated inflammatory cells.
The mean sensitivity and specificity of this method is 75.9% and 93%, respectively for
LVV, while the method is not useful for MVV and SVV.
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Figure 1.2 Imaging tools for the diagnosis and monitoring of disease activity in SV.

1.5 Treatment and prognosis

It is widely approved that the introduction of GCs has dramatically changed the natural
history of systemic vasculitides over the last 30 years. Although they remain the
cornerstone of therapy the intensity of the therapeutic approach fits the severity of
vasculitis and ranges from low doses of corticosteroids in some cases to severe
immunosuppressive treatment in others. Current treatment management usually
comprises conventional immunosuppressives and immunomodulators (e.g.
methotrexate, leflunomide, azathioprine, cyclophosphamide, mycophenolate mofetil)
in addition to GCs right from the beginning to prevent subsequent damage and facilitate
GCs tapering. With the advent of molecular immunology and the better understanding
of pathogenetic mechanisms, targeted therapies involving monoclonal antibodies and
small molecules binding inflammatory cytokines or inhibiting inflammatory pathways
(JAK/STAT) have been investigated for the treatment of vasculitis with relative success in

some and failure in others. Tocilizumab, a humanized monoclonal antibody that blocks
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the receptor of IL-6, a key cytokine in the pathogenesis of LVV, is an effective treatment
for and GCs sparing. The relative success of targeted therapies make much more
important the clinical phenotype of SV, as well as the better understanding of the
interface between active and inactive state to address questions regarding patient
stratification and time of treatment administration. some open questions regarding
which patients should be treated and for how long, remain unanswered. Anti-TNF
agents and especially infliximab improve event-free survival, decrease disease flares and
damage mainly in TAK patients. Ustekinumab, a human monoclonal antibody which
blocks both IL-12 and IL-23 has been proved effective for GCA, while oral JAK1/JAK2
inhibitor has shown promising results for relapsing disease. Moderately effective has
been proved for GCA abatacept, a fusion protein which prevents CD80/CD86 from
binding to CD28 on the surface of T cells, resulting in failure of the costimulatory signal
required for T cell activation. The presence of artery tertiary lymphoid organs in the
inflamed arteries in LVV, suggest a potential role of B cells in theirimmunopathogenesis,
thus encouraging the use of rituximab a monoclonal anti CD20 antibody which depletes
B cells (28,29). Treatment of AAV is tailored according to disease stage and severity. High
doses of corticosteroids and cyclophosphamide rapidly control organ or life-threatening
disease but are associated with multiple short and long term adverse events. The
introduction of effective medications with decreased toxicities (e.g. rituximab) has opti-
mized AAV therapeutic management and improved survival (30). AAV are still conside-
red to be part of a single entity because they share many clinical and histopathological
features prompting the need for disease-specific studies. As such, mepolizumab, a
humanized monoclonal antibody targeting IL-5 which is the major eosinophil-survival
factor and has been proved effective for EGPA specific treatment (31). Current EULAR
recommendations for the management of ANCA associated vasculitis treatment are
summarized in ref. 30. Future studies should stratify patients according to disease

phenotype, certain organ threatening clinical features and disease severity.

A constant concern for physician regarding SV is the increased frequency of disease
recurrence despite adequate immunosuppressive therapy. Approximately 50-80% of
GCA patients relapse during the first year and up to 40% need low dose prednisone

indefinitely. Long term survival rates are 80-90% for TAK with 45% of patients developing
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aortic aneurysms and nearly 40% cardiac abnormalities. The outcome of PAN depends
on the presence and the extent of visceral and CNS involvement with most deaths
occurring during the first year as a result of uncontrolled vasculitis, delay in diagnosis or
complications of treatment. The natural history of untreated generalized AAV is that of
a fatal disorder with a mean survival rate less than 1 year. Limited and mild disease may
progress to widespread active disease at any time during the course in at least 10% of
cases (32). Differentiation between disease activity and damage is pivotal for patients
monitoring and long-term outcome. The Bermingham Vasculitis Activity Score (BVAS) is
a validated tool for small and medium vessel vasculitides that records the evidence of
active vasculitis arranged by organ systems but has been proved useless for assessing
disease activity in LVV. Other Score systems (e.g. DEI-Tak, ITAS2010, ITAS-A), also lack
credibility to depict ongoing inflammatory activity. Subsequent damage due to disease
or treatment is becoming the cornerstone of long term follow up of vasculitis patients.
Vasculitis damage index (VDI) is better used for LVV than for AAV. Predictors of high-level
damage in these patients are older age, worse renal function, higher disease activity at

presentation as well as the number of relapses.

1.6 Unmet needs in Systemic Vasculitides

The complexity of SV arises from the multi-level heterogeneity in terms of clinical
phenotypes, pathogenetic mechanisms and treatment selection strategies. Despite
the significant progress in the last years, there are several unmet needs (Figure 1.3),
including the assessment of the different clinical phenotypes within each SV type,

stratification of patients based on tissue injury and most importantly:

E  Assessment of LVV disease activity. The lack of an accepted definition of disease
activity in LVV is a major challenge in creating useful and valid outcome tools able
to depict the course of the disease. Differentiation between disease activity and
damage is pivotal for patients monitoring and long-term outcome. Acute phase
reactants (e.g. ESR, CRP) have shown to be neither sensitive nor specific to
monitor disease activity. Besides elevated in vasculitis mimics, ESR may be mildly

elevated (40-50 mm/h) in 10-20% of GCA patients or normal in 33-50% of TAK
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patients with active disease on arterial biopsy (33,35). The BVAS is a validated tool
for small and medium vessel vasculitides that records the evidence of active
vasculitis arranged by organ systems but has been proved useless for assessing
disease activity in LVV (36). Other Score systems (e.g. DEI-Tak, ITAS2010, ITAS-A),
also lack credibility to show inflammatory activity (37). Subsequent damage due
to disease or treatment is becoming the cornerstone of long term follow up of
vasculitis patients. The VDI is better used for LVV than for AAV. Predictors of high-
level damage in these patients are older age, worse renal function, higher disease
activity at presentation as well as the number of relapses (38). Search for, reliable,
clinically useful and validated disease activity biomarkers for LVV and damage
index for AAV are still ongoing.

Lack of biomarkers able to predict relapses. Owing to the increased frequency of
disease relapse (approximately 40-50% of vasculitis patients will recur the first
year or later in the course of the disease) despite adequate immunosuppressive
therapy, identification of predictors of flares is significant in optimizing therapeutic
strategies, minimizing relapses, and reducing drug related side effects. The lack of
widely accepted definition of disease flare not only in clinical trials but also in daily
practice is a constant concern. Reappearance of clinical manifestations
accompanied by elevated ESR and/or CRP is reported in only 34-41% of GCA
patients, whereas other predictors (e.g. extracranial large vessel involvement,
female sex, presence of anticardiolipin antibodies, hypertension, and diabetes)
have not been consistently implicated. Relapses during TAK course are common
but reported data on relapse frequencies are lacking (39). Moreover, the utility of
the existing imaging tools (e.g. U/S, 18-FDG PET/CT) in monitoring disease activity
and response to therapy by studying wall signal enhancement and other
parameters remain highly controversial. The role of ANCA level in predicting
disease relapse in AAV is still under evaluation. The transition of ANCA titers from
negative to positive is considered as better predictor of disease flare than a mild
rise in serum levels. Furthermore, data from two EUVAS trials (CYCLOPS and
IMPROVE) showed that patients who remain ANCA positive at the time of switch
from induction to remission maintenance therapy have a higher relapse rate

compared with those with undetectable ANCA at switch (40).
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Predictors of complications. Disease phenotype and severity of expression are
mainly related to morbidity and different mortality rates. In LVV multiple
predictors of potential poor outcome have been suggested, but consistent
predictors of ischemic complications and aneurysm formation which are the major
causes of disability and mortality in these patients are lacking (35). A recent study
showed that PET positive aorta of GCA patients have a Hazard Ratio around 10 to
develop aneurysms compared to PET negative patients in 10 years (34). In AAV
patients older age at onset, worse renal function, higher disease activity at
presentation, the number of relapses and duration of GCs therapy during follow-
up are proposed as predictors of level of damage (41).

Precise targeted treatment strategies. The use of GCs is association with
cyclophosphamide and monoclonal antibodies targeting key cytokines and cell
populations with fundamental role in the pathogenesis of SV has changed the
natural course of this fatal (if remain untreated) group of diseases. Although much
progress has been made, there are still many unanswered questions including
among others the indications and timing for targeted treatment. The recognition
of different clinical phenotypes, in association with a variable genetic landscape
and a vast array of different pathogenetic mechanisms suggest that approaches of
Precision Medicine, might decrease morbidity and mortality rates due to drug

related side effects or the disease itself.

Disease activity Specific Predictors
* Reliable disease specific biomarkers * Disease relapse
* Use of vasculitis imaging tools * Disease complications

Q] Treatment
ASSESSMENT OF CLINICAL * Personalized approach
PHENOTYPES * Predictors of drug related
TISSUE STRATIFICATION. Unmet needs idlr\::(s:ztztmescind timing of
biologic agents ¢

Figure 1.3 Unmet needs in the context of Systemic Vasculitides
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1.7 Aims of the present Thesis

» Explore the presence and potential reversibility of subclinical vascular dysfunction
and/or damage both in the micro- and macro-circulation in SV by evaluating four
main vascular pathologies (atheromatosis, arterial stiffening, arterial remodeling
/ hypertrophy and pressure wave reflection impairment) in four different vascular
beds (carotid, aortic, femoral and retinal) using gold-standard in clinical practice,
non-invasive vascular biomarkers. The monitoring of subclinical vascular damage
might provide insights on the development of these vascular pathologies in SV as
well as guide the management of these patients, in similar ways as in individuals
with CVD risk factors.

» Investigate the metabolome of patients with LVV at time points of activity and
remission in an attempt to define new end-result biomarkers.

» Investigate the specificity of p-ANCA, the most important biomarker of AAV.

» Describe the clinical picture of cryoglobulinemic vasculitis in pSS, compared to

HCV and define the biomarker(s) predicting lymphoma.
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CHAPTER 2. CARDIOVASCULAR RISK IN SYSTEMIC VASCULITIS

2.1 Potential mechanisms of accelerated Atheromatosis
and Arteriosclerosis in Systemic Vasculitides

Although it is widely accepted that atherosclerosis involves an ongoing inflammatory
response (42), the potential mechanisms of this phenomenon are yet poorly studied in SV.
Although major differences do exist, one might consider that the acceleration of arterial
damage in SV shares several common mechanisms with RA, which is by far, the most
extensively studied model of arterial damage in chronic inflammatory diseases (43,44).
Therefore, cautious extrapolation of these mechanisms to SV seems reasonable. In brief,
these mechanisms involve: the primary intramural vessel wall inflammation (Box 1, Figure
2.1); the secondary vessel wall inflammation by systemic inflammation (Box 2. Figure 2.1);
SV-related drug treatment induced deleterious effects on the vessel wall (Box 3, Fig. 2.1)
and the effect of classical cardiovascular disease risk factors (Box 4, Fig. 2.1)(45). Data on
the prevalence of hypertension and dyslipidemia are currently lacking in SV patients, but
an increased incidence compared with the general population is thought to result from
the chronic use of GCs, the often presence of chronic renal damage, as well as the chronic
inflammatory process per se. These general mechanisms may not only precipitate the
classical inflammatory process of atheromatosis (45), but also may account for the
disruption of the balance between synthesis and degradation of collagen and elastin,

leading to vascular stiffening (46).

Box 2. Box 3.
Secondary vessel wall inflammation by Drug treatment induced deleterious
systemic inflammation. effects on the vessel wall.
Indirect effect on distal arteries beyond
those affected by primary intramural R .
vessel wall inflammation ¢.g. corticosteroids
A A\
/ /
Box 1. / ; Box 4.
/ Tec " elassical™
Primary intramural vessel " :‘1"’“' "[I ‘l‘;f“""l =5
wall inflammation. carcey .|\;~‘|‘c-lln:|'(\l\h“l e
g . < | c.g. chronic renal damage, arterial
Direct effect of local SCelarats . hypertention, dyslipidemia (limited
nflammation on local arteries Acceleration of { 4 data availiable in PSV paticnts)
atheromatosis NS
\ and/or
arteriosclerosis

Figure 2.1 Potential mechanisms leading to the acceleration of atheromatosis
and arteriosclerosis in SV (17)
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2.2 Non-invasive biomarkers for the assessment of atheromatosis
and arteriosclerosis

Atheromatosis (atheromatic plaque formation) and arteriosclerosis (reduced elasticity
because of elastin fiber loss or dysfunction) represent two distinct pathways of arterial
damage, which although share some common risk factors but have different damage
and pathophysiological consequences. A large variety of noninvasively assessed
vascular biomarkers have been developed during the past 30 years to describe these
two pathways (47). The most widely applied and herein used biomarkers are described
in Table 2.1. These biomarkers are used to investigate the damage of the artery and
optimize cardiovascular risk stratification in clinical practice but currently cannot be

used in treatment follow-up (47).

Intima-media thickness Plaque presence Carotid-femoral pulse wave
(IMT) velocity (cfPMV)
Measured by Ulirasonography Ulirasonography Applanation tonometry (most
widely applied)
Disease studied Arterial remodeling and/or Atheromatosis Arteriosclerosis (arterial
atheromatosis (at the level of sfiffening)
the common carotid artery)
Aderial bed studied Carotid Carotid and femoral ~ Aorta (thoracic and abdominal)
Recommendation to be used in clinical Yes Yes Yes

practice in population at infermediate
cardiovasculor disease risk populations

Table 2.1 Non-invasive vascular biomarkers used for the study of atheromatosis and
arteriosclerosis (17).

2.2a LARGE VESSEL VASCULITIDES

Takayasu arteritis

Takayasu arteritis is a chronic inflammatory granulomatous vasculitis, manifesting
mainly as a panaortitis and occurring commonly in young women between 10 and 30
years (48). Takayasu arteritis is associated with a significantly increased risk of
cardiovascular complications, including cerebrovascular events, aortic aneurysm
formation and ruptured and congestive heart failure. The mechanisms that link TAK
with late cardiovascular complications remain to be fully elucidated (49). In Takayasu
arteritis, the inflammatory process commences from the adventitia and progresses to

the intima leading to segmental stenosis, occlusion, dilatation and aneurysm or
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aneurysm formation. Histologically, it is characterized as a ‘panarteritis’ involving all
layers of the arterial wall, including intimal fibrous thickening and/or typical
atheromatous lesions, destruction of medial smooth muscles and elastic layers,
cellular infiltration, and collagenous fibrosis in the media and thickened adventitia with
cellular infiltration around vasa vasorum. Intact areas between affected areas in
arteries ('skipped lesions’) are usually revealed in pathological studies (50). Although
the number of TAK patients is still limited, Takayasu arteritis is the most well studied
SV regarding the mechanisms of atheromatosis and arteriosclerosis. Most studies have
demonstrated that cIMT is significantly higher in the TAK group as compared with the
control group (51,54-57). Moreover, high prevalence of atheromatic plaques is seen
and cannot be explained by the traditional vascular risk factors (51,53-56). Of note, it
was suggested that the abnormal cIMT might be used as a reliable marker of disease
activity in TAK (sensitivity of 82% and specificity of 60%) and that it should be part of
the routine evaluation of Takayasu arteritis (56,57). In daily practice, clinicians may
have difficulty in making differential diagnosis between TAK-related vascular lesions
and atheromatosis. Ugurlu et al. in a study of 58 patients investigated the morphologic
and hemodynamic changes in the carotid arteries in TAK, along with patients with
diabetes mellitus and healthy controls using Doppler USG. The study showed that
carotid artery may be helpful in differentiating TAK from atherosclerosis. Diffuse
homogenous increase in IMT, presence of turbulence and higher resistivity index can

be considered as suggestive of Takayasu arteritis rather than atherosclerosis (52).

Increasing data also suggest that Takayasu arteritis is associated with elevated arterial
stiffness in the central elastic arteries compared with controls and that arterial stiffness
may persist even when the disease is quiescent. PWV was found to be significantly
increased in Takayasu arteritis patients, despite the younger age and the comparable
blood pressure with the control group implying that structural rather than functional

vascular damage takes place in Takayasu arteritis (49,58).
Giant cell arteritis

Giant cell arteritis, the most common granulomatous SV with a predilection for large-
sized and medium-sized arteries, occurs almost exclusively after the age of 50 years

and affects mainly the extracranial branches of the carotid artery. It is associated with
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doubled incidence of cardiovascular events and 17 times increased risk for aortic
aneurysms (59-61,66). Similar to Takayasu arteritis, GCA inflammation involves all
layers of the arterial wall, and the inflammatory process appears to begin in the
adventitial layer at the level of vasa vasorum. Granulomatous infiltrate including giant
cells is proposed to play a key role in the invasion from the adventitial side to the

medial and intimal layers (63).

Several early case reports (including few patients) describe a vasculitic carotid wall
thickening in GCA (63), but there are also data showing significantly lower cIMT levels
compared with controls (62). A study of 41 GCA patients showed that steroid therapy
has no influence on endothelial function but does significantly improves cIMT in GCA.
Increasing data demonstrate that IMT measurement of temporal, facial and axillary
arteries can correctly distinguish vasculitic from normal arteries in suspected GCA,
thus IMT cut-off values may additionally help in the diagnosis of GCA (64). Data for wall

diameters are needed for future longitudinal trials to monitor GCA treatment.

Limited data are available concerning the potential effect of GCA on arterial stiffness.
A study of 49 patients showed that GCA patients have higher PWV and dilated thoracic
aortas with a women preponderance compared with GCA men. Further investigation
is required to evaluate the effect of severity, treatment length, disease duration and

cardiovascular risk factors on aortic morphology and function (65).

2.2b MEDIUM VESSEL VASCULITIDES

Polyarteritis nodosa

Polyarteritis nodosa is an extremely rare, necrotizing vasculitis associated with
aneurysmal nodules along the walls of medium-sized muscular arteries that can
present initially as peripheral vascular ischemia (67,68). Poor data, involving only a few
patients have been found in the literature leading to inconclusive results for the

development of accelerated atheromatosis (68-71).

Kawasaki disease

Kawasaki disease is an acute medium vessel vasculitis, occurring predominantly in

infants and during early childhood. The most significant complication is the
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development of coronary aneurysms during the subacute phase. These aneurysms are
known to cause coronary artery disease by causing thrombosis and stenosis and
represent a cause of sudden death in this patient group (72,73). A review of autopsies
from Kawasaki disease patients revealed that the arterial damage includes necrotizing
arteritis, subacute or chronic vasculitis and luminal myofibroblastic proliferation (77).
Recent literature implicates in this, various factors like endothelial dysfunction,
proatherogenic lipid profiles and arterial stiffening (73). It is unclear whether all
children with Kawasaki disease have increased later cardiovascular risk. The retinal
microvasculature reflects changes in the microcirculation and is associated with
traditional cardiovascular risk factors and events. Larger retinal venules may reflect
chronic inflammation and endothelial dysfunction and are associated with coronary
artery disease in adults (74).

Carotid artery IMT is one of the most commonly used noninvasive measures of
subclinical atherosclerosis in both pediatric and adult populations. There are few
studies showing higher cIMT in children with KD compared with controls and others
that demonstrate higher cIMT in patients of KD with coronary aneurysms (73). As cIMT
and aortic IMT have been shown to be a surrogate marker of both coronary and
peripheral atherosclerosis, higher cIMT and aortic IMT in children with Kawasaki
disease along with proatherogenic abnormalities in lipid profile may predict a higher
risk of coronary artery events in later life (73,75,76,78).

Numerous studies have demonstrated the association between KD and
arteriosclerosis. Overall patients with a history of KD exhibited a high PWV relative to
controls. This suggests that these patients have a subsequent tendency for increased
arterial stiffness. Consequently, life-long follow-up should be advised to evaluate
cardiovascular diseases caused by former KD vasculitis and age-associated factors

(72,79-81).

2.2c SMALL VESSEL VASCULITIDES

ANCA-associated vasculitides

ANCA-associated vasculitides include three clinical entities: GPA, MPA and EGPA. They
are necrotizing vasculitis with few or no immune deposits affecting predominantly

small vessels. Compared with the general population, the risk of cardiovascular disease
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(including M, stroke, and aneurysm formation) is two-fold to four-fold higher among
patients with AAV, thus exhibiting enhanced cardiovascular mortality. Patients with
PR3 ANCA have a lower CVD risk than those with MPO ANCAs (82). This is based on
the fact that MPO, a granule protein identified inside human atherosclerotic lesions
and expressed in leucocytes (84), has been implicated both in the initiation and
progression of atheromatosis (83).

Several studies, most of which concern GPA (55,85,86) have shown increased common
carotid IMT in AAV patients as compared with controls (87), thus suggesting that AAV
are associated with accelerated and frequently subclinical atheromatosis that cannot
be explained by traditional risk factors. Furthermore, the raised levels of high
sensitivity C-reactive protein, MMPs and TIMP suggest that enhanced inflammation
and excessive vascular remodeling are contributing factors in the development of
accelerated atheromatosis in GPA (85). Gonza'lez-Sua’rez et al. (88) in a study of 23
patients, observed an association between cIMT and internal carotid artery pulsatility
index with small vessel cerebral disease pointing the possible use of carotid
ultrasonography in predicting microvascular brain injury. Studies with a good number
of MPA and EGPA patients were not found.

Only few data are available concerning the arterial stiffness as assessed by PWV
measurement and the atherogenic index in AAV. Two studies with limited number of
patients have shown increased arterial stiffness, and that arterial stiffness correlates
with the degree of active inflammation in AAV patients (89,90). As far as other small
vessel vasculitides (i.e. HSP and CV) are concerned, no reliable data showing

accelerated atheromatosis and arteriosclerosis were found.

Behcet’s Disease

Behcet’s disease is a chronic, relapsing, multisystemic vasculitis involving both veins
and arteries of any size (91). In addition to the classic triad (recurrent aphthous ulcers,
genital ulcers, uveitis), pulmonary, gastrointestinal, nervous, and musculoskeletal
manifestations may be present (93). Cardiovascular involvement (deep vein
thrombosis, M, arterial aneurysm, arterial thrombus formation) (94), occurs in 7-31%
of patients and is associated with poor prognosis and increased mortality in patients

with major vessel involvement (91).
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Histopathologicallyy, BD is mainly characterized by vasculitis, with prominent
neutrophil and monocyte infiltration in the perivascular regions with or without fibrin
deposition in the vessel wall. Endothelial dysfunction, the initial lesion in
atheromatosis, as well as the intermittent inflammation, autoimmune mechanisms
and drugs are thought to account for the accelerated atherosclerosis in patients with
Behcet’s disease (93). Of note, endothelial dysfunction in patients with Behcet’s
disease is modulated by the presence of corticosteroids and disease activity status.
During disease relapse, corticosteroids restore endothelial dysfunction but their
prolonged administration in the absence of active disease may be detrimental for the
endothelium (92).

Despite previous evidence demonstrating atherosclerosis as not a prominent feature
of Behcet’s disease, even among patients with major organ involvement (95), a recent
meta-analysis of relevant studies (96) showed that cIMT is increased in patients with
Behcet’s disease compared with controls. Similarly, the same meta-analysis showed
that carotid plaques are three times more prevalent in patients with Behcet’s disease
compared with the control group, verifying the presence of accelerated subclinical
atheromatosis (93,96). Another study including 50 patients showed that Behcet’s
disease may be associated with subtle increased cIMT, suggesting that it can be a
predisposing factor for atherosclerotic arterial disease (97). Furthermore, Cure et al.
(98) in a cross-sectional case—control study, showed a strong positive correlation
between AIP and cIMT. These and other results (99) suggest that accelerated
subclinical atherosclerosis might explain the presence of increased cardiovascular
events and mortality in these patients.

Moreover, several studies showed increased arterial stiffness, assessed by carotid to
femoral PWV (93). A study of 30 patients showed that PWV measurement might be
more useful than cIMT in determination of vascular damage in Behcet’s disease,

especially in early stage of disease duration (100).

2.2d FUTURE PERSPECTIVES
Despite the fact that there are no international networks dedicated to the study of
cardiovascular risk factors, the role of SV-drugs (e.g. GCs) and vascular properties in

PSV, recent studies using noninvasive techniques (cIMT and PWV) have demonstrated
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accelerated atheromatosis and increased arterial stiffening in these patients, thus
suggesting a potential role for the increased cardiovascular events and associated
mortality. Because of the limited number of SV patients and the lack of prospective
data and experience on vascular biomarkers by most rheumatologists, many SV,
especially PAN and SVV, remain under-studied (Table 2.2). The potential clinical value
suggested by the so-far-studied vascular biomarkers would allow rheumatologists,
implement optimal therapeutic strategies in the clinical practice in order to reduce the
increased cardiovascular morbidity and mortality in SV. This hypothesis prompts the
need for large prospective cohorts that will record cardiovascular disease risk factors
and apply the methods discussed herein, as well as other noninvasive methods, in
order to provide useful future guidance regarding the evaluation and restratification
of cardiovascular risk, which should lead to optimization of the prognosis and

treatment of SV patients.

Evidence of accelerated
arteriosclerosis

Evidence of accelerated
atherosclerosis

Evidence of increased
incidence of CVD events

TAK ++ (48,49) ++ (51,54,55,56,57) ++ (49,58)

GCA ++ (59,60,61,66) ++ (62,63,64) +(65)

PAN +(67,68) NO NO

KD ++(72,73) ++(73,75,76,77,78) ++(72,79,80,81)
AAV ++ (4,83,84) ++ (55,85,86,87,88) +(89,90)

HSP NO NO NO

cv NO NO NO

BD ++(91,94) +++ (96,97,98,99) ++(93,100)

Table 2.2 Summary of data regarding the presence of atheromatosis and

arteriosclerosis in SV.
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CHAPTER 3. COMMON AND RARE FORMS OF VASCULITIDES
IN SIOGREN’S SYNDROME

3.1 Introduction

Primary Sjogren’s syndrome is a rather common, slowly progressive, systemic
autoimmune disease, affecting mainly middle-aged women. Although the salivary and
lacrimal glands are the primary targets of the disease, virtually any organ system that
has epithelial structures can be affected. The precise pathogenetic mechanisms of the
disease are still unknown, but it appears that both arms of the immune response, the
innate and adaptive, are aberrantly activated. For the initiation of the disease, the
central player appears to be the affected epithelial cell. Indeed, these cells express
inappropriately molecules that can break the immune tolerance and initiate adaptive
immune responses, such as human leukocyte antigen class Il, intracellular
autoantigens and costimulatory molecules; they are intrinsically activated, expressing
functional Toll-like receptors and producing several cytokines and chemokines, able to
create and restore a local inflammatory response (autoimmune epithelitis). As the
autoimmune response progresses, effector mechanisms are developed. These
mechanisms, that are better understood today, are the major mediators for the tissue
injury and, eventually, the clinical manifestations of the disease. Indeed, the two main
autoimmune phenomena, observed, when the patient is for the first time seen by a

physician are two: First, the lymphocytic infiltration of the exocrine glands, consisting

predominantly of autoreactive CD4p T lymphocytes and B lymphocytes. Second, the
polyclonal autoreactive B-cell hyperactivity, leading to germinal center formation in
20-25% of patients and increased production of autoantibodies against
immunoglobulins, cellular, nuclear and other antigens, as well as the activation of
type-l interferon pathways (101,102). These autoimmune aberrations generate the
extraglandular manifestations that are present in approximately 75% of pSS patients
and are currently classified as nonspecific (arthralgias, arthritis, Raynaud’s
phenomenon and fatigue); periepithelial characterized by lymphocytic invasion of the

epithelial tissues in parenchymal organs such as kidneys (interstitial nephritis), lungs
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(small airways disease) and liver (primary biliary cirrhosis like picture); and mediated
by the deposition of immune complexes due to overt B-cell hyperactivity (103). The
latter include purpura, glomerulonephritis, and peripheral nerve involvement. Around

5% of pSS patients may develop NHL (104).

In pSS patients, vasculitis is one of the most clinically important extraglandular mani-
festations taking many clinical forms. The size and localization of the involved vessels
in association with the inflammatory process, account for the wide clinical spectrum,
that extends from limited cutaneous lesions to life threatening systemic disease
(105,107) (Figure 3.1). By far, the most common form of systemic vasculitis in pSS is
cryoglobulinaemic vasculitis. Sporadic cases of other forms of vasculitis have also been

described (106-108). The clinical presentation of vasculitis in pSS is discussed below.

Vasculitic manifestations
described in pSS
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Figure 3.1 Extraglandular manifestations of primary Sjégren’s syndrome related to
vasculitis (6).

3.2 Small Vessel Vasculitis

Small vessels are the main venue of vasculitic involvement in pSS. The clinical spectrum
ranges from local cutaneous disease to a multisystemic disorder with increased
morbidity and mortality, especially if remains untreated. Cutaneous vasculitis

generally presents as palpable, as it is the case of CV, or nonpalpable purpura, as it is
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observed in urticarial vasculitis. Non-palpable hypergammaglobulinaemic purpura can
also be seen frequently, particularly in patients with high levels of serum immune-
globulins, located predominantly in the lower limbs. Skin vasculitis is associated with
a higher prevalence of articular and renal disease as well as immunologic features
ANA, RF, cryoglobulins and anti-Ro/SSA positivity (109). The histopathological
examination of skin biopsies from pSS patients with skin vasculitis reveals two different
SVV patterns. The leukocytoclastic pattern is the most common and it is characterized
by polymorphonuclear infiltration, neutrophil fragmentation, extravasation and
fibrinoid necrosis of the vessel wall. Unlike leukocytoclastic vasculitis, the lymphocytic
pattern, is characterized by a different inflammatory infiltrate containing mainly
lymphocytes, plasma cells and histiocytes. The vascular wall is intact, and the picture

is reminiscent of a chronic autoimmune response (110,111).

Despite the fact that CNS involvement is extremely rare in pSS, inflammation of small
blood vessels has been hypothesized as a potential mechanism that underlies CNS
disease in some cases, in the past. These patients usually develop a multiple sclerosis-
like syndrome with compatible brain lesions, cranial nerve palsies and myelitis due to
inflammation of the spinal cord. It should be noted, however, that cases like these have
not been described in recent cohort studies of pSS patients. Peripheral nervous system
can also be affected. Distal sensorimotor, small or large fiber sensory and autonomic
neuropathy have been described in patients with pSS. Vasculitic neuropathy presents
as multiple mononeuropathy and accounts for about 1% of patients. Nerve biopsies

commonly reveal epineural vascular inflammation with or without necrosis (112,113).

AAV has been described in sporadic cases of pSS. Guellec et al. in a recent overview of
the literature described seven new and 15 previously published cases of coexisting pSS
and AAV. These are most commonly p-ANCA associated vasculitis with anti-

myeloperoxidase specificity, but isolated c-ANCA, anti-proteinase 3 positive vasculitis

(GPA and EGPA) were also described. Glomerulonephritis, lung, skin and PNS
involvement were the most prominent, but CNS, small bowel, muscle involvement, ear
chondritis and sinuses were also observed. In all cases, pSS diagnosis preceded the

clinical onset of AVV (114).
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3.3 Cryoglobulinaemic Vasculitis

Case report

A 56-year-old female with sicca manifestations and recurrent episodes of parotid gland
enlargement the last 5 years, was admitted in the clinic for palpable purpura of the
lower limbs, myalgias and painful numbness of the toes. Schirmer’s test and Rose
Bengal staining of the cornea were positive. Minor salivary gland biopsy disclosed
round cell infiltrates with focus score 4. Immunologic and laboratory tests revealed
high titer of rheumatoid factor, anti-Ro/SSA and anti-La/SSB autoantibodies, low C4
levels, hypergammaglobulinemia and leukopenia. The diagnosis of pSS was set.
Subsequent laboratory evaluation revealed high titer of cryoglobulins (349.9 mg/dl)
and the immunofixation demonstrated IgMk-IgG, type-ll cryoglobulinemia. Nerve
conduction tests were performed and disclosed sensory motor polyneuropathy. The
patient was considered as having CV in the setting of pSS and was treated with steroids

and anti-CD20 B-cell depletion therapy with complete resolution of her symptoms.

Among systemic autoimmune diseases, pSS is ranking first in the prevalence of CV, that
is a rare systemic vasculitis, associated with the presence of serum cryoglobulins
(cryoglobulinemia), affecting around 1/100 000 of the general population. It has
increased morbidity and is more prevalent in the Mediterranean area. Cryoglobulins, are
monoclonal immunoglobulins (type-1) orimmune complexes composed mainly by either
monoclonal or polyclonal IgM or IgA immunoglobulins with rheumatoid factor activity
against polyclonal IgG (mixed type-Il and Il cryoglobulins respectively). They display the
characteristic property to precipitate reversibly at temperatures less than 37 °C (Figure
3.2a). Although cryoglobulinaemia is considered as a prerequisite of the disease, not all
patients with cryoglobulinemia develop clinical manifestations, suggesting that other
factors are also involved in the precipitation of cryoglobulins into the affected tissues.
Several causative factors have been associated with cryoglobulinemia and
cryoglobulinemic vasculitis, including infections (HCV, HIV and HBV), hematologic
malignancies and autoimmune diseases. The most common causes of cryoglobulinemic
vasculitis are HCV infection and pSS. A systematic study to address the prevalence of CV

in consecutive patients with pSS does not exist, but cohort studies suggest that it may

50



occur in 5-10% of pSS patients. Patients with CV or cryoglobulinemia are at high risk for
B-cell origin lymphoproliferative disorders, implying that may serve as predictors of
lymphoma development and therefore these patients should be closely followed-up.
The pathogenetic mechanisms, mediating cryoglobulinemic vasculitis development are
partially understood. However, B cells appear to be a central player, since they have been
shown to clonally expand and produce monoclonal IgM rheumatoid factor that forms
cold-precipitable immune complexes responsible for vasculitis. These clonal B cells
display specific characteristics such as low expression of CD21 and features of functional
exhaustion (CD19highCD11cpCD95pCD62LIow/neg) (115-117). For pSS, cryoglobulins
are considered to rise following a chronic antigenic stimulation due to either a yet
unknown viral antigen or an autoantigen, whereas the production site of cryoglobulins
appears to be in the inflamed salivary epithelium (118). Significantly, the association of
both HCV hepatitis and pSS with the development of B-cell lymphomas, using similar
immunoglobulin VDJ (variable, diversity and joining) sequences (119) further signifies

that CV and cryoglobulins are probably a common mechanism, preceding lymphoma.

Figure 3.2 Cryoglobulins and cryoglobulinaemic MP glomerulonephritis in pSS. (a)
Serum cryoglobulins precipitated (arrowhead) after incubation at 4 8C for 7 days from
a pSS patient with CV. (b)Cryoglobulinemic membranoproliferative glomerulonephritis
in primary Sjégren’s syndrome. Expansion of the mesangial matrix and increased
cellularity of the mesangium (arrowhead) in combination with thickening and
reduplication of the glomerular basement membrane producing the typical histologic
picture of ‘double contour’ or ‘tram tracking’ (arrow). (Hematoxylin and eosin 400)
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(Image kindly provided by Professor Lydia Nakopoulou, First Department of Pathology,

Medical School of Athens).

Cryoglobulinemic vasculitis has a wide spectrum of clinical and laboratory features

(Table 3.1). The majority of CV patients in the setting of pSS complain of fatigue (80—

90%) but the presenting feature of this type of vasculitis is palpable purpura (70-90%)

usually at the lower limbs, leaving a brownish pigmentation as it resides. Large skin

ulcers typically above the malleoli, digital necrosis, lullae and livedo racemose may also

occur. A distal painful sensory or sensorimotor polyneuropathy due to vasculitis of the

vasa nervosum is the most frequent neurologic manifestation of the disease (60-70%).

Clinical manifestations

ConstitutionalGlandulor

Fatigue

Fever

Dry eyes

Dry mouth

Dyspareunia

Lymphadencpathy

Parotid gland enlargement
Cutaneous

Purpura

Necrosis

Ulcers

Livedo reticularis

Raynaud’s phenomenon
Musculoskeletal

Asthralgias/myalgios

Arthritis (symmetric nondeforming, knees and hands >elbows,

ankles)
Peripheral neuropathy
Distal sensory or sensorimotor polyneuropathy
Axonopathy
Mononeuritis multiplex
CNS involvement
Multiple sclerosisdike syndrome
Crun\cﬂ nerve tnvoivemen!
Myelitis
Renal involvement

Glomerulonephritis (mesangial, membranoproliferative or
membronous)

Proteinuria
Microscopic hematurio
Gastrointestinal
Lymphoma
Laboratory findings
ANA
Autoantibodies to Ro/la ribonucleoproteins
RF
Cryoglobulins [mixed IgMk)
Low C4
Hypergammaoglobulinaemia
Levkopenia

Axonopathy and mononeuritis
multiplex have been also described
(112,120). Renal disease occurs in
20-35% of CV patients and ranges
from asymptomatic to acute renal
failure. Proteinuria is the most
common clinical expression with
MP  glomerulonephritis  (Figure
3.2b) presenting subendothelial
deposits of cryoglobulins being the
most common histological finding
(80%) (121). Type-Il cryoglobuline-
mia as well as high serum cryo-
globulin concentration have been
proposed as risk factors for renal
disease independently to vasculitic
involvement (122).

Table 3.1 Organ involvement and

laboratory findings related to CV in
pSS patients.
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3.4 Medium Vessel Vasculitis

Unlike SVV, inflammation of medium vessels is very infrequent in pSS occurring in less
than 5% of pSS patients with vasculitic involvement and, thus, only a few case reports
were found in the literature. Acute necrotizing vasculitis resembling PAN in pSS
patients was first described by Tsokos et al. in 1987. The disease was predominantly
localized in internal organs and associated with life-threatening symptoms.
Histologically, the vascular wall exhibited heavy infiltration with acute and to a lesser
degree, with chronic inflammatory cells. Fibrinoid necrosis was present, but the
patients lacked the characteristic aneurysmal formation (111). Similarly, another group
found that two of 52 pSS patients had vasculitis of medium sized arteries. One had
coexistent PAN and one necrotizing vasculitis of the pancreatic and mesenteric arteries
(109). Another form of vasculitic involvement seen in pSS is endarteritis obliterans, a
noninflammatory obstructive vasculitis affecting medium-sized vessels. This condition
presents with fibrous thickening of the intima, leading to variable lumen stenosis with
recanalization and thus, impairment of blood flow, causing ischemia/infarction of the
dependent tissues. Residual mononuclear cells may be seen in the adventitia
suggesting that this type of vasculitis may in fact represent the healing stage of

preexisting acute vasculitis (111).

3.5 Large Vessel Vasculitis

Large vessel vasculitis represents a heterogeneous group of rare diseases
characterized by intramural inflammation of the aorta, its major branches and
extremity arteries. So far, data suggest that the inflammatory invasion, stimulated by
an unknown trigger, commences from the adventitia at the level of vasa vasorum and
progresses to the intima leading to segmental stenosis, occlusion and aneurysm
formation. Several molecular mechanisms, also involved in the pathogenesis of pSS,
including matrix metalloproteinase activation, c-Jun N-terminal kinase, nuclear factor
kappa-light chain-enhancer of activated B cells and transforming growth factor beta
signaling pathways are implicated in the initiation and progression of aortic aneurysms

and aortic dissection (123). Significantly, while LVV are mainly regarded as T-cell
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mediated diseases, the immunohistochemical analysis of aortic tissue samples of LVV
patients, who underwent aortic aneurysm surgery, revealed massive B-cell infiltrates
organized into ectopic germinal centers, within the affected arterial wall (124). In pSS
patients, LVV is rare and only a few cases have been reported in the literature. The first
case of inflammatory abdominal aortic aneurysm in pSS patient with positive anti-Ro
and anti-La autoantibodies was reported by Ghinoi et al. (125), whereas more recently
Heper et al. (126) described a case of seronegative pSS patient with pleural and
pericardial effusions, ascites and ascending aortic aneurysm with increased uptake of
18-Fluorodeoxyglucose (FDG) in FDG—PET. A recent retrospective cohort study of
10941 Chinese Sjogren’s syndrome patients showed that pSS patients exhibit not only
increased prevalence of cardiovascular risk factors, including hypertension,
hypertriglyceridemia and early atheromatosis as previously shown (127), but also
increased risk of aortic aneurysm and aortic dissection (128). This clinical observation
has not been described in non-Asian patients with pSS, and remains an open question,
that can be addressed using noninvasive methods of vascular inflammation, including
vascular ultrasound or PET-FDG (17). The common signaling pathways and the
emerging role of B cell hyperreactivity in aortic aneurysms, could suggest that chronic
aortitis might be a manifestation of a systemic autoimmune process rather than an
aberrant local reaction to atherosclerosis. Cerebral LVV has also been described in
strongly anti-Ro and anti-La positive pSS patients, but an etiologic linkage between the

two diseases cannot be supported yet (129).

3.6 Prognosis of vasculitis in pSS

GEMESS Study Group examined the clinical features in 1010 Spanish pSS patients and
found that increased frequency of vasculitis was associated with younger age (disease
onset <35 years), long-term (>10 years) duration, as well as positive ANA, rheumatoid
factor and anti-Ro/La (130). Type-ll cryoglobulinemia is present in approximately 5-20%
of pSS patients and has been associated with high prevalence of extraglandular disease,
increased levels of rheumatoid factor, anti-Ro/SSA and low serum C4 (131). Tzioufas et

al. (132) were the first to demonstrate that mixed monoclonal cryoglobulinemia is a
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predictive factor for lymphoma development. Three years later Voulgarelis et al. found
that NHL patients exhibit increased prevalence of skin vasculitis (11%). Most of these
patients had increased levels of rheumatoid factor and cryoglobulins and low C4 serum
levels (133). CV is a major factor of increased morbidity in pSS. Despite the fact that most
patients experience a slowly progressive and benign course, 35% present with moderate
to severe disease course involving internal organs. The 10-year survival rate in mixed
cryoglobulinemic vasculitis is 56%. The worse prognosis is conferred by
glomerulonephritis especially in older aged (260 years), male patients. Higher serum
creatinine levels and increased proteinuria at CV diagnosis predispose to kidney failure
and death (116,134,135). The correlation between CV and lymphoma development that
has been discussed above, has an additive effect in the mortality of pSS and CV patients.
Symptomatic lymphomas are reported in 5-20% of CV patients within 10 years of
diagnosis, with B-cell lymphomas of the mucosa associated lymphoid tissue type being
the most common. Immunosuppression due to chronic immunosuppressive therapy
accounts for serious infections, but this constitutes a less frequent cause of death in

these patients (136-138).

3.7 Treatment of pSS related vasculitis

As previously reported systemic vasculitis is a potentially life-threatening disease
especially, if remains untreated. For immune-complex mediated systemic vasculitis
(AAV and CV) corticosteroids are the gold-standard of initial management especially in
patients with severe multiorgan involvement. Steroids should be tapered quickly and
there is no rule for chronic therapy. Other immunosuppressive agents including
cyclophosphamide, azathioprine and methotrexate are also used as induction or
maintenance therapy especially in patients with renal or PNS involvement with
variable response. It should be noted, however, that chronic exposure of patients with

pSS to alkylating agents may increase the potency of lymphomagenesis.

Anti-CD20 treatment (Rituximab), targeting B cells, has shown a very good efficacy in
treating mixed CV (aiming to limit the production of cryoglobulins) and AAV and should

be considered in all patients with severe to moderate disease (116,120,139,140). In
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patients with hyperviscosity syndrome due to increased concentration of
cryoglobulins, as well as rapidly glomerulonephritis (mainly seen in AAV) plasma
exchange can serve as an additional therapeutic option (140,142). Potential therapies
for refractory CV cases are mycophenolate mofetil and belimumab while tumor
necrosis factor inhibitors have been proved ineffective (143). Colchicine has been
reported to have favorable effect on purpura and leg ulcers (142). High dose of steroids
are the cornerstone of LVV therapy. Methotrexate, mycophenolate mofetil,
azathioprine and hydroxychloroquine have been used as steroid sparing agents. For
refractory disease, steroid dependent or resistant cases the anti-IL6R biologic agent
(Tocilizumab) is recommended as an effective alternative. Anti-TNF agents can be also

considered in recalcitrant disease despite the conventional therapy (145).

3.8 Future perspectives

Vasculitis is a severe extraglandular manifestation of pSS contributing to the increased
morbidity and mortality of the disease. Mixed cryoglobulinemia, glomerulonephritis
and purpura are associated with a four-fold increased risk of NHL development. The
properties of the disease can serve as an excellent model to get further insights into
the pathogenetic mechanisms underlying, autoreactive B cells, autoantibody
production and the transition from benign B-cell polyclonality to malignant lymphoma.
Further studies aiming to characterize B cells and mechanisms mediating their
activation/differentiation/transition; discover and validate biomarkers predicting the
development of CV; and the harmonization and stratification of CV patients, are
anticipated to provide relevant insights into autoimmunity and hematologic

malignancies and reveal novel therapeutic targets.
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CHAPTER 4. NON-INVASIVE VASCULAR BIOMARKERS IDENTIFY
EARLY VASCULAR DAMAGE AND GUIDE THE MANAGEMENT
OF CARDIOVASCULAR RISK FACTORS IN PSV.

4.1 Objectives

Primary systemic vasculitides constitute an heterogenous group of rare, chronic and
often recurrent systemic autoimmune/autoinflammatory diseases, that are
subdivided, in terms of nomenclature classification according to the size of the
predominantly affected vessels, to large, medium and small vessel vasculitis (1). Their
hallmark is the multi-level heterogeneity regarding the clinical phenotype, histologic
patterns, pathogenetic mechanisms and treatment selection strategies (18). In PSV,
the vascular damage characterized mainly by transmural inflammatory degeneration
of the vascular wall, implicates various disease-specific mechanisms including cellular
immunity, immune complex formation and presence of antineutrophil cytoplasmic
antibodies (ANCA) (146).

The acceleration of three classical types of arterial damage (inappropriate arterial
remodeling, atheromatosis and arteriosclerosis), affecting both the micro- and macro-
circulation, has also been proposed at least in some PSV types (17). This is attributed
to the interplay between tissue and systemic inflammation, immunosuppressive
therapy, and common cardiovascular disease-(CVD) risk factors (147) and may
contribute to the observed increased morbidity and mortality of PSV patients
(148,149), thus raising challenges and potential opportunities for the individualization
and optimization of PSV management. Based on easy to use, non-invasive vascular
indices, the monitoring of subclinical vascular damage (arterial hypertrophy /
remodeling, atheromatosis and arterial stiffening), not only provides insights on the
development of these vascular pathologies in PSV, but might be also used to guide
treatment, in similar ways as in individuals with CVD risk factors (47,150).

So far, the presence of accelerated atheromatosis, arteriosclerosis and inappropriate
arterial remodeling have been partly described in PSV. Stronger data exist for TAK, KD
and BD, and weaker for GCA and AVV (5,83,84,93,151-154). Most importantly these
data derive from small cross-sectional studies, with methodological drawbacks,

including evaluation of isolated arterial properties in single arterial beds and lack of
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follow-up data investigating the potential reversibility of arterial dysfunction or
damage according to the inflammatory bulk. Of note, alterations of the retinal
microcirculation and pressure wave reflections, parameters strongly associated with
CVD mortality (150,155), have not been studied in PSV.

The aim of the present study is to explore the presence and potential reversibility of
subclinical vascular dysfunction and/or damage both in the micro- and macro-
circulation in PSV by evaluating four main vascular pathologies (atheromatosis, arterial
stiffening, arterial remodeling/hypertrophy and pressure wave reflection-(PWR)
impairment) in four different vascular beds (carotid, aortic, femoral and retinal) using

gold-standard in clinical practice, non-invasive vascular biomarkers.

4.2 Study population and design

This is a prospective, matched 1:1, case-control study of consecutive, consenting PSV
patients recruited from the rheumatology outpatient clinic of the department of
Pathophysiology, between September 2017 and December 2021. All patients were
classified according to CHCC 2012 nomenclature (1), and the respective per disease
international classification criteria (156-162). Multiple control groups were used. First,
to address the hypothesis that PSV patients exhibit subclinical vascular damage during
active disease, apparently healthy individuals free of inflammatory burden,
established CVD and of any other chronic disease, that were referred to the
Cardiovascular Research Laboratory of Laiko General Hospital for CVD risk assessment,
were included in the analysis-(non-inflammatory control group-NIC). Second, to
address the potential effect of high inflammatory burden on arterial function and
structure, patients with PMR without underlying vasculitis and patients with RA were
used as disease controls. All PSV, PMR and RA patients were hospitalized or attaining
the corresponding outpatient clinics of Laiko General Hospital.

Matching was performed according to age, sex, presence of CVD history, BMI, smoking
status, AH including MAP during vascular measurements), dyslipidemia, HR, DM as
well as treatment related to CVD risk factors as follows: (i) all (with active and inactive
chronic disease) PSV patients were matched at 1:1 ratio with NIC and RA-controls, and

(ii) GCA and SVV patients were matched 1:1 and compared with PMR and RA-controls.
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For some PSV patients, vascular assessment of non-invasive vascular biomarkers was
performed at two time points: at study entry and upon remission (around 6 months
after baseline).

Demographic characteristics, CVD risk factors and associated medication, as well as
detailed clinical and laboratory data and disease related immunosuppressive therapy
were recorded at study entry and follow-up visits. In selected cases life- or organ-
threatening disease of some patients at study entry imposed the urgent and short-
term (< 7 days) initiation of immunosuppressive therapy prior to vascular assessment.
The global study design is presented in Figure 4.1 and has been partly published
previously (23). The study was approved by the Ethics Committee of School of
Medicine, National and Kapodistrian University of Athens, Greece (protocol no:
1718016656). All participants provided written informed consent for the collection
and use of all data, whereas the general data protection regulations and the Helsinki
Declaration were routinely followed. The study was partially funded by the Hellenic

Rheumatology Society.

88 PSV recruited
73 PSV finally studied

Matching groups:

*73 PSV vs 73NIC Retinal microcirculation:
*66 PSV vs 66 RA 53 PSV recruited
*24 GCAvs 24 PMR 42 PSV finally studied

[

Evaluation of macro-circulation:

PWA: 64 PSV vs 64 NIC, 56 PSV vs 56 RA, Matching groups:
PWV: 63 PSV vs 63 NIC, 54 PSV vs 54 RA, *40 PSV vs 40 RA
23 GCA VS 23 PMR. *16 GCAvs 16 PMR
U/S: 73 PSV vs 73 NIC, 65 PSV vs 65 RA, 24
GCAvs 24 PMR.
|— 33 PSV evaluation at 2 time points 13 PSV evaluation at 2 time points

Figure 4.1 Global study design.
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Exclusion criteria

Exclusion criteria for all participants (PSV group and the control groups) were: i) age
below 18 years, ii) other underlying systemic autoimmune/autoinflammatory disease,
iii) history of neoplastic disease for at least 10 years prior to study recruitment, iv)
active infectious disease or hospitalization for infectious disease for at least 6 months
before study entry, v) secondary hypertension, vi) absence of sinus rhythm during
laboratory testing, vii) modifications in CVD medication in the past month, and viii)

unwillingness/inability to adhere to study protocol.

Definitions of CVD risk factors and Disease Activity

Arterial hypertension was defined as the use of antihypertensive drugs and/or office
blood pressure measurement higher than 139 and/or 89 mmHg, dyslipidemia as the
use of lipid-modifying drugs and/or LDL level higher than 160 mg/dl, DM was defined
as glucose higher than 126 mg/dl or HbA1c higher than 6.5% and/or glucose-lowering
treatment and ex-smoking discontinuation for more than 6 months. Due to the lack of
a common disease activity scoring system for all PSV, PMR and RA patients, active
disease was defined as the presence of clinical symptoms and/or increased acute
phase reactants (erythrocyte sedimentation rate, ESR >20 mm/h and c-reactive
protein, CRP >5 mg/dl) while inactivity none of the above. 18FDG Positron emission
tomography with computed tomography, performed by a highly experienced nuclear
physician using the same protocol, was used at study entry to exclude subclinical
vasculitis in PMR patients and assess the extent of vascular involvement in LVV and

MVV patients.

4.3 Protocols for the assessment of non-invasive vascular biomarkers

All participants followed a common preparation protocol, including refraining from
food, vasoactive substances, or medication at least 3 hours before the vascular
assessment. All tests were performed after at least 10 minutes of rest in the supine

position by the same well-trained operator.
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Arterial stiffness

Arterial (aortic) stiffness was assessed using carotid to femoral PWV, a common,
validated applanation tonometric method (Sphygmocor device; Atcor Medical, Sydney,
Australia). Two different pulse waveforms were obtained, one at the right common
carotid artery and the second at the right femoral artery using a high-fidelity handheld
tonometer (SPT-301, Millar Instruments Inc. Houston, TX, USA). Carotid and femoral
pulse wave sequences were synchronized by using the simultaneously recorded ECG.
Pulse transit time from the carotid to the femoral artery was estimated by the tangential
method, implemented by the SphygmoCor device. The PWV was calculated by the ratio
of the distance traveled by the recorded pressure waves to the pulse transit time (in
m/sec). The distance was determined as the length from the suprasternal notch to
femoral artery minus the length from carotid artery to the suprasternal notch. At least
two repeated measurements of carotid to femoral PWV were performed and their
average value was used in the analysis in accordance with previous recommendations

(47). Arteriosclerosis was defined as PWV values greater than 10 m/s.

Brachial / aortic BP and Pressure Wave Reflections (Alx)

Office brachial BP measurements were performed with a validated automated
oscillometric device (Microlife WatchBP Office, Microlife AG, Widnau, Switzerland).
Three consecutive measurements (with 1 minute interval) were obtained, and the
average was used in the analysis. Office aortic pressure waveforms was assessed
through applanation tonometry of the radial artery using a high-fidelity handheld
tonometer (SPT-301, Millar Instruments Inc. Houston, TX, USA) and use of validated
generalized transfer function (Sphygmocor, AtCor Medical, Sydney, Australia). Arterial
waveforms at the radial artery were recorded during an 8 sec period and the pulse was
calibrated by the preceding brachial BP measurements. The peripheral pressure
waveform was converted into a central aortic waveform using an incorporated
validated generalized transfer function. Augmentation pressure was determined using
SphygmoCor software and identified as the difference between aortic pulse pressure
(PPc) and the first systolic shoulder of the aortic pulse wave. Aortic Alx was determined
as AP/PPc, expressed as a percentage and normalized for the heart rate of 75 bpm

(Alx75). At least two recordings were performed, and the average was used. The
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quality control of pressure waveforms provided by the Sphygmocor software was
based on beat-to-beat repeatability, sharp upstroke, definite sharp incisura, and near

exponential pressure decay in late diastole (163).

Atheromatosis and Arterial hypertrophy

Carotid and femoral ultrasonography was performed for the assessment of IMT and
presence of atheromatic plaques (B mode high frequency ultrasonography: Logiq V5
Expert; GE Healthcare, Fairfield, Connecticut, USA). Specifically, IMT was measured in
adjacent to any plaque (if present) at the far wall of the common carotid artery in end-
diastole of the cardiac cycle using semi-authomatic software (165). Carotid hypertrophy
was defined as left common carotid artery IMT > 0.9 mm. Atheromatic plague was
defined as local increase of the IMT of >50% compared to the adjacent vessel wall or a
bulging to the lumen IMT>1.5 mm. Carotid atheromatosis was defined as any plaque
presence at the (left or right) common carotid arteries or carotid bulbs and femoral

atheromatosis as presence of plaque at the (left or right) femoral arteries (47).

Retinal vessel calibers evaluation

Both eyes of each participant were photographed with a 45° digital, non-mydriatic
retinal camera (Topcon TRCNW8, Tokyo, Japan) after 5 min of adaptation in the dark
using a validated method (165). Retinal images were centered on the optic disc and
followed by quantitative retinal grading. All tests were conducted by a well-trained in
retinal microcirculation physician (EKA) blinded to the clinical data. For each
photograph, the calibers of retinal arterioles and venules passing through a zone
extending from 0.5 to 1.0 disc diameters from the optic disc margin were measured
and analyzed using a Static Retinal Vessel Analyzer (SVA-T and Vesselmap 2 software,
Visualis, Imedos Systems UG, Jena, Germany) (165). These measurements were then
summarized using previously described formulas (166) to compute the central retinal
arteriolar equivalent (CRAE) and the central retinal venular equivalent (CRVE),
representing the average internal caliber of retinal arterioles and venules, respectively.
In addition, the arteriolar to venular ratio (AVR) was computed as the quotient of CRAE
over CRVE. The intra-observer reproducibility of retinal vascular measurements was

excellent (intraclass correlation coefficients >0.93).
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4.4 Statistical analysis

Statistical analysis was performed using the STATA 13 software package and the SPSS
statistical package (IBM, version 21.0). Statistical significance was defined as p-value
<0.05. For description purposes frequencies distributions and mean plus SD, were
used for all quantitative data, while frequencies were used for qualitative ones.
Multivariable linear regression with further adjustment for MAP, HR during the
vascular examination was performed to compare left carotid cIMT, Alx and PWV
between patients and their respective matched controls; Alx75 was adjusted only for
MAP. To compare between patients and controls for the presence of atheromatic
plaques only univariable logistic regression was performed, since all patients were
matched. Further analysis over the correlation of PWV, IMT, Alx and Alx75, as well as
retina vessel calibers with CRP, ESR and their fluctuations after the follow up period
among the patients were conducted using Pearson correlation. For the presence of

atheromatic plaques univariate logistic regression was used.

4.5 Results

4.5a Patients’ characteristics

Seventy-three PSV patients were included in the study population. Of those, 42
(57.5%) were diagnosed with a type of LVV, 4(5.5%) with MVV and 27(37%) with SVV.
The male to female ratio of the total cohort was approximately 1:3 and the mean age
at study entry 63116 years. Active disease at study entry was observed in 65 (89%) of
patients. A detailed description of all patients, stratified per PSV type and their
matched controls characteristics, at study entry, are presented in Tables 4.1-4.5
respectively. In the retina study, retinal vessel calibers were evaluated in 42 patients
with PSV fulfilling the study selection criteria, of whom 21(50%) had LVV, 3 (7.1%) MVV
and 18 (42.9%) SVV. Active disease was detected in 29(69.1%) of patients. The vast
majority of all participants were females and the mean age at study entry was
59.4+12.1 years. A descriptive analysis of the features of all participants are shown in

Tables 4.6 and 4.7.
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All PSV NIC Active PSV NIC Inactive PSV NIC
(n=73) (n=73) (n=65) (n=65) (n=8) (n=8)
Age (meanzSD, years) 63+16 62.8+15.6 63%16 62.8+15.6 6317 62.8+16.8
Gender (female %) (n) 72.6(53) 72.6(53) 73.9(48) 73.9(48) 62.5(5) 62.5(5)
Disease type (%) (n)
LVV & MVV 63(46) - 63.1(41) - 62.5(5) -
GCA 49.3(36) 50.8(33) 37.5(3)
TAK 6.8(5) 4.6(3) 25(2)
18G4 aortitis 1.4(1) 1.5(1) 0(0)
PAN 5.5(4) 6.2(4) 0(0)
SVV 37(27) 36.9(24) 37.5(3)
GPA 12.3(9) 12.3(8) 12.5(1)
MPA 12.3(9) 12.3(8) 12.5(1)
EGPA 1.4(1) 1.5(1) 0(0)
HSP 4.1(3) 3.1(2) 12.5(1)
SKIN 5.5(4) 6.2(4) 0(0)
cv 1.4(1) 1.5(1) 0(0)
Disease course (%) (n)
Newly diagnosed 65.8(48) - 29.2(19) - 0(0) -
Relapse 26(19) 6.2(4) 37.5(3)
Chronic 8.2(6) 1.5(1) 62.5(5)
Active disease (%) (n) 89(65) 100(65) 0(0)
Clinical 0(0) 0(0) 0(0)
Laboratory 16.4(12) 1.5(1) 0(0)
Both 72.6(53) 35.4(23) 0(0)
CVD (%) (n) 9.6(7) 8.2(6) 10.8(7) 9.2(6) 0(0) 0(0)
CVD Risk factors
BMI (meanzSD) 26.96.1(67)  27.3+4.2(73) 26.8+ 6.3(60) 27.4+4.1(65) 27+4.4(7) 26.5+4.9(8)
Smoking (%) (n)
Current 24.7(18) 12.3(9) 26.2(17) 7.7(5) 12.5(1) 12.5(1)
Ex-smokers 19.2(14) (18) 16.9(11) 24.6(16) 37.5(3) 25(2)
AH (%) (n) 60.3(44) 67.1(49) 64.6(42) 69.2(45) 25(2) 50(4)
SBP (mean1SD) 127.5+19.3(72) 136+20(73) 127.2+19.9(64) 137+19(65) 129.7+14.2(8) 136+29(8)
DBP  (meaniSD) 72.3+10.5(72) 79+11(73) 72.3+10.8(64) 79+10(65) 71.9+8.7(8) 79+18(8)
PMean (meantSD) 92.6+13(71) 91.1+12.2(73) 92.2+13.6(63) 91.1+10.8(65) 95.5+7.1(8) 90.9+21.4(8)
HR 72+11.6(72) 69+11(73) 72.1+11.4(64) 69+11(65) 71.5+15(8) 70+9(8)
Dyslipidemia (%) (n) 42.5(31) 47.9(35) 38.5(25) 46.2(30) 75(6) 62.5(5)
TCHOL (meantSD) 186.3+58.8(67) 211+39(69) 182.6+57.7(60) 210+37(61) 218.4+62.8(7) 215.8+54.2(8)
LDL (meaniSD) 117.5+43.6(60) 126+34(68) 116.1+42.9(53) 127+34(60) 128.1+51(7) 124.8+37.7(8)
HDL (mean#SD) 51.2+17.7(61) 60+16(67) 50+18.1(54) 59+17(59) 60.1+11.9(7) 61.8+16.2(8)
TG 129.1+57.4(65) 123+77(69) | 124.5+48.7(58) 121+59(61) 167+103.6(7)  139.6+163.1(8)
Diabetes (%) (n) 9.6(7) 12.3(9) 10.8(7) 12.3(8) 0(0) 12.5(1)
Glu (meantSD) 99.3+26.3(72) 98+18(66) 100.8+27.1(64) 98+19(58) 0(0) 12.5(1)
Laboratory features
ESR (>20 mm/h) (%) (n) 78.1(57/73)) 25.8(8/31) 87.7(57/65) 27.6(8/29) 0(0/8) 0(0/2)
ESR (meanSD,mm/h) (n) 53.3+34.1(73) 17+11(31) 58.6+32.3(65) 18+11(29) 9.943.7(8) 8.5+4.9(2)
CRP (>5 mg/L) (%) (n) 73.6(53/72) 8.7(2/23) 82.8(53/64) 9.5(2/21) 0(0/8) 0(0/2)
CRP (mean#SD) 41.8+57.3(72) 2.5+1.6(23) 46.9+58.8(64) 2.6+1.7(21) 1.4+0.9(8) 1.6+0.6(2)
Comorbidities related treatment (%) (n)
Blood Pressure lowering drugs 54.8(40) 52.1(38) 58.5(38) 52.3(34) 25(2) 50(4)
Lipid modifying 32.9(24) 28.8(21) 27.7(18) 27.7(18) 75(6) 37.5(3)
Glucose lowering drugs 8.2(6) 12.3(9) 9.2(6) 12.3(8) 0(0) 12.5(1)
Disease related treatment (%) (n)
Glycocorticosteroids 74(54) 0(0) 75.4(49) 0(0) 62.5(5) 0(0)
Immunosuppressives 41.1(30) 0(0) 36.9(24) 0(0) 75(6) 0(0)

Table 4.1 Baseline - at study entry - characteristics of all patients with active and

inactive disease as compared to their matched NI controls.
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All PSV RA Controls Active PSV RA Controls Inactive PSV RA
(n=66) (n=66) (n=58) (n=58) (n=8) Controls
(n=8)
Age (meanzSD, years) 63+15 62115 62115 6317 61+18
Gender (female %) (n) 74.2(49) 74.2(49) 75.9(44) 75.9(44) 62.5(5) 62.5(5)
Disease type (%) (n)
LVV & MVV 65.2(43) - 65.5(38) - 62.5(5) -
GCA 50(33) 51.7(30) 37.5(3)
TAK 7.6(5) 5.2(3) 25(2)
1gG4 aortitis 1.5(1) 1.7(1) 0(0)
PAN 6.1(4) 6.9(4) 0(0)
Svwv 34.9(23) 34.5(20) 37.5(3)
GPA 13.6(9) 13.8(8) 12.5(1)
MPA 10.6(7) 10.3(6) 12.5(1)
EGPA 1.5(1) 1.7(1) 0(0)
HSP 3.0(2) 1.7(1) 12.5(1)
SKIN 4.6(3) 5.2(3) 0(0)
cv 1.5(1) 1.7(1) 0(0)
Disease course (%) (n)
Newly diagnosed 63.6(42) - 72.4(42) - 0(0) -
Relapse 27.3(18) 25.9(15) 37.5(3)
Chronic 9.1(6) 1.7(1) 62.5(5)
CVD (%) (n) 9.1(6) 10.6(7) 10.3(6) 12.1(7) 0(0) 0(0)
CVD Risk factors
BMI (meanzSD) 27.24(61) 27.8+5.1(66) 27.246.5(54)  27.6%5.0(58) 27+4.4(7)  29.246.5(8)
Smoking (%) (n)
Current 27.3(18) 27.3(18) 29.3(17) 25.9(15) 12.5(1) 37.5(3)
Ex-smokers 18.2(12) 27.3(18) 15.5(9) 29.3(17) 37.5(3) 12.5(1)
AH (%) (n) 59.1(39) 57.6(38) 63.8(37) 56.9(33) 25(2) 62.5(5)
SBP (mean1SD) 127.3+19.3(65) 133+21(65) 127+20(57) 135+22(57) | 129.8+14.2(8) 124+11(8)
DBP  (meanSD) 72.4+10.6(65) 78+14(65) 72.4+10.9(57) 78+15(57) 71.9+8.7(8) 75+5(8)
PMean (meaniSD) 92.9+13(64) 96.6+12.7(62) 92.5+13.7(56) 97+13.2(55) 95.5+7.1(8) 93.616.4(7)
HR 72.7+£11.3(65) 73+11(63) 72.8+10.8(57) 74+11(56) 71.5+15(8) 69+14(7)
Dyslipidemia (%) (n) 42.4(28) 36.4(24) 37.9(22) 34.5(20) 75(6) 50(4)
TCHOL (mean#SD) 192.2+59(60) 204+36(60) 188.7+58.2(53) 210433(53) | 218.4+62.8(7) 161+22(7)
LDL (meantSD) 120.5+44.1(55) 126+33(54) 119.4+43.5(48) 130+31(49) 128.1+51(7) 85+15(5)
HDL (meanSD) 51.3+17.5(56) 59+16(53) 50+17.8(49) 59+16(48) | 60.1+11.9(7) 55+18(5)
TG  (meaniSD) 133.8+57.2(58) 111+44(55) | 129.3+47.6(51) 113+46(48) | 167+103.6(7) 97+32(7)
Diabetes (%) (n) 9.1(6) 9.1(6) 10.3(6) 8.6(5) 0(0) 12.5(1)
Glu 98.9+24.3(65) 93+14(62) | 100.6+25.1(57) 92+14(55) | 87.4+13.9(8) 101+14(7)
Laboratory features
ESR (>20 mm/h) (%) (n) 78.8(52/66) 81.8(54/66) 89.7(52/58) 93.1(54/58) 0(0/8) 0(0/8)
ESR (meanSD,mm/h) (n) 53.9+34.4(66) 33+19(66) 60+32.3(58) 37+17(58) 9.9+3.7(8) 9+5(8)
CRP (>5 mg/L) (%) (n) 70.8(46/65) 54.8(34/62) 80.7(46/57) 63(34/54) 0(0/8) 0(0/8)
CRP (meantSD) 42+57.7(65) 10.2+10.9(62) 47.7459.4(57) 11.4+11.3(54) 1.4+0.9(8) 2.1+1.1(8)
Comorbidities related treatment (%) (n)
Blood Pressure lowering drugs 54.5(36) 47(31) 58.6(34) 44.8(26) 25(2) 62.5(5)
Lipid modifying 34.9(23) 24.2(16) 29.3(17) 20.7(12) 75(6) 50(4)
Glucose lowering drugs 7.6(5) 4.5(3) 8.6(5) 5.2(3) 0(0) 0(0)
Disease related treatment (%) (n)
Glycocorticosteroids 72.7(48) 68.7(46) 74.1(43) 69(40) 62.5(5) 75(6)
Immunosuppressives 43.9(29) 83.3(55) 39.7(23) 81(47) 75(6) 100(8)

Table 4.2 Baseline - at study entry - characteristics of patients per disease group as
compared to their matched RA controls.
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LVV & MYV NIC svv NIC
(n=46) (n=46) (n=27) (n=27)
Age (meanzSD, years) 67+13 66.4+12.9 57+18 57+18.1
Gender (female %) (n) 82.6(38) 82.6(38) 55.6(15) 55.6(15)
Disease type (%) (n) - GPA 33.3(9) -
GCA 78.3(36) MPA 33.3(9)
TAK 10.9(5) EGPA 3.7(1)
1gG4 aortitis 2.2(1) cv 3.7(1)
PAN 8.7(4) HSP 11.1(3)
Disease course (%) (n) SKIN 14.8(4)
Newly diagnosed 63(29) 70.4(19)
Relapse 30.4(14) 18.5(5)
Chronic 6.5(3) 11.1(3)
Active disease (%) (n) 89.1(41) 88.9(24)
Clinical 0(0) 0(0)
Laboratory 26.8(11) 4.2(1)
Both 73.1(30) 95.8(23)
CVD (%) (n) 13(6) 8.7(4) 3.7(1) 7.4(2)
CVD Risk factors
BMI (mean1SD) 25.8+4.6(42) 26.9+3.5(46) 28.6+7.8(25) 27.9+5.1(27)
Smoking (%) (n)
Current 30.4(14) 15.2(7) 14.8(4) 7.4(2)
Ex-smokers 21.7(10) 23.9(11) 14.8(4) 25.9(7)
AH (%) (n) 60.9(28) 69.6(32) 59.3(16) 63(17)
SBP  (meanzSD) 126.6+17.6(45) 139+18(46) 129422(27) 133422(27)
DBP (meaniSD) 71.1+11.1(45) 79+11(46) 74.249.3(27) 79+11(27)
PMean (meaniSD) 91.6+12.7(45) 91.8+12.5(46) 95.4+13.9(26) 90.4+11.6(27)
HR 71.6%12.7(45) 70%12(46) 72.619.8(27) 68+10(27)
Dyslipidemia (%) (n) 54.3(25) 63(29) 22.2(6) 22.2(6)
TCHOL (mean#SD) 203.3+60(44) 216+41(44) 154+40.8(23) 203+34(25)
LDL (meaniSD) 129+45.4(41) 130+35(43) 92.8+26.7(19) 119+32(25)
HDL (meanzSD) 52.8+17.6(42) 58+15(42) 47.7417.9(19) 62+18(25)
TG (meantSD) 135.2+62.7(42) 133+89(44) 118+45.4(23) 107+45(25)
Diabetes (%) (n) 13(6) 15.2(7) 3.7(1) 7.4(2)
Glu (mean#SD) 98.2+23.2(45) 99+20(43) 101.2+31.2(27) 97+14(23)
Laboratory features
ESR (>20 mm/h) (%) (n) 78.3(36/46) 33.3(6/18) 77.8(21/27) 15.4(2/13)
ESR (meantSD) 56.9+36(46) 19+13(18) 47.1+30.5(27) 15.9+6.8(13)
CRP (>5 mg/L) (n) 71.1(32/45) 7.7(1/13) 77.8(21/27) 10(1/10)
CRP (meanzSD) 40.3+57.8(45) 2.8+1.8(13) 44.3+57.5(27) 2.1+1.4(10)
Comorbidities related treatment (%) (n)
BP lowering drugs
Lipid modifying 56.5(26) 50(23) 51.9(14) 55.6(15)
Glucose lowering drugs 43.5(20) 37(17) 14.8(4) 14.8(4)
Disease related treatment (%) (n) 13(6) 15.2(7) 0(0) 7.4(2)
Glycocorticosteroids 80.4(37) 0(0) 63(17) 0(0)
Immunosuppressives 28.3(13) 0(0) 63(17) 0(0)

Table 4.3 Baseline - at study entry - characteristics of patients per disease group as

compared to their matched NI controls.
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LVV & MWV RA Controls svv RA Controls
(n=43) (n=43) (n=23) (n=23)
Age (meantSD, years) 66+13 65+12 56116 55+17
Gender (female %) (n) 86.1(37) 86.1(37) 52.2(12) 52.2(12)
Disease type (%) (n) - GPA 39.1(9) -
GCA 76.7(33) MPA 30.4(7)
TAK 11.6(5) EGPA 4.4(1)
18G4 aortitis 2.3(1) HSP 8.7(2)
PAN 9.3(4) SKIN 13(3)
cv 4.4(1)
Active disease (%) (n) 88.4(38) 88.4(38) 87(20) 87(20)
CVD (%) (n) 11.6(5) 9.3(4) 4.4(1) 13(3)
CVD Risk factors
BMI (meanzSD) 26+4.7(39) 28.145.4(43) 29.4+8(23) 27.1+4.6(23)
Smoking (%) (n)
Current 32.6(14) 32.6(14) 17.4(4) 17.4(4)
Ex-smokers 20.9(9) 20.9(9) 13(3) 39.1(9)
AH (%) (n) 60.5(26) 55.8(24) 56.5(13) 60.9(14)
SBP (meaniSD) 127.1+17.8(42) 135+24(42) 127.8+22.2(23) 130+12(23)
DBP (meanSD) 71.5411.3(42) 77+16(42) 73.849.3(23) 79+8(23)
PMean (meantSD) 92.4+12.8(42) 96.7+13.8(41) 93.9+13.8(22) 96.3+10.4(21)
HR (mean#SD) 72.7+£12.5(42) 74+13(41) 72.7+8.9(23) 71+9(22)
Dyslipidemia (%) (n) 53.5(23) 46.5(20) 21.7(5) 17.4(4)
TCHOL (meantSD) 207.61£59.8(41) 208+37(39) 158.8+42(19) 197+35(21)
LDL (meaniSD) 131.8+45.8(38) 132+33(37) 95.3+27(17) 113+30(18)
HDL (mean+SD) 53.6+17.6(39) 59+15(36) 45.8+16.8(17) 59+18(18)
TG (meaniSD) 139463.4(39) 110+45(37) 123.8+41.4(19) 113+43(19)
Diabetes (%) (n) 11.6(5) 7(3) 4.4(1) 13(3)
Glu (mean#SD) 96.1+17.9(42) 90+11(39) 104.2+32.8(23) 97+17(23)
Laboratory features
ESR (>20 mm/h) (%) (n) 79.1(34) 86.1(37) 78.3(18) 73.9(17)
ESR (meanzSD) 56.7+35.7(43) 37+20(43) 48.7+32.1(23) 26+13(23)
CRP (>5 mg/L) (n) 69.1(29/42) 52.5(21/40) 73.9(17) 59.1(13/22)
CRP (meantSD) 37.9456.1(42) 11.61+12.6(40) 49.3+61(23) 7.7+6.8(22)
Comorbidities related treatment (%) (n)
BP lowering drugs 58.1(25) 46.5(20) 47.8(11) 47.8(11)
Lipid modifying 44.2(19) 30.2(13) 17.4(4) 27.3(3)
Glucose lowering drugs 11.6(5) 4.7(2) 0(23) 4.4(1)
Disease related treatment (%) (n)
Glycocorticosteroids 79.1(34) 60.5(26) 60.9(14) 86.9(20)
Immunosuppressives 30.2(13) 74.4(32) 69.6(16) 78.3(18)

Table 4.4 Baseline - at study entry - characteristics of patients per disease group as
compared to their matched RA controls.
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GCA RA Controls GCA PMR Controls
(n=33) (n=33) (n=24) (n=24)
Age (mean1SD, years) 719 708 708 708
Gender (female %) (n) 93.9(31) 93.9(31) 83.3(20) 83.3(20)
Active disease (%) (n)Clinical 90.9(30) 90.9(30) 91.7(22) 91.7(22)
CVD (%) (n) 15.2(5) 12.1(4) 4.2(1) 0(0)
CVD Risk factors
BMI (meanSD) 26.1+4.1(29) 27.314.3(33) 25.6+3.5(20) 27.314.5(22)
Smoking (%) (n)
Current 33.3(11) 24.2(8) 29.2(7) 4.2(1)
Ex-smokers 21.2(7) 24.2(8) 33.3(8) 16.7(4)
AH (%) (n) 60.6(20) 57.6(19) 58.3(14) 66.7(16)
SBP (meanSD) 129.2+16.8(33) 135+23(32)  130.3+17.3(24) 127.3+12.5(24)
DBP (meantSD) 70.1+9.2(33) 76+17(32) 69.4+8.7(24) 70.6+7.8(24)
PMean (mean+SD) 91.5+12(33) 94.7+11.8(31) 90.9+13.1(24) 89.4+8.4(24)
HR (meanSD) 72.7+13.5(33) 73+12(31) 70.9+10(24) 73£11(24)
Dyslipidemia (%) (n) 48.5(16) 51.5(17) 45.8(11) 45.8(11)
TCHOL (mean%SD) 208.4+56.3(32) 214+38(30) 210.3+£59.9(23) 195.1+(20)
LDL (meanSD) 131.1+45.4(31) 137+33(29) 130.5+46.4(23) 113.6+25.5(15)
HDL (mean#SD) 55.7+18.2(31) 58+15(28) 55+17.6(23) 67.2+12.4(15)
TG (mean#SD) 131.6+49.8(30) 113+48(29)  120.5+50.7(22) 111.3+38.6(18)
Diabetes (%) (n) 12.1(4) 9.1(3) 16.7(4) 8.3(2)
Glu (meanSD) 95.4+17.7(33) 90,1+11.7(30)  100.9+27.9(24) 94.3+12.5(19)
Laboratory features
ESR (>20 mm/h) (%) (n) 84.9(28) 90.9(30) 87.5(21/24) 75(18/24)
ESR (mean+SD) 63.2+35(33) 40£19.9(30) 65+35.2(24) 39.9+27.6(23)
CRP (>5 mg/L) (n) 71.9(23/32) 46.7(14/30) 69.6(16/23) 62.5(15/24)
CRP (meantSD) 44,9+62(32) 9.9+10.2(30) 46.8+59.1(23) 17.9426.9(23)
Comorbidities related treatment (%) (n)
BP lowering drugs 57.6(19) 51.5(17) 50(12) 66.7(16)
Lipid modifying 42.4(14) 33.3(11) 41.7(10) 41.7(10)
Glucose lowering drugs 12.1(4) 6.6(2) 16.7(4) 8.3(2)
Disease related treatment (%) (n)
Glycocorticosteroids 75.8(25) 60.6(20) 75(18) 70.8(17)
Immunosuppressives 18.2(6) 78.8(26) 16.7(4) 20.8(5)

Table 4.5 Baseline - at study entry - characteristics of GCA patients and their matched

controls RA and PMR controls.
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All PSV NIC All PSV RA Controls
(n=42) (n=42) (n=40) (n=40)

Age (mean1SD, years) 59.4+12.1 58.8+11.5 58.5+11.6 57+11
Gender (female %) (n) 71.4(30) 71.4(30) 70(28) 70(28)
Disease type (%) (n)
LVV & MVV 57.1(24) - 55(22) -

GCA 38.1(16) 35(14)

TAK 9.5(4) 10(4)

1gG4 aortitis 2.4(1) 2.5(1)

PAN 7.1(3) 7.5(3)
SwW 42.9(18) 45(18)

GPA 16.7(7) 17.5(7)

MPA 14.3(6) 15(6)

HSP 2.4(1) 2.5(1)

SKIN 7.1(3) 7.5(3)

cv 2.4(1) 2.5(1)
Active disease (%) (n) 69.1(29) - 67.5(27) 67.5(27)
CVD (%) (n) 2.4(1) 2.4(1) 0(0) 5(2)
CVD Risk factors
BMI (meanzSD, kg/m?2) 28.846.0(41) 29.245.3(42) 28.946.1(39) 27.844.3(39)
Smoking (%) (n)

Current 23.8(10) 16.7(7) 22.5(9) 22.5(9)

Ex-smokers 21.4(9) 19.1(8) 22.5(9) 27.5(11)
AH (%) (n) 59.5(25) 59.5(25) 60(24) 47.5(19)
Dyslipidemia (%) (n) 52.4(22) 50(21) 50(20) 57.5(23)
Diabetes (%) (n) 7.1(3) 4.8(2) 7.5(3) 7.5(3)
Laboratory features
ESR (>20 mm/h) (%) (n) 57.1(24/42) 0(0/27) 55(22/40) 37.5(15/40)
ESR (meanSD, mm/h) 43.91(41) 11.7£(27) 43.3%35.4(39) 23.8+(40)
CRP (>5 mg/L) 54.8(23/42) 0(0/19) 52.5(21/40) 42.5(17/40)
CRP (mean1SD, mg/L) 34.8+57.2(41) 2.9+1.2(19) 35.6+58.4(39) 14.2+34.4(40)
Comorbidities related treatment (%) (n)
BP lowering drugs 45.2(19) 45.2(19) 45(18) 35(14)
Lipid modifying 40.5(17) 38.1(16) 37.5(15) 37.5(15)
Glucose lowering drugs 4.8(2) 4.8(2) 5(2) 7.5(3)
Disease related treatment (%) (n)
Glycocorticosteroids 61.9(26) 0(0) 62.5(25) 37.5(15)
Immunosuppressives 59.5(25) 0(0) 62.5(25) 100(40)

Table 4.6 Baseline - at study entry - characteristics of all patients that underwent
retinal vessel caliber evaluation with active and inactive disease state as compared to
their matched NIC and RA controls.
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GCA NIC GCA RA Controls GCA PMR
(n=16) (n=16) (n=14) (n=14) (n=16) (n=16)
Age (meanSD, years) 66.317.9 64.9+7.9 64.7+7.1 6418 66.317.9 67.417.1
Gender (female %) (n) 93.8(15) 93.8(15) 92.9(13) 92.9(13) 93.8(15) 93.8(15)
Active disease (%) (n) 81.3(13) 0(0) 78.6(11) 78.6(11) 81.3(13) 81.3(13)
CVD (%) (n) 6.3(1) 6.3(1) 0(0) 7.1(1) 6.3(1) 0(0)
CVD Risk factors
BMI (meanSD, kg/m?) 27.243.1(15) 27.6+3.1 27.5+3.2(13)  26.3#5.2(13)  27.2#3.1(15)  27.1+3.4(16)
Smoking (%) (n)
Current 31.3(5) 31.3(5) 28.6(4) 35.7(5) 31.3(5) 12.5(2)
Ex-smokers 31.3(5) 25(4) 35.7(5) 21.4(3) 31.3(5) 18.8(3)
AH (%) (n) 50(8) 50(8) 50(7) 50(7) 50(8) 68.7(11)
Dyslipidemia (%) (n) 68.8(11) 62.5(10) 64.3(9) 64.3(9) 68.8(11) 37.5(6)
Diabetes (%) (n) 12.5(2) 6.3(1) 14.3(2) 14.3(2) 12.5(2) 6.3(1)
Laboratory features
ESR (>20 mm/h) (%) (n) 75(12/16) 0(0/10) 71.4(10/14) 50(7/14) 75(12/16) 68.8(11/16)
ESR (meanSD, mm/h) 63.4+38.5(15) 12.6+7.0(10) 64.7+41(13) 23.8+13.8(14) 63.4+38.5(15) 38.4+23.3(15)
CRP (>5 mg/L) 62.5(10) 0(0/9) 57.1(8) 50(7/14) 62.5(10/16) 62.5(10/16)
CRP (meanxSD, mg/L) 49.4+76.6(15) 3.1+1.4(9) 54.2+81.5(13) 9.3+11.7(14) 49.4176.6(15) 14.7+20.9(15)
Comorbidities related treatment (%) (n)
BP lowering drugs 31.3(5) 37.5(6) 28.6(4) 50(7) 31.3(5) 62.5(10)
Lipid modifying 43.8(7) 50(8) 35.7(5) 57.1(8) 43.8(7) 37.5(6)
Glucose lowering drugs 6.3(1) 6.3(1) 7.1(1) 14.3(2) 6.3(1) 6.3(1)
Disease related treatment (%) (n)
Glycocorticosteroids 62.5(10) 0(0) 64.3(9) 35.7(5) 62.5(10) 75(12)
Immunosuppressives 31.3(5) 0(0) 35.7(5) 100(14) 31.3(5) 6.3(1)

Table 4.7 Baseline - at study entry - characteristics of GCA patients that underwent
retinal vessel caliber evaluation with active and inactive disease state as compared to
their matched NIC, RA and PMR controls.

4.5b Large vessel vasculitis is associated with increased arterial stiffness.

Baseline PWV was compared between 63 PSV patients and 63 matched NIC as well as

54 PSV and 54 RA-controls. The detailed results are presented in Table 4.8 In the overall

population, PWV of PSV patients was higher by 0.7 m/sec (i.e., suggesting a clinically

meaningful difference) as compared to NIC (p=0.21), and by 1.3 m/sec to RA-patients

(p=0.003). This tendency was more pronounced (1.2 m/sec and 1.9 m/sec) to those

with LVV/MVV-(p=0.08 and p=0.001 respectively); on the contrary in SVV no difference

to NIC and RA-control groups was found.
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All PSVY NIC P All PSV RA Controls P

(n=73) (n=73) (n=66) (n=66)
PWV (All) 10.5+2.7(63) 9.8+3.0(63) 0.21  10.5+2.8(54) 9.2+1.9(54) 0.003
PWV (Active) 10.6+2.7(56) 9.9+3.1(56) 0.30  10.6+2.8(47) 9.3+2.0(47) 0.013
PWV (Inactive) 10.1+3.3(7) 8.7+1.3(7) 0.44  9.9+3.1(7) 8.2+1.3(7) 0.14
LVV & MVV NIC P LVV & MVV RA Controls P
(n=46) (n=46) (n=43) (n=43)
PWV (All) 11.4+2.7(42) 10.2+3.1(42) 0.08 11.3+2.8(36) 9.4+1.9(36) 0.001
PWV (Active) 11.4+ 2.6(37) 10.4£3.3(37)  0.14  11.4+2.7(32) 9.5+1.9(32) 0.003
svw NIC P svw RA Controls P
(n=27) (n=27) (n=23) (n=23)
PWV (All) 8.9+2.1(21) 8.9+2.7(21) 028  8.9+2.1(18) 8.8+2.0(18) 0.66
PWV (Active) 9.0+2.1(19) 9.1+2.8(19) 035  8.9+2.2(15) 9.0+2.1(15) 0.89

Table 4.8 Pulse wave velocity (PWV) according to disease type and activity at baseline.
Baseline, at study entry, PWV compared to their matched non inflammatory and
rheumatoid arthritis controls presented for: all patients PSV independently and
according to disease state (active-inactive); per disease group separately:
irrespectively and in active disease status.

Further, sensitivity analysis showed that active giant cell arteritis-(GCA) patients had
higher PWV by 1.0 m/sec (trend by p=0.16), 2.2 m/sec (p=0.001) and 1.7 m/sec (p=0.02)
compared to NIC, RA and PMR-controls respectively (Figure 4.2A and Table 4.12).
Interestingly, PSV patients with chronic, inactive disease exhibited increased PWV

compared to either NIC (by 1.4 m/sec, p=0.44) or RA-controls (by 1.7 m/sec, p=0.14).

4.5c Pressure wave reflection is reduced in PSV and predominantly is SVV.

Augmentation index and Alx75 at study entry was evaluated in 64 and 65 PSV patients
respectively and compared at 1:1 with that of NIC, while 56 and 57 patients were
compared with equal number of RA-controls (Table 4.9). The total cohort exhibited
lower Alx in both active and inactive disease status compared to either NIC (all, p=0.03,
p=0.05, p=0.31, respectively) or RA-controls (trend but with no statistical significance:

p=0.13, p=0.16, 0.60, respectively). Similarly, AIx75 tended to be lower in PSV
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irrespectively to disease state compared to both NIC and RA-controls (Table 4.9).
Classifying patients according to PSV type we noticed that SVV patients had more
pronouncedly decreased Alx independently of inflammatory state (p=0.04, p=0.09)
and in active disease (p=0.11, p=0.07) as compared to NI and RA-controls. On the other
hand, patients with LVV/MVV had mildly lower Alx and Alx75 irrespectively of disease
status and matched control group. Interestingly, GCA patients had lower Alx and Alx75
compared to NIC and RA controls and higher in both all and those with active disease

when compared to PMR patients (no statistical significance) (Figure 4.2B, 4.2C, and

Table 4.12).
All PSVY NIC P All PSV RA Controls P
(n=73) (n=73) (n=66) (n=66)
Alx (All) (n) 29.4+14.6(64)  33.9+10.3(64) 0.03 29+24.7(56) 33.8+12.5(56) 0.13
Alx (Active) (n) 29.7+14.3(57)  34.1%9.9(57) 0.05 29.2+14.4(49)  33.9+11.7(49) 0.16
Alx (Inactive) (n) 27.3+18.4(7)  32.7+13.8(7) 0.31 27.3+18.4(7) 33.5+18.5(7) 0.60
Alx75 (All) (n) 26.9+14.6(65)  29.8+10.1(65) 0.15 27+15(57) 30.6+11.3(57) 0.30
AIx75 (Active) (n) 27.5+14.3(57)  29.9+9.8(57) 0.26 27.7+14.7(49)  30.8+10.6(49) 0.47
AIX75 (Inactive) (n)  22.9+17.4(8)  28.7t+12.7(8) 0.34 22.9+17.4(8) 29.6415.9 0.30
LVV & MVV NIC P LVV & MVV RA Controls p
(n=46) (n=46) (n=43) (n=43)
Alx (All) (n) 33.3+13.4(41) 36.9+8.8(41) 0.15 33.2+13.7(37) 35.9+10.9(37) 0.52
Alx (Active, all) 32.9+13.1(37) 36.4+8.3(37) 0.18 32.8+13.4(33) 34.9+10.5(33) 0.67
AIx75 (All) (n) 30.8+14(42)  32.9+7.3(42) 0.39 31.1+14.4(38) 32.749.2(38) 0.79
AIX75 (Active, all) 30.8+14(37)  32.6+7.7(37) 0.53 31.2+14.5(33) 31.848.9(33) 0.89
svwv NIC P SvVv RA Controls P
(n=27) (n=27) (n=23) (n=23)
Alx (All) (n) 22.5+14.4(23)  28.7+11.9(23) 0.04 20.7+13.3(19)  29.8+14.7(19) 0.09
Alx (Active, all) 23.7+14.8(20)  29.8+11.4(20) 0.11 21.8+13.8(16) 31.9+14(16) 0.07
AIx75 (All) (n) 19.9+13.3(23)  24+11.9(23) 0.11 18.7+13(19) 26.5+14(19) 0.17
AIx75 (Active, all) 21.4+13(20) 24.9+11.3(20) 0.2 20.4+12.7(16) 28.6+13.5(16) 0.15

Table 4.9 Augmentation index (Alx) according to disease type and activity at baseline.
Baseline, at study entry, Alx compared to their matched non-inflammatory and
rheumatoid arthritis controls presented for all PSV patients independently and
according to disease state (active-inactive); per disease group separately:
irrespectively and in active disease status.
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4.5d Large vessel vasculitis is characterized by accelerated atheromatosis at the
time of disease diagnosis.

Formation of atherosclerotic plaques at study entry was studied in 73 PSV patients, 73
NI and 66 RA controls. A detailed description per disease state, type, and vascular bed
is presented in Table 4.10 Increased global (carotid, femoral, both) atherosclerotic
plague formation was observed evaluating all (p=0.005, p=0.02, P=0.008) as well as
those patients with active disease (p=0.01, p=0.01, p=0.02) compared to Nl-controls
but only both carotid/femoral when compared to RA controls (p=0.01 and p=0.005
respectively). On the contrary that was not observed in patients with chronic (inactive)
disease independently to control group. Separation according to disease type revealed
increased plaque formation in all vascular beds in LVV/MVV patients (p=0.007, p=0.03,
p=0.004), and only both carotid/femoral (p=0.03) compared to NI and RA controls
respectively. Among LVV patients with active disease carotid and both carotid/femoral
location was observed more frequently (p=0.03 and p=0.016 respectively), compared
to NIC and carotid/femoral compared to matched RA (p=0.02). On the contrary, SVV
patients exhibit mildly elevated plaque formation as compared to their NI and RA
controls examined either all, or separately those with active disease . Interestingly,
active GCA was associated with increased carotid/femoral plaque formation compared
to NIC, RA and PMR matched controls (p=0.03, p=0.02, p=0.02) (Figure 4.2D and Table
4.12).
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All PSVY NIC P All PSV RA Controls P

(n=73) (n=73) (n=66) (n=66)

Plaques (%) (n) 75.3(55/73) 54.8(40/73) 0.01 73.9(48/65) 69.2(45/65) 0.56
Carotid 61.6(45/73) 38.4(28/73) 0.005 61.5(40/65) 49.2(32/65) 0.16
Femoral 68.5(50/73) 49.3(36/73) 0.02 66.2(43/65) 52.3(34/65) 0.11
Both 54.8(40/73) 32.9(24/73) 0.008 53.9(35/65) 32.3(21/65 0.01

Plaques (Active) 75.4(49/65) 55.4(36/65) 0.02 3.7(42/57) 68.4(39/57) 0.54
Carotid 63.1(41/65) 40(26/65) 0.01 63.2(36/57) 45.6(26/57) 0.06
Femoral 67.7(44/65) 49.2(32/65) 0.01 64.9(37/57) 50.9(29/57) 0.13
Both 55.4(36/65) 33.9(22/65) 0.02 54.4(31/57) (16/57) 0.005

Plaques (Inactive) 75(6/8) 50(4/8) 0.31 75(6/8) 75(6/8) 0.99
Carotid 50(4/8) 25(2/8) 0.31 50(4/8) 75(6/8) 0.31
Femoral 75(6/8) 50(4/8) 0.31 75(6/8) 62.5(5/8) 0.59
Both 50(4/8) 25(2/8) 0.31 50(6/8) 62.5(5/8) 0.62

LVV &MVV NIC P LVV & MVV RA Controls P
(n=46) (n=46) (n=43) (n=43)

Plaques (All) 84.8(39/46) 65.2(30/46) 0.03 83.3(35/42) 78.6(33/42) 0.58
Carotid 73.9(34/46) 45.7(21/46) 0.007 73.8(31/42) 61.9(26/42) 0.25
Femoral 78.3(36/46) 45.7(21/46) 0.03 76.2(32/42) 59.5(25/42) 0.11
Both 67.4(31/46) 37(17/46) 0.004 66.7(28/42) 42.9(18/42) 0.03

Plaques (Active, all)  82.9(34/41) 65.9(27/41) 0.08 81.1(30/37) 75.7(28/37) 0.57
Carotid 73.2(30/41) 48.8(20/41) 0.03 73(27/37) 56.8(21/37) 0.15
Femoral 75.6(31/41) 56.1(23/41) 0.07 73(27/37) 56.8(21/37) 0.15
Both 65.8(27/41) 39(16/41) 0.016 64.9(24/37) 37.8(14/37) 0.02

swv NIC P Swv RA Controls P
(n=27) (n=27) (n=23) (n=23)

Plaques (All) 59.3(16/27) 37(10/27) 0.11 56.5(13/23) 52.2(12/23)  0.77
Carotid 40.7(11/27) 25.9(7/27) 0.25 39.1(9/23) 26.1(6/23) 0.35
Femoral 51.9(14/27) 37(10/27) 0.28 47.8(11/23) 39.1(9/23) 0.55
Both 33.3(9/27) 25.9(7/27) 0.55 30.4(7/23) 13(3/23) 0.16

Plaques (Active, all) 62.5(15/24) 37.5(9/24) 0.09 60(12/20) 55(11/20) 0.75
Carotid 45.8(11/24) 25(6/24) 0.14 45(9/20) 25(5/20) 0.2
Femoral 54.2(13/24) 37.5(9/24) 0.25 50(10/20) 40(8/20) 0.53
Both 37.5(9/24) 25(6/24) 0.35 35(7/20) 10(2/20) 0.07

Table 4.10 Presence of atheromatic plaques according to disease type and activity at
baseline. Baseline, at study entry, Al compared: (i) their matched non inflammatory
and rheumatoid arthritis controls presented for: all patients PSV independently and
according to disease state (active-inactive); per disease group separately:
irrespectively and in active disease status.

4.5e Intima Media Thickness of PSV/PMR patients and their matched controls

Baseline IMT evaluation was in 72 PSV/PMR patients, 72 NIC and 65 RA controls. The
results are shown in detail in Table 4.11. Overall, IMT at the LCCA of all patients
independently of disease and control group tended to be increased in both active and
inactive disease state. After, classifying patients per disease group only those patients
with LVV/MVV exhibited increased LCCA IMT when evaluated independently to
baseline disease state (p=0.04; NIC and p<0.001; RA controls) as well as in active

disease (p=0.13 NIC, p=0.003; RA controls). In addition, active GCA patients had
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increased LCCA IMT compared to NIC, PMR and RA controls (p=0.22, p=0.006, p=0.04,

respectively). (Figure 4.2E and Table 4.12).

All PSVY NIC P All PSV RA Controls P
(n=73) (n=104) (n=66) (n=66
IMT LCCA (n)
All 0.8410.3(72) 0.7710.2(72) 0.1 0.84+0.3(65) 0.70£0.2(65) 0.001
Active 0.83+0.3(64) 0.78+0.2(64) 0.24 0.83+0.3(57)  0.70+0.1(57) 0.003
Inactive 0.92+0.4(8) 0.690.2(8) 0.18 0.92+0.4(8) 0.69+0.2(8) 0.1
LVV & MVV NIC P LVV & MVV RA Controls P
(n=46) (n=46) (n=43) (n=43)
IMT LCCA (n)
All 0.92+0.3(45) 0.80+0.2(45) 0.04 0.92:0.4(42)  0.70+0.1(42)  <0.001
Active 0.90+0.3(40) 0.81+0.2(40) 0.13 0.89+0.4(37) 0.70+0.1(37) 0.003
svv NIC P svwv RA Controls P
(n=27) (n=27) (n=23) (n=23)
IMT LCCA (n)
All 0.69+0.2(27) 0.71+0.2(27) 0.39 0.70:0.2(23)  0.69:0.2(23) 0.49
Active 0.70+0.2(24) 0.72+0.2(24) 0.48 0.70+0.1(20 0.70+0.2(20) 0.72

Table 4.11 Intimal-medial-thickness in PSV/PMR patients and their matched controls
at baseline. Baseline, at study entry, Al compared: (i) their matched non inflammatory
and rheumatoid arthritis controls presented for: all patients PSV/PMR independently
and according to disease state (active-inactive); per disease group separately:

irrespectively and in active disease status.
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Figure 4.2 Alterations of the macro-circulation in active GCA
Comparison vascular biomarkers between active GCA and matched NIC, RA and PMR
controls: 1A) PWV, 1B) Alx, 1C) Alx75 between active GCA and controls, 1D) plaques

formation in both carotid and femoral beds, 1E) LCCA IM.
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GCA NIC P GCA RA Controls P GCA PMR P
(n=36) (n=36) (n=33) (n=33) (n=24) (n=24)
PWV (All) 11.8+2.6(34) 10.843.2(34) 0.16 11.842.7(28) 9.6+1.8(28) 0.001 11.9+2.6(23) 10.2+2.6(23) 0.02
PWV (Active) 11.6+2.6(31) 10.943.3(31) 0.30 11.612.8(26) 9.7+1.8(26) 0.005 11.742.6(21) 9.9+2.4(21) 0.02
Alx (All) (n) 33.8+136(35)  37.36.8(35) 0.10 33.8+14(31) 36.5+9.9(31) 0.60 33.4+14.4(21) 30£9.4(21) 043
Alx (Active, all) 34413.4(32) 36.916.9(32) 0.17 34+13.8(28) 35.949.6(28) 0.76 32.4+14.2(19) 28+8.4(19) 0.30
AIx75 (All) (n) 31.8+143(35)  33.3%6.0(35) 0.47 324+147(31)  32.8+7.8(31) 0.82 32.8+15.7(24)  27.6%8.2(24) 0.18
AIX75 (Active, all) 31.6+14.7(32) 33.246.2(32) 0.57 32.2+15.2(28) 32.8+7.6(28) 0.77 32.1+16.2(22) 26.1+7.7(22) 0.17
Plaques (All) 86.1(31/36) 69.4(25/36) 0.1 84.4(27/32) 84.4(27/32) 0.99 91.7(22/24) 91.7(22/24) 0.99
Carotid 77.8(28/36) 50(18/36) 0.02 78.1(25/32) 65.6(21/32) 0.27 79.2(19/24) 66.7(16/24) 0.33
Femoral 80.6(29/36) 61.1(22/36) 0.07 78.1(25/32) 65.6(21/32) 027 87.5(21/24) 66.7(16/24) 0.1
Both 72.2(26/36) 41.7(15/36) 0.01 71.9(23/32) 46.9(15/32) 0.04 75(18/24) 41.7(10/24) 0.02
Plaques (Active, all) 84.9(28/33) 69.7(23/33) 0.15 82.8(24/29) 82.8(24/29) 0.99 90.9(20/22) 90.9(20/22) 0.99
Carotid 78.8(26/33) 54.5(18/33) 0.04 79.3(23/29) 62.1(18/29) 0.15 81.8(18/22) 63.6(14/22) 0.18
Femoral 78.8(26/33) 60.6(20/33) 0.11 75.9(22/29) 62.1(18/29) 0.26 86.4(19/22) 68.2(15/22) 0.16
Both 72.7(24/33) 45.5(15/33) 0.03 72.4(21/29) 41.4(12/29) 0.02 77.3(17/22) 40.9(9/22) 0.02
IMT LCCA (n)
All 0.93+0.4(35) 0.83+0.2(35) 0.20 0.92+0.4(32) 0.71+0.1(32) 0.002 0.98+0.4(23) 0.76+0.2(23) 0.03
Active 0.94+0.4(32) 0.84+0.2(32) 0.22 0.93+0.4(29) 0.72+0.1(29) 0.006 0.98+0.4(21) 0.76+0.2(21) 0.04
Eyes (n) 31 31 27 26 31 31
CRAE (All) 175.6+£22.3 166.1+16.0 0.059 176.6123.3 167.5+14.3 0.091 175.6+22.3 179.7+£22.0 0.460
CRVE (All) 214.14315 202.6+16.7 0.080 212.5431.9 205.0+£19.7 0.311 214.1431.5 213.8+17.1 0.966
AVR (All) 0.83+0.08 0.82+0.06 0.762 0.84+0.06 0.82+0.07 0.404 0.83+0.08 0.84+0.08 0.474
Eyes (n) 25 25 21 20 25 26
CRAE (Active) 178.3+23.0 165.7+17.8 0.035 180.1+24.2 170.7+£13.5 0.131 178.3+23.0 178.3+22.7 0.999
CRVE (Active) 219.6132.0 200.8+17.4 0.014 218.6133.0 210.5+16.5 0.327 219.6132.0 213.1+16.6 0.378
AVR (Active) 0.82+0.08 0.83+0.06 0.720 0.83+0.07 0.81+0.08 0.516 0.82+0.08 0.84+0.09 0.458

Table 4.12 Alterations of the macro- and micro- circulation of GCA patients compare
to their matched NIC, RA and PMR controls at baseline.

4.5f Alterations of vascular biomarkers (PWV, Alx/AIx75 and IMT) in two time points

(active versus inactive disease) and correlation with acute phase reactants.

Potential changes of the studied vascular biomarkers between active and inactive

disease were evaluated in 33 PSV patients. Independently to disease type the most

sensitive to change following the reduction of the inflammatory bulk biomarker

tended to be the IMT LCCA that was found to be decreased in all vasculitis subgroups

(no statistical significance) (Table 4.13). In the overall group but also after sensitivity

analysis classifying patients according to disease type (data not shown) we observed

that PWV exhibited only mild modifications in all disease groups with no statistical

significance. On the contrary, Alx75 was found to be decreased in LVV/MVV (p=0.09)

but increased in SVV patients with disease in remission (p=0.12).
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Active PSV Inactive PSV Pvalue

(Baseline, n=33) (1 visit, n=33)
PWV (mean#SD) (n) 10.4+2.2(28) 10.312.8(28) 0.80
Alx (meanzSD) (n) 33.3+14.2(24) 32.9+12.1(24) 0.62
Alx75 (mean#SD) (n) 31.1#15.1(24) 28.4+11(24) 0.70
MEAN IMT LCCA (mean3SD) (n) 0.89+0.4(29) 0.80+0.3(29) 027

Active LWV & MW Inactive LW & MW  Pvalue Active SW Inactive SWW Pvalue

(Baseline, n=23) (1% visit, n=23) (Baseline, n=10) (1% visit, n=10)
PWV (mean+SD) (n) 10.8+2.1(20) 10.4+2.4(20) 0.59 9.5+2.4(8) 10.3+4.0(8) 033
Alx (meanSD) (n) 36.7+10.5(16) 34.1+9.7(16) 0.62 26.5+18.5(8) 30.5+16.4(8) 0.15
Alx75 (mean+SD) (n) 36.1+12.4(16) 29.3+8.7(16) 0.09 21.3+16.1(8) 26.8+15.3(8) 0.12
MEAN IMT LCCA (mean+SD) (n) 0.97+0.4(20) 0.88+0.3(20) 0.45 0.7240.1(9) 0.64+0.1(9) 0.87

Table 4.13 Alterations of vascular biomarkers in patients with active disease at
baseline (study entry) and at the follow-up 1st visit with disease in remission (inactive
disease) at baseline. Baseline, at study entry, PWV, Al/AI75 and IMT compared to
themselves at 1st visit with disease in remission (active vs inactive disease state): all
patients PSV/PMR independently and separately per disease group.

Pearson’s linear correlation coefficient analysis moving from active to inactive disease

stage revealed bivariate correlation only between IMT-LCCA and CRP in SVV patients.

The detailed results between the linear correlation of all the above non-invasive

vascular biomarkers with the standard of care acute phase reactants (ESR and CRP) are

presented in Table 4.14.

4.14A Active PSV Active LVV & MVV Active SWW
(n=65) (n=41) (n=24)
PWV ESR (r/p) 0.04/0.77 -0.12/0.48 0.2/0.41
CRP (r/p) -0.25/0.07 -0.3/0.08 -0.25/0.31
Alx ESR (r/p) 0.13/0.34 0.09/0.61 0.03/0.91
CRP (r/p) -0.07/0.63 0.05/0.75 -0.33/0.16
AIx75 ESR (r/p) 0.16/0.22 0.11/0.5 0.09/0.71
CRP (r/p) -0.07/0.61 0.01/0.96 -0.3/0.2
IMT
LCCA ESR (r/p) 0.16/0.20 0.15/0.35 -0.06/0.8
CRP (r/p) 0.04/0.75 0.08/0.61 -0.05/0.81
Plaques (Y/N) ESR (OR/P) 1.01/0.64 1.001/0.94 1.01/0.85
CRP (OR/P) 0.99/0.34 0.99/0.66 0.99/0.37
Carotid ESR (OR/P) 0.99/0.43 0.99/0.82 0.97/0.1
CRP (OR/P) 0.99/0.68 1.001/0.88 0.99/0.25
Femoral ESR (OR/P) 1.01/0.56 1.001/0.92 1.001/0.7
CRP (OR/P) 0.99/0.74 0.99/0.94 0.99/0.76
Both ESR (OR/P) 0.99/0.54 0.99/0.86 0.97/0.13
CRP (OR/P) 0.99/0.89 1.003/0.67 0.99/0.51
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4.14B PSV Lvv & Mmvv svv

(n=33) (n=23) (n=10)
DPWV DESR (r/p) 0.29/0.22 0.12/0.68 0.4/0.44
DCRP (r/p) 0.25/0.24 0.22/0.37 0.02/0.96
DAIx DESR (r/p) 0.3/0.23 0.19/0.55 0.54/0.27
DCRP (r/p) 0.29/0.2 0.26/0.35 0.18/0.73
DAIx75 DESR (r/p) 0.04/0.86 0.08/0.81 0.55/0.25
DCRP (r/p) -0.04/0.87 0.18/0.53 0.3/0.61
IMT
LCCA DESR (r/p) 0.16/0.5 0.17/0.59 0.41/0.36
DCRP (r/p) 0.11/0.58 0.07/0.79 0.91/0.005
Table 4.14

4.14A Pearson’s linear correlation coefficient (r), or odds ratio (OR), and p values,
between non-invasive vascular biomarkers with standard of care inflammatory
biomarkers (CRP or ESR), in all participants with active disease at baseline (study entry)
examination, stratified according to the underlying disease.

4.14B Pearson’s linear correlation coefficient (r) and p values between on the one hand
the difference from active to inactive disease status of non-invasive vascular
biomarkers and on the other hand the corresponding difference of c-reactive protein
(DCRP) or erythrocyte (DESR) sedimentation rate.

4.5g Alterations of the retinal microcirculation in PSV patients.

Retinal microcirculation in PSV is altered in both active and inactive disease state.
Baseline retinal vessel calibers (CRAE & CRVE) were compared between patients and
their matched controls and are presented in Table 4.15. In the overall population PSV
patients had increased CRVE (p=0.003) and CRAE (p<0.001) as compared to NIC and
RA controls (p=0.04, p=<0.001) independently to disease type and state. Interestingly
after separating patients according to disease type, we found that LVV/MVV had
increased both CRVE and CRAE independently to disease state (all: p=0.004, p=0.011
and p=0.005, p=0.017 respectively) compared to NIC but only CRAE when compared
to RA controls (p=0.018, p=0.054). Further sensitivity analysis revealed that GCA
patients with active disease had increased CRVE and CRAE compared to NIC (p=0.014,
p=0.035 respectively) as well as when compared to RA and PMR patients but with no

statistical significance (Figure 4.3A-4.3B, Table 4.12). On the contrary SVV patients
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displayed statistically significant increased CRAE but not CRVE irrespectively to
disease state and control group (Table 4.15). In patients with chronic disease
remission CRAE and not CRVE was found to be increased compared to NIC (p=0.029)
and RA-controls (p=0.008); no subpopulation analysis was feasible due to the limited

number of patients per disease type.
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Figure 4.3 Alterations of the retinal micro-circulation in active GCA.
Comparison of CRVE (A) and CRAE (B) between active GCA and their matched NIC, RA
and PMR controls.
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All PSV NI Controls P Active PSV NI Controls P Inactive PSV NI Controls P
(n=42) (n=42) (n=29) (n=29) (n=13) (n=13)
Eyes (n) 82 81 57 56 25 25
CRAE 179.8£17.4 166.2£15.3 <0.001 180.5£17.6 164.7£17.1 <0.001 178.3+£17.1 169.4+9.8 0.029
CRVE 213.1422.2 203.8£16.4 0.003 213.9423.9 201.9415.7 0.002 211.3+18.0 208.1£17.5 0.517
AVR 0.85+0.07 0.82+0.07 0.007 0.85+0.08 0.82+0.07 0.029 0.84+0.06 0.82+0.06 0.104
ALL PSV RA P Active PSV Active RA P Inactive PSV Inactive RA P
(n=40) (n=40) (n=27) (n=27) (n=13) (n=13)
Eyes (n) 78 74 53 51 25 23
CRAE 180.4+17.4 167.1+18.1 <0.001 181.4+17.6 169.6+£18.1 0.001 178.3+17.1 163.9+18.7 0.008
CRVE 212.5+21.8 205.5£20.6 0.043 213.1+23.6 206.1+20.7 0.113 211.3+£18.0 204.1+£20.9 0.202
AVR 0.85+0.06 0.82+0.07 0.003 0.8610.07 0.83+0.07 0.028 0.84+0.06 0.81+0.07 0.032
AllLVW/MVV NI Controls P Active LVV/MVV NI Controls P ALL LVV/MVV ALLRA P
(n=24) (n=24) (n=15) (n=15) (n=22) (n=22)
Eyes (n) 47 46 29 29 43 40
CRAE 177.5+20.5 167.9+14.6 0.011 178.61+21.6 166.2+16.6 0.017 178.3+20.9 168.9114.0 0.018
CRVE 216.2+26.6 202.5+16.9 0.004 219.4+29.9 200.8+16.1 0.005 215.4+26.6 207.6x17.7 0.119
AVR 0.83+0.07 0.83+0.06 0.687 0.82+0.08 0.83+0.06 0.643 0.83+0.06 0.82+0.07 0.291
Active LWW/MVV  Active RA P ALL SVV NI Controls P Active SWW NI Controls P
(n=13) (n=13) (n=13) (n=13) (n=14) (n=14)
Eyes (n) 25 24 35 35 28 27
CRAE 180.2+22.4 169.9+12.8 0.054 183.0+11.5 163.9+16.1 <0.001 182.5+12.3 163.2+17.9 <0.001
CRVE 21851304 211.2+159 0.292 209.0+13.6 205.5+15.8 0.326 208.2£14.0 203.2+15.4 0.212
AVR 0.83+0.06 0.81+0.07 0.277 0.88+0.06 0.80+0.08 <0.001 0.88+0.06 0.81+0.09 0.001
ALL SVWW RA P Active SVV Active RA P
(n=18) (n=18) (n=14) (n=14)
Eyes (n) 35 34 28 27
CRAE 183.0£11.5 166.6122.5 <0.001 182.5+12.3 169.4+22.0 0.010
CRVE 209.0+13.6 203.0+23.6 0.202 208.2£14.0 201.61£23.6 0.217
AVR 0.88+0.06 0.82+0.07 0.001 0.88+0.06 0.84+0.07 0.031

Table 4.15 Retinal Vessel Calibers alterations according to disease type and activity at
baseline. Baseline, at study entry, retinal vessel calibers compared to their matched

NIC and RA controls per disease type and state.

Retinal microcirculation in PSV is altered in a reversible (venules)
and irreversible way (arterioles).
The evolution of retinal vessel calibers in active and inactive disease state was

evaluated in 13 PSV patients and is presented in Figure 4.4. The retreat of

inflammation after immunosuppressive treatment for < 6 months reduced CRVE and

CRAE of patients with inflammatory disease (p=0.026 and 0.069 respectively) (Figure
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4.4A & 4.4B). Of note, patients in remission had still higher values of both CRVE and
CRAE as compared to their matched NIC controls (p=0.001 or 0.002) (Figure 4.4A &
4.4B). Pearson’s linear correlation coefficient in active disease state (at baseline
examination) revealed a bivariate correlation only between CRVE and standard of care
acute phase reactants (both ESR and CRP) (Table 4.16). Following subgrouping of
patients per disease type, both CRVE and CRAE correlated with ESR only in the LVV-
MVV group (cc/p=0.644/0.017and 0.717/0.006 respectively) (Table 4.16A). Applying
the same model of correlation in those patients with measurements in both active
and inactive stage comparing the difference of the above parameters between the
two time points we found bivariate correlation only between DCRVE with

DESR(cc/p=0.628/0.021) (Table 4.16B).
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Figure 4.4 Retinal vessel calibers in PSV patients with active disease at baseline (study
entry) and available retina vessels’ measurement at the time of disease remission
(inactive disease). A) Alterations of CRVE (mean+SD) of 13 PSV patients (n=25 eyes)
between active and inactive disease state (218+25.8 vs 212.2+21.2, p=0.026). PSV
patients had increased CRVE when compared with NIC in both active (218+25.8 vs
195.3+15.1, p=<0.001) and inactive (212.2421.2 vs 195.3+15.1, p=0.002) vasculitis
status. B) Changes of CRAE (mean+SD, uM) of 13 PSV patients (n=25 eyes) between
active and inactive disease state (184.4+19.7 vs 180.6+24.3, p=0.069). PSV patients
had increased CRAE when compared with 13 NIC (n=26 eyes) in both active (184.4+19.7
vs 157.8420.9, p=<0.001) and inactive (180.6+24.3 vs 157.8+20.9, p=0.001) vasculitis
status. *=<0.05, **=<0.01, ***=<0.001.
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4.16A Active PSV Active LVW/MVV Active SVV Active GCA :4.163 PSV
(n=27) (n=13) (n=14) (n=11) x (n=13)

CRAE :DCRAE

ESR (cc/p) 0.322/0.101 0.717/0.006 -0.299/0.299 0.692/0.018 mDESR (cc/p) 0.125/0.685
CRP (cc/p) 0.237/0.234 0.294/0.329 0.155/0.596 0.343/0.301 mDCRP (cc/p) -0.077/0.803
CRVE ®DCRVE

ESR (cc/p) 0.541 / 0.004 0.644/0.017  0.150/0.609 0.551/0.079 =DESR (cc/p) 0.628/0.021
CRP (cc/p) 0.528 / 0.005 0.514/0.072 0.446/0.110 0.530/0.093 mDCRP (cc/p) 0.519/0.069

Table 4.16 Association of retina vessel calibers with ESR and CRP

4.16A Pearson’s linear correlation coefficient (cc) and p values between retinal vessels
calibers (CRAE or CRVE) and standard of care inflammatory biomarkers (CRP or ESR),
in all participants with active disease at baseline (study entry) examination, stratified
according to the underlying disease. 4.16B Pearson’s linear correlation coefficient (cc)
and p values between on the one hand the difference from active to inactive disease
status of central retinal arteriolar equivalent (DCRAE) or central retinal venule
equivalent (DCRVE) and on the other hand the corresponding difference of c-reactive
protein (DCRP) or erythrocyte (DESR) sedimentation rate.

4.5h Discussion

This is the first study to explore comprehensively the functional and structural
alterations of both micro- and macro- circulation, in PSV utilizing three state-of-the
art, easily accessible, non-invasive techniques (ultrasonography, applanation
tonometry and digital retinal images) in both active and inactive disease state, using
as control groups individuals with no (NIC), mild (RA) and high inflammatory burden
(PMR without underlying vasculitis). This approach allowed us to conclude that: i)
aortic stiffness was statistically, clinically meaningful and irreversibly increased in
LVV/MVV patients, ii) PWRs were altered in all and predominantly in SVV patients, iii)
LVV/MVV patients presented increased burden of atheromatosis already upon disease
diagnosis, iv) reversible upon remission common carotid remodeling (higher IMT) was
observed in LVV/MVV, v) the retinal microcirculation exhibited vasodilation - in at least
partly reversible (venules) and irreversible (arterioles) manner, associated with the
level of the inflammatory response and irrespectively of the underlying disease-
specific pathogenetic mechanisms, suggesting that digital retinoscopy might represent
any easy direct tool to monitoring disease activity in PSV. Further sensitivity analysis

revealed that GCA patients displayed increased aortic stiffness and accelerated
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atheromatosis upon disease diagnosis as well as inappropriate carotid remodeling
compared to either NIC, RA and PMR controls.

Aortic stiffening (AS), as assessed by carotid to femoral PWYV, is an established maker
of CVD mortality and morbidity in the general population (167), as well as, in several
systemic autoimmune/autoinflammatory diseases (168). In the latter group AS is
partially attributed to acute and chronic low-grade inflammation that induce
functional and structural changes in the arterial wall (169). In PSV limited previous
studies have shown evidence of increased PWV in TAK and BD patients, irrespectively
to disease activity, while data are more controversial in the case of AAV (150) and
scarce in GCA with only one study showing increased AS in inactive GCA with thoracic
aorta dilatation (65). In line with these data, the present study displayed that
LVV/MVV, but not SVV, patients have increased AS. Of note, the present evidence
showed, that in contrast to other clinical disorders characterized by AS including
among others RA, arterial hypertension (AH), and DM (170,171), in LVV/MVV patients
AS is not reversible at least upon the early disease remission (first 6 months of this
study follow-up duration). To this end, the hereby demonstrated increased AS in
LVV/MVV by more than 1 m/sec, may suggest an overall increased CVD events risk by
more than 7% (172). Moreover, patients with LVV/MVV should be regarded having
long-term increased pulsatile stretch causing mechanical fatigue of the elastic
components, thus rendering the aorta more prone to dilatation and aneurysm
formation, a long-term complication seen in GCA even when the disease is quiescent
(173). Therefore, more aggressive management of AH especially with “de-stiffening”
drugs upon LVV diagnosis should be considered and addressed in future research.
PWRs, as assessed by Alx at the level of the aorta, are indirectly associated with aortic
stiffness but also depend on heart rate and the peripheral circulation, since alterations
in the reflection co-efficient at the level of small vessels and microcirculation moderate
the generation of PWRs (174). Although PWV and Alx are thought to change in parallel,
since PWV affects the timing of the merging incident and reflected waves, their
association in PSV is not completely understood and often it is diverging (175). Booth
AD et al, found that PWV and Alx were increased in active AAV and correlated with
CRP (89), while Protogerou AD et al, showed that patients with active Behcet’s disease

had decreased PWRs despite the increased aortic stiffness, due to peripheral
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vasodilation (176), as also suggested previously by Vlachopoulos C et al. who
demonstrated that acute inflammation increases arterial stiffness and decreases PWRs
in healthy individuals (177). To our knowledge this is the first study investigating
alterations in Alx in the whole spectrum of PSV. We identified different patterns of
alterations in SVV compared to LVV/MVV. Patients with SVV, in the absence of any
documented alterations in AS, presented lower Alx compared to NIC and RA controls.
This finding was independent of heart rate, and moreover impaired Alx was at least
partly restored upon disease remission. All together, these results could be attributed
to peripheral vasodilatation, as further supported by our concurrent novel finding
suggesting reversible dilatation of retinal microcirculation in SVV. On the other hand,
in LVV/MVV patients minimal or no effect at all in Alx was observed, potentially
because any reduction in PWRs imposed by peripheral vasodilatation of the
microcirculation, as documented at the level of the retina, was counterbalanced by
the increased PWV. These data are in line with those published by our group in BD
previously (92), implying that low PWRs as measured by aortic Alx, might be a useful
marker of monitoring PSV activity at the level of microcirculation.

Alterations of the retinal microcirculation have been independently associated with
vascular risk factors and increased risk of CVD in the general population (150). Changes
of the retinal vasculature and their association with disease activity have also been
described in the context of systemic autoimmune rheumatic diseases with mild to
moderate inflammatory activity (178,179). Previous studies in other than PSV
diseases, have demonstrated an association between retinal venular widening and
classic CVD risk factors including obesity, smoking, dyslipidemia, DM and
atherosclerosis as well as chronic inflammation (180). Moreover, Moi JMY et al.,
provided evidence regarding the reversibility of this functional phenomenon after the
subside of inflammation in RA patients (181), whereas Aissopou EK et al found that
retinal microcirculation is spared in predominantly fibroproliferative vascular
autoimmune disorders with low inflammatory component such as systemic sclerosis
(182). After strict adjustment for the traditional CVD risk factors, our results confirmed
the effect of inflammation on the retinal microcirculation for the first time in PSV, and
showed a clear correlation between the vessel calibers, as well as the changes after

treatment, and the inflammatory bulk. The overall present findings, comparing
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patients with PSV, PMR, RA and NIC group, suggest that in the presence of systemic
inflammation the retinal microcirculation (arterial and venous) exhibits - at least partly
reversible - vasodilatation, which further support the hypothesis that these alterations
are associated with the level of the inflammatory response, irrespectively of the
underlying disease-specific pathogenetic mechanisms. Indeed, by applying strict
matching to minimize vessel widening due to previously described confounding factors
(180) we observed that the retinal microcirculation was affected at disease onset in
PSV, independently of vasculitis type, suggesting that digital retinoscopy might
represent any easy direct tool to monitor disease activity in PSV.

Inappropriate arterial wall remodeling leading to arterial hypertrophy, as measured by
common carotid IMT may also contribute to local arterial stiffening in PSV patients and
has been proposed by a single study, as an index of PSV activity, based on data derived
from TAK (17,57). Limited data support the hypothesis of carotid thickening
reversibility following treatment with steroids in GCA (63) or the contrary in AAV (88).
The present study confirms previous findings, adding that IMT is increased in LVV/MVV
and particularly in GCA, and mildly in SVV, compared to healthy NIC and RA controls.
Moreover, in LVV/MVV patients IMT was significantly but not completely restored
upon disease remission, demonstrating that tissue damage has an early reversible
stage characterized by activation and accumulation of immune cells within the arterial
wall, all producing a plethora of pro-inflammatory cytokines and thus amplifying the
inflammatory cascade, as well as a late irreversible stage mediated by fibroblasts,
smooth muscle and matrix alterations leading to arterial wall thickening and damage
(153). The latter are also seen and further amplified in patients with deregulated AH
(183), thus underlying the need for early suspicion and treatment of AH in LVV/MVV
patients upon vasculitis diagnosis.

Moreover, the present findings confirm and further extend previous observations
suggesting the presence of subclinical accelerated carotid/femoral atheromatosis in
practically all types of PSV, even in SVV, although in the latter group the statistical
significance was not reached due the small sample size. Most importantly our study
demonstrated for the first time the presence of excessive carotid and femoral
atherosclerotic plaques, especially in LVV/MVV patients, not only after long-term

treatment, which has already been found and believed to be due to the chronic use of
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steroids, but upon the very first diagnosis (active disease and naive to treatment). One
could claim that this is due to the increased age as well as the higher prevalence of
CVD risk factors seen in these age groups. This concern is dually weakened in the
present study as suggested by the careful age-matching with healthy NIC, PMR and RA
controls as well as matching for all other confounding CVD risk factors, implying that
the underlying vasculitic specific inflammatory process may induces accelerated
plague formation in these patients. Our finding raise even more clinical concerns since
it suggests that long before the clinically overt symptoms, PSV may be silently
accelerating the atheromatosis either due to long-term subclinical PSV or due to
common genetical predisposition. The controversial benefit of early use of statins at
the course of GCA must be further explored (184,185), however these findings suggest
that early plague detection must be incorporated in the CVD risk management of PSV.
The present study has some limitations. First, the inevitably small - due to the rarity of
these diseases - sample size per disease group which could be a potent reason that
some evaluations although exhibited a clear tendency, they did not reach statistical
significance. Second, the short-interval between active disease and follow-up visit
(disease in remission for a few months - 6 months at average) that may have not
allowed evaluation of these biomarkers in long-term CVD prevention of PSV patients,
however it must be said that most of these biomarkers respond to treatment within
days, weeks, or a few months (171). Additionally, life and/or organ threatening
complications at disease diagnosis imposed a short-term use of steroids and/or other
immunosuppressive agents with unknown impact on micro- and macro-circulation.
Finally, although all the above state-of-the art techniques allow a direct, cost-effective
evaluation of circulation the degree of the examiner’s subjectivity may be a concern.

Our study has multiple potential clinical implications that deserve to be addressed in
the future. Each of the herein measured vascular biomarker (PWV, Alx, IMT and retinal
vessel calibers) may have important role - in all or in specific types of PSV, as discussed
above, including a) investigation of vascular damage pathways, b) treatment selection
strategies, by monitoring disease activity at the vascular level beyond, clinical
symptoms and blood biomarkers, and c) CVD risk stratification. In conclusion, the novel
results of this study highlight the use of non-invasive biomarkers in early identification

and management of CVD risk factors in PSV patients. Future studies with long term
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follow-up and stratification according to immunosuppressive treatment will facilitate
our better understanding of the link between vascular pathology and inflammation,

yet providing new diagnostic, prevention and response treatment biomarkers.

4.5i Key messages

F Accelerated atheromatosis and arteriosclerosis may contribute to increased
morbidity and mortality of PSV patients and is thought to be associated
predominantly with long term of treatment with steroids.

E Non-invasive vascular biomarkers allow early identification of vascular pathology at
disease diagnosis suggesting disease specific rather than treatment related CVD
association.

E Early management of CVD risk factors as proposed by biomarkers assessing
subclinical atheromatosis and arteriosclerosis could prevent long term CVD events

in PSV patients.
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CHAPTER 5. NMR-BASED METABOLOMICS IN GIANT CELL ARTERITIS
AND POLYMYALGIA RHEUMATICA SEQUENCIAL SERA DIFFERENTIATES
ACTIVE AND INACTIVE DISEASE

5.1 Objectives

Giant Cell Arteritis is the most prevalent form of systemic vasculitis in elderly. The
activated immune system induces an acute systemic inflammatory response marked
by elevated acute phase reactants (CRP and ESR), expansion and activation of various
immune cell populations producing a variety of pro-inflammatory cytokines, growth
and angiogenic factors. The combination of old age, along with the prolonged use of
glucocorticosteroids and the, still not well understood, tissue remodeling, following
the inflammatory response may create a variety of metabolic, vascular, and
musculoskeletal comorbidities, affecting the quality and span of patients’ lives

(11,18,186,187).

Molecular medicine and application of system biology could give insights into the
major unmet needs of the disease, including molecular stratification of patients
towards precise targeted treatments, and identification of clinically relevant
biomarkers, concerning both the inflammatory process and comorbidities.
Metabolomics, the comprehensive evaluation of the metabolites in biological fluids
and tissues and the unique for each individual metabolic "fingerprint", has emerged
as a valuable tool to investigate the underlying mechanisms of complex diseases, as
well as to monitor treatment efficacy and disease activity, with applications in several
inflammatory diseases including inflammatory IBD (188), RA (189), fatty liver disease
(190), and diabetes (191). Applications of metabolomics in vasculitis are still limited

and have mainly focused on Kawasaki disease (192-194).

The current study aims to explore the metabolic profile of GCA patients’ sequential
sera and compare it to that of patients with increased inflammatory bulk such as those
with PMR to uncover the operating metabolic pathways during the active and inactive
disease state and to identify new candidate biomarkers. Finally, we aim to provide
unigue NMR based metabolic fingerprints of each disease following treatment with

steroids.
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5.2 Patients’ and Methods

5.2a Study design

Serum samples of 33 GCA and 17 PMR patients, at 3-time points, i.e., time of diagnosis
(active disease, V1), 1 month (V2) and 6 months (V3) of treatment with GCs (disease
in remission), were collected. The number of serum samples included in visits V2 and
V3 was reduced due to patients’ personal inconvenience to meet the respective
scheduled time point. In total, 110 serum samples from 50 patients were evaluated.
GCA serum samples consisted of 33 treatment-naive (25 females, mean age 73.0+ 7.6
years and 8 males, mean age 69.5 + 4.9 years), 22 in V2 and 21 in V3. PMR serum
samples consisted of 16 naive, 10 in V2 and 8 in V3 (9 females, mean age 65.0 + 5.3
years and 8 males, mean age 77.0 + 6.6 years). All patients included in the study
fulfilled the respective international classification criteria (156,195), were naive of
treatment at baseline (V1) and were treated only with steroids, with no changes in
comorbidities-related therapy until follow-up (V3). A descriptive analysis of baseline
characteristics of all active patients at study entry are presented in Table 5.1. All
patients were newly diagnosed with no disease flare until the last follow-up (V3). Due
to the lack of a common activity index, as active disease was defined the presence of
both clinical symptoms and increased acute phase reactants (ESR>20 mm/h and CRP>
5 mg/L). The opposite was applied to define disease in remission. For patients with
PMR the exclusion of underlying vasculitis was based on negative temporal artery
biopsy and negative 18FDG-PET/CT. The study was approved by Ethics Committee of
School of Medicine, National and Kapodistrian University of Athens, Greece (protocol
no: 1718016656). All participants gave written informed consent for the collection and
use of the samples, whereas the general data protection regulations and the Helsinki

Declaration were routinely followed.
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GCA PMR

(N=33) (N=17)
AGE (MEAN#SD, YEARS) | 70747.1 70.5£7.2
GENDER (FEMALE %) (N) 1 75.8(25) 52.9(9)
BMI (MEANSD, KG/M?) (N) | 24.8£2.7 (31) 25.4+3.8(16)
SMOKING (%) (N) :
CURRENT I 18.2(6) 23.5(4)
EX-SMOKERS 1 30.3(10) 19.4(5)
AH (%) (N) | 42.4(14) 47(8)
DYSLIPIDEMIA (%) (N) 39.4(13) 41.2(7)
TCHOL (MEAN<SD, MG/DL) (N) 1 187.1£59.8(29) 188.9+32.2(14)
LDL (MEANSD, MG/DL) (N) | 116.6+48.6(27) 111.4426.4(12)
HDL (MEAN#SD, MG/DL) (N) | 51.7419.4(27) 62.5+12.5(12)
TG (MEAN%SD, MG/DL) (N) 1 112.2449.6(28) 108.8+27.3(14)
DIABETES (%) (N) 1 9.1(3) 11.8(2)
GLUCOSE (MEANSD, MG/DL) (N) | 99.2415.5(29) 97.2+17.6(13)
LABORATORY FEATURES I
ESR (>20 MM/H) (%) (N) | 96.9(32) 100(17)
ESR (MEANSD, MM/H) (N) | 67+28.8(31) 61.1426(17)
CRP (>5 MG/L) (N) | 93.9(31) 94.1(16)
CRP (MEAN#SD, MG/L) (N) | 58.1+62.6(31) 34.8+33.5(17)
COMORBIDITIES RELATED TREATMENT (%) (N) :
BP LOWERING DRUGS | 42.4(14) 47(8)
LIPID MODIFYING DRUGS 1 39.4(13) 41.2(7)
GLUCOSE LOWERING DRUGS 1 9.13) 11.8(2)

Table 5.1 Baseline characteristics of all active GCA and PMR patients.

5.2b Materials and Methods
Reagents

Deuterium oxide (D20) was purchased from Deutero GmbH (Kastellaun, Germany).
Trimethylsilyl propionate (TSP), sodium phosphate dibasic (Na2HPO4) and
hydrochloric acid (HCl) 37% were purchased from Sigma-Aldrich-Merck (Darmstadt,
Germany). Sodium azide (NaN3) was purchased from Acros Organics- Thermo Fisher
Scientific (Waltham, Massachusetts, U.S.). All chemicals were of analytical grade and

dissolved in ultrapure water.
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Sample preparation

Three hundred and fifty pL of serum sample was aliquoted and diluted to 700 pL with
phosphate buffer pH=7.4 (adjusted using HCI 1N), containing 0.074 M Na2HPO4, 0.8
mg/mL TSP as internal standard and 0.4 mg/mL NaN3 as conservative. Mixing was
achieved with gentle pipetting. An aliquot of 600 pL was then transferred to a 5-mm-
diameter NMR tube. For the blank solution 350 ulL of the phosphate buffer solution

were mixed with 350 uL ultrapure water.

Metabolomics Data acquisition

17 For each sample, we performed one standard 1H 1D experiment with water
suppression using the NOESY1D-pre-saturation pulse sequence with magnetic field
gradients, as well as a 1H 1D T2-edited spectrum using the Carr-Purcell-Meiboom-Gill
(CPMG) sequence that exploits the difference in the nuclear spin relaxation times
between macromolecules and small molecules, resulting to reduced intensities for the
broad signals of macromolecules and less distorted baselines. Moreover, we obtained
its complementary 1H 1D T1-edited spectrum using the longitudinal encode-decode
(LED) sequence, that reduces the intensities of the small molecules, resulting in a
spectrum consisting mainly of the broad protein signals and thus used for the
guantification of lipids. For the NMR experiments, 32 scans were acquired with a
spectral width of SW = 12,019.23 Hz for CPMG and 18,028.85 Hz for LED and NOESY
pulse sequences and a sampling of 98,304 data points, resulting in an acquisition time
of 2.7 sec. A mixing time of 10 msec was used. Sample loading, temperature stability,
field homogeneity, pulse calibration, data acquisition, and processing (including phase
and baseline correction) were fully automated and controlled by the lconNMR v. 5.0.7
software (Bruker BioSpin GmbH, Rheinstetten, Germany). TopSpin 4.0.9 (Bruker
BioSpin GmbH, Rheinstetten, Germany) was used for spectra visualization and
chemical shift calibration to the anomeric 1H proton of a-glucose at 5.23 ppm from
TSP. Total Correlation Spectroscopy (TOCSY) and Heteronuclear Single Quantum
Coherence (HSQC) 2D NMR experiments were performed on the sample with the

highest abundance of metabolites.

93



Metabolite Identification

The Chenomx NMR suite (Chenomx Inc., Alberta, Canada), a software that includes
standard metabolite spectra, was utilized for the metabolite identification. 2D NMR
experiments (TOCSY and HSQC), providing information on the spin systems and the 1H
- 13C correlation respectively, also aided molecular identification and increased the
confidence level of annotation. Signal assignment to each lipid class was based on
previous literature (196) and work of our laboratory (197), as well as comparison with
available spectral databases. For the quantification of small molecules the SMolESY-
Select platform was also used (198). The statistical total correlation spectroscopy
(STOCSY) analysis method, in MATLAB environment was utilized to trace glycoprotein

signals in LED spectra.

Data Processing

A spectral bucketing of 0.01 at the range of 6 = 8.80-0.40 was applied on the CPMG
spectra using AMIX 4, (Bruker BioSpin GmbH, Rheinstetten, Germany). The region of
water (6 4.90-4.53) and peaks of contaminants, also present in the blank sample (6 3.36-
3.35,2.73-2.71, 2.23-2.21, 2.08-2.06) have been removed, resulting in 797 buckets. For
the LED spectra, a spectral bucketing of 0.001 at the range of § = 5.60-0.30 was applied,

to obtain optimal resolution. Afterwards, all spectra were normalized to total intensity.

Multivariate analysis

Principal Component Analysis (PCA), Partial Least Square-Discriminant Analysis (PLS-
DA), and Orthogonal Partial Least Square-Discriminant Analysis (OPLS-DA) were
applied in the normalized NMR data, using SIMCA-P 14.0 (Umetrics, Umea, Sweden).
For the supervised methods (PLS-DA and OPLS-DA) the quality of the obtained models
was assessed via R2X (variance explained by X Matrix) and Q2 (goodness of prediction)
acquired by 7x cross-validation. In supervised methods, the validation of the generated
models was checked through the performance of 100 random permutations and the
corresponding quality parameters were compared to the corresponding of the original
model. Data were either pareto-scaled or scaled to unit variance, whichever led to

higher values of quality parameters. Selection of significant variables in the
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multivariate analysis was based on VIP (Variable importance in projection) values. Only
spectral variables with VIP > 1.5 were taken into consideration. Hierarchical clustering
heatmap, as implemented in metaboanalyst.ca platform, was used to detect and
perceive common metabolic features of the top 10 hits of lipid signals from mixed-

effects modelling in the three different time points.

Univariate analysis

Statistical significance was tested for each identified metabolite from the SMolESY
select platform (n=21 after exclusion of ethanol only present in some samples), as well
as for the lipid signals from the LED spectra (n=20). Sample collection was not
complete, and mixed-effects model approach, as implemented in Graphpad Prism 8,
was utilized instead of repeated measures ANOVA on 30 GCA and 14 PMR patients.
Fitting mixed-effects model allowed to include incomplete data sets (two
measurements instead of three) because missing data were due to random reasons,
not related to health issues. Outliers were excluded from analysis using the ROUT test.
The Geisser-Greenhouse correction was used to adjust for lack of sphericity. Mann-
Whitney test was applied for the comparisons of the two diseases in the same visit.
The corresponding histograms were created using Graphpad Prism 8. A Bonferroni
threshold was applied based on the number of tested variables (p< 0.05/21= 0.0024
and p<0.05/20= 0.0025 respectively).

Correlation coefficients with ESR and CRP

The correlation coefficient and the corresponding p-values of the 21 metabolites and
20 lipids with the ESR and CRP measurements, adjusted for intra individual variability,
were calculated by applying repeated measures correlation (rmcorr) function in R
environment. The common within-subject relationship was computed only for
complete data sets with three measurements (13 GCA and 2 PMR patients for the ESR
measurement and 12 GCA and 2 PMR patients for the CRP). A Bonferroni threshold
was applied (metabolites: p<0.0024, lipids: p<0.0025). Receiver Operating
Characteristic (ROC) Curves were plotted and the corresponding Area Under the Curve

(AUC) were calculated to demonstrate the predictive performance of putative markers.
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5.3 Results

Serum metabolomics of both GCA and PMR patients associate with disease activity

In total, 36 known metabolites including amino acids, organic acids, and
carbohydrates, as well as 20 lipid and lipoprotein signals, were identified in the serum
spectra. A distinct serum metabolic profiles were identified between active (V1) and
inactive disease state (V2 and V3), independently of disease type (GCA or PMR).
Multivariate approaches take advantage of the global nature of untargeted
metabolomics, by incorporating all spectral information. The cross-validated scores
plot of the Partial Least Square-Discriminant Analysis (PLS-DA) model revealed a clear
discrimination, with good quality parameters and prediction power [R2X(cum)=0.596,
R2Y(cum)= 0.273, Q2= 0.219] (Figure 5.1A). Pairwise comparisons using orthogonal
PLS-DA (OPLS-DA), that corrects for the variation in the metabolomics data, also
exhibited a discrimination between time of active disease and each one of the two
time points of remission [V1 vs. V2: R2Y(cum)= 0.444, Q2(cum)= 0.362; V1 vs. V3
treatment: R2Y(cum)= 0.537, Q2(cum)=0.445]. Detailed examination of the S-plot
derived from the 6-month OPLS-DA model highlighted the metabolites with the
highest discriminating power. N-acetylglycoproteins were detected in active disease

and cholines in inactive disease, following steroid treatment (Figure 5.1B).
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Figure 5.1 Classification of GCA/PMR patients by disease activity/ visit. A) PLS-DA
scores plot of serum CPMG NMR untargeted metabolomics data classified per visit, B)
S-plot from the OPLS-DA analysis of V1 vs. V3 patients. Spectral variables on the up-
right corner (red dots), assigned to cholines in bound phospholipids, lipoproteins (LDL,
HDL) and signals from fatty acyl chains, were significantly increased in remission (V3).
Spectral variables on the down-left corner (blue dots), assigned to N-
acetylglycoproteins, were significantly increased in active disease (V1). C) Boxplots of
significantly altered metabolites and lipids. Asterisks indicate statistical significance:
*¥*%* p<0.0001, ***0.0001<p<0.001, **0.001<p<0.01, *0.01<p<0.05. D) STOCSY plot
created from the analysis of LED spectra using 6 2.034 of GlycA as driver peak. E) Heat
map created using the top 10 lipid signals from mixed-effects modelling. V1: Diagnosis
(active disease, red); V2: After 1 month in steroid treatment (remission, green); V3:
after 6 months in steroid treatment (remission, blue).
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We further quantified 21 metabolites in the NOESY spectra using the “SMolESY-select”
184 platform that enhances the resolution of small molecules. Due to incomplete data
sets, fitting to mixed-effects model applied to 30 GCA and 14 PMR patients. The
analysis unveiled increased phenylalanine (V1 vs. V2: p =0.0011) and decreased
glutamine (V1 vs. V3: p=0.0009), alanine (V1 vs. V3: p =0.0020) and creatinine (V1 vs.
V3: p=0.0016) after Bonferroni correction, in active disease (Figure 5.1C). The
guantified metabolites and their inter-correlations are shown in Figure 5.2 while
comprehensive histograms per disease of the significantly altered metabolites are

shown in Figure 5.3.

— | —
-0.200.20406081

Figure 5.2 Analysis of small molecules. Correlation between the metabolites quantified
using the SMOolESY-select. Ketone bodies (3-hydroxybutyrate and acetone) and
branched chain amino acids (valine, leucine, isoleucine) are strongly correlated and
clustered together.
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Figure 5.3 Detailed histograms of significantly altered metabolites. V1: Diagnosis
(active disease); V2: After 1 month in steroid treatment (remission); V3: After 6 months
in steroid treatment (remission). Asterisks indicate statistical significance:
***%¥p<0.0001, ***0.0001<p<0.001, **0.001<p<0.01, *0.01<p<0.05. Green: All
samples; Red: GCA only; Blue: PMR only; In orange: GCA vs. PMR comparison in the
same visit.
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Signals from the GlycA and GlycB N-acetyl glycoproteins were increased in active
disease (p<0.0001) (Figure 5.1B,C). Instead, choline, derived from lipoprotein-bound
serum phospholipids, was increased in remission (p<0.0001), in accordance with the
multivariate analysis results (Figure 5.1B). STOCSY approach was applied on the driver
peak of GlycA at § 2.043 (Figure 5.1D) to identify resonances from the same structural
unit and aid signal annotation in LED spectra. Other lipid signals, including lipoproteins,
unsaturated lipids and CH2- signals of lipids were also significantly higher. However,
these signals were poorly resolved and can only provide information on the chemical
moieties present in several lipid classes and lipoproteins. To aid the visualization of the
relation of glycoproteins’ signals (L9, L10, L14a, L14b) with active disease, as well as
lipoproteins’ (L2) and certain lipids’ (L5, L7, L8, L18) signals with remission periods, the
relative concentrations of the top 10 hits from mixed-effects modelling are presented
as a heat map in Figure 5.1E. Increased levels of all glycoproteins’ signals (L9, L10, L14,
L14a) were observed in active disease, while elevated lipid signals were characteristic
of both remission periods. Comprehensive histograms per disease of the significantly
perturbed lipid, lipoprotein and glycoprotein signals per disease are provided in Figure

5.4.

Serum metabolomics of GCA patients are differentiated from PMR in remission

Multivariate models discriminated serum metabolic profiles of GCA and PMR patients
at the inactive disease states (time points V2 and V3, Figures 5.5A and 5.5B,
respectively), but not at the active disease (V1). The quality parameters and prediction
power at the three time points were the following: Diagnosis: R2Y (cum)=0.991 and
Q2 (cum)=0.363, 1 month: R2Y (cum)=0.996 and Q2 (cum)=0.841, and 6 months: R2Y
(cum)=0.997 and Q2 (cum)=0.788. Additionally, active disease (V1) and remission (V3)
metabolomes were compared for GCA and PMR separately, using MVA. Increased 3-
hydroxybutyrate and decreased lactate levels were observed after a 6-month
treatment period in PMR patients, but not in GCA patients. Univariate analysis, in
agreement with MVA results, highlighted alterations of FA and lipids related to
treatment (Figure 5.5C). GCA differentiated from PMR due to higher lipids and cholines
(L13) in V2 and unsaturated lipids both in V2 and V3 (Figure 5.4). Triglycerides (L15a)

were found significantly higher in PMR at V2. Glycoproteins, in both diseases, were
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greatly reduced upon treatment. In V2, GCA patients exhibited increased glycoproteins

compared to PMR.
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Figure 5.4 Detailed histograms of significantly altered lipid signals. V1: Diagnosis
(active disease); V2: After 1 month in steroid treatment (remission); V3: After 6 months
in steroid treatment (remission). Asterisks indicate statistical significance:
*¥**¥p<0.0001, ***0.0001<p<0.001, **0.001<p<0.01, *0.01<p<0.05. Green: All
samples; Red: GCA only; Blue: PMR only; In orange: GCA vs. PMR comparison in the

same visit.
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Besides lipids and FA, significant alterations as resulted from uni- and multivariate
analyses were not consistent for other metabolites. More specifically, in UVA alanine
and lysine were significantly higher in V1 for PMR patients compared to GCA (Figure
11C), although PMR and GCA metabolomes were not differentiated in V1 according to
MVA. On the other hand, univariate analysis did not confirm the discriminant role of
branched amino acids suggested by MVA. A higher number of participants and

especially in the case of PMR, is required to reach statistically significant and consistent

results.
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Figure 5.5 Metabolic profiles of GCA vs PMR patients. A) PLS-DA scores plot of GCA vs.
PMR patients at V2 after 1 month in steroid treatment (remission). B) PLS-DA scores
plot of GCA vs. PMR patients at V3 after 6 months in steroid treatment (remission). C)
Histograms of significantly altered lipids and metabolites between GCA and PMR
patients according to Mann-Whitney test. Asterisks indicate statistical significance:
**%* p<0.0001, ***0.0001<p<0.001, **0.001<p<0.01, *0.01<p<0.05.
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Metabolic profiles correlate with markers of disease activity

Metabolites and lipid signals of 15 individuals with complete data sets, were subjected
to repeated measures correlation analysis with CRP and ESR measurements. GlycA and
GlycB exhibited the highest positive association with both ESR (r=0.91 with p-value=
1.68x10-12 and r=0.89 with p-value= 2.31x10-11, respectively) and CRP (r=0.75 with
p-value=3.08x10-06 and r=0.74 with p-value= 4.66x10-06, respectively), indicating the
direct implication of these metabolites during acute inflammatory response. On the
other hand, cholines in bound phospholipids, unsaturated lipids (CH=CH) and other
lipid signals, exhibited a strong negative correlation with both ESR and CRP, suggesting
a reverse association with disease activity. From the 21 tested metabolites, creatinine
and alanine were negatively associated. Other metabolites associated with ESR and/or
CRP (p<0.05) but did not reach the Bonferroni threshold, were glutamine, lysine, lactic
acid, and creatine (negative) and 3-hydorxybutyric acid, phenylalanine, acetic acid and

acetone (positive).

5.4 Discussion

This is the first study to investigate the metabolic profile in sequential sera of GCA and
PMR patients in active and inactive disease phase, following treatment with GCs,
exploiting NMR based metabolomics approaches. Metabolic fingerprinting revealed
an important diversion before and after treatment (0, 1 and 6 months after treatment
time points), as well as significant differences in specific serum metabolites. The
identified metabolic patterns correlated with CRP and ESR. Although GCA and PMR
could not be discriminated at the time of diagnosis, the two diseases can be
discriminated based upon their metabolic profile, exhibiting different metabolic shifts,

following the therapeutic intervention.

Our first task was to define markers of disease activity. Glycoproteins are involved in
the acute phase response to an infection, sterile inflammation, or physical injury (199).
Therefore, the levels of positive acute phase proteins and the complexity of the

attached glycans increase
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269 during inflammation (200). N-acetylglucosamine-(GlcNac) is a monosaccharide
attached to serine or threonine residues of proteins by GlcNac transferase (OGT), while
O-GlcNacase (OGA) can reversely remove it. This process is crucial in many
inflammatory diseases, involving an array of inflammatory cells including
macrophages, the proliferation and activation of T and B cells, neutrophils and natural
killer cells (201). The acetyl moieties of GlcNacylated proteins display a characteristic
NMR signal (GlycA) that has recently received much attention as a unique
inflammatory biomarker displaying advantages over the existing clinical markers (202).
It depicts an integrated signal of the GlcNac and N-acetylgalactosamine groups in the
branches of five proteins: a-1-acid glycoprotein, a-1-antichymotrypsin, a-1-
antitrypsin, haptoglobin, and transferrin. Several studies have proposed GlycA as a
biomarker of systemic inflammation and its levels were elevated in several
inflammatory conditions of various degree including rheumatoid arthritis (203),
systemic lupus erythematosus (204), psoriasis (205), diabetes (206), and
cardiovascular disease (207,208). Its composite nature and the low intra-individual
variability may better reflect the heterogenous sources of chronic inflammation,
compared to CRP (209,210). Our study suggests that in both the active phase of GCA
and PMR, patients display high levels of GlycA that decrease following treatment,

providing evidence that it can be used to monitor the inflammatory response.

During treatment with steroids an increase of lipoproteins was observed in remission
points V2 and V3. Interestingly, the GlycA and GlycB signals displayed a strong negative
correlation with the choline NMR signal derived from bound phospholipids. The latter
is a composite signal attributed to supramolecular phospholipids (SPC) and specifically
to phospholipid choline head groups -(N(CH3)3)+ of lysophosphatidylcholines bound
to plasma glycoproteins and phosphocholines of specific High-Density Lipoprotein
(HDL) subfractions. The ratio of GlycA to SPC has recently been reported as a sensitive
biomarker for the presence of inflammatory response to SARS-CoV-2 infection (196).
During the remission of inflammation following steroid treatment the decrease of
acute phase glycoproteins was strongly correlated with the increase of SPC, probably
due to increase of HDL subfractions rich in phosphocholines. HDL is reduced during

inflammation, while HDL remodeling is amplified by secretory phospholipase A2,
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produced during the acute phase, and hydrolyzes phosphatidylcholines to
lysophosphatidylcholines modifying eventually the size distribution and function of

lipoprotein particles (211,212).

It is interesting to note that the classical inflammation markers, ESR and CRP, besides
the strong correlation with GlycA and GlycB, were found also associated with the
ketone bodies 3-hyroxybutyrate and acetone. Ketone bodies are utilized as
alternatives to carbohydrates energy sources when excessive energy demands are
required. Ketone bodies were also shown to protect from oxidative stress in
inflammatory conditions (213). Indeed, 3-hydroxybutyrate was found to exert its anti-
inflammatory effects by blocking the NLRP3 inflammasome (214), in agreement with

our correlation analysis results.

Regulatory role in inflammation is also known to possess free amino acids, through the
activation of innate, adaptive, and regulatory immune responses (215). The hallmark
of GCA is the presence of activated monocytes and T cells both in the periphery and
the affected tissue. Accordingly, in the active state of the disease we observed
decreased glutamine levels, a metabolite that is consumed mainly by proliferating cells
such as the activated immune cells (216,217). Elevated phenylalanine in serum has
also been observed in active inflammation and associates with increased mortality
(218,219). A similar amino acid profile, with increased phenylalanine and decreased
alanine and glutamine levels, has previously been described in Takayasu Arteritis,
indicating common molecular pathways operating in the basket of large vessel

vasculitides (220).

The PLS-DA analysis of GCA and PMR patients showed distinct metabolic profiles in
remission, mostly attributed to different patterns of lipid metabolism. Lipids serve as
an alternative source of energy and are implicated in cell signaling, modulating
inflammatory responses, activation of immune cells and differentiation of
macrophages (221,222). Several lipids are also involved in the synthesis of anti-
inflammatory cytokines (223), while others may induce the synthesis of
proinflammatory cytokines (224). However, one of the major issues accounting for
these patients is the adverse effects of steroids (225,226). Therefore, the metabolic

profile after steroid use is of equal importance with the active disease. The observed
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alterations in lipid metabolism during steroid treatment may depict the initiation of
steroid adverse effects including diabetes and hyperlipidemia, at the metabolite level,
predicting future development of important comorbidities. Remarkably, the two
groups exhibit characteristic differences in lipids during treatment, yet the different
doses of corticosteroids administered to the GCA compared to the PMR patients may

explain these differences.

Regarding GCA and PMR discrimination, it is interesting to note that phenylalanine
appeared susceptible to treatment with glucocorticoids between the two disease
groups. More precisely phenylalanine exhibits statistically significant difference
between V1 -V2 and V1-V3 in GCA, while in PMR the only significant difference is
observed between V1-V3. Phenylalanine has been related to inflammation, but to the
best of our knowledge has not been previously linked to corticosteroids. This
observation could be related to the disease and should be further investigated as a

putative biomarker between GCA and PMR.

The main limitation of our study is the rather small number of patients per disease
group and mainly for PMR. Moreover, since GCA and PMR patients were treated with
different doses of corticosteroids, dose-dependent alterations of the metabolomic
profile cannot be excluded. Our results, combined with future studies in both active
and inactive disease, focusing mainly in the lipid profile, including NMR lipoprotein
subclass analysis and mass spectrometry based lipidomics will highlight important
molecules such as pro-resolving and anti-inflammatory lipid mediators (227). In
addition, the study of patients receiving targeted treatments, as IL-6R inhibitor, might
disclose different metabolites, relevant to active disease and therapy side effects, that
can eventually be used as biomarkers. Finally, the integration of metabolomics to other
up-stream high throughput approaches (proteomics, transcriptomics, epigenomics)
(228), might give us further insights into stratifying with greater accuracy GCA and PMR

patients.
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CHAPTER 6. OCCURRENCE AND ANTIGENIC SPECIFICITY OF
PERINUCLEAR ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODIES (P-ANCA)
IN SYSTEMIC AUTOIMMUNE DISEASES.

6.1 Objectives

Anti-neutrophil cytoplasmic antibodies are autoantibodies, mainly of IgG isotype,
directed against proteins in the cytoplasmic granules of neutrophils and lysosomal
proteins of monocytes. Depending on their staining pattern on alcohol-fixed
neutrophils, ANCA are classified as diffuse cytoplasmic (C-ANCA), perinuclear (P-ANCA)
and atypical (A-ANCA), the first two being highly significant for the diagnosis of ANCA-
associated vasculitides. Myeloperoxidase represents the major autoantigen
recognized by PANCA, followed by neutrophil elastase, lactoferrin, cathepsin G, BPI,
catalase and lysozyme, among others (229). C-ANCA targeting PR3 has been associated
with GPA, whereas P-ANCA targeting MPO is associated with MPA. Patients with
vasculitis and P-ANCA targeting MPO are most likely suffering from MPA (55-65%),
followed by EGPA (30-40%) and GPA (20—30%) (230). Emerging evidence suggests that
ANCA specificity associates with disease activity and may affect the clinical phenotype,
as well as response to treatment, risk of relapse and long-term prognosis. To this end,
MPA patients with MPO-ANCAs are more likely to develop isolated crescentic
glomerulonephritis (231,232), pulmonary fibrosis and peripheral neuropathy
(233,234), while MPO+-GPA patients have more frequently limited disease, without
severe organ involvement, less need for cyclophosphamide or rituximab therapy and
fewer relapses than those with proteinase-3 (PR3)-ANCA (235,236). Interestingly,
reappearance of MPO-ANCAs indicates relapse in more than 75% of patients (237).
Beyond MPA, P-ANCA have been described in a variety of other SARDs, as well as
chronic infections (238). Indeed, MPO-ANCAs have been reported in SLE (9.3%) (239),
RA (4-18%) (240), SS (<3%) (241) and SScl (<2.4%) (242). Their presence has been
associated with vasculitic patterns of glomerulonephritis and/or pulmonary
involvement, while other P-ANCA-specific autoantigens, such as lactoferrin, neutrophil
elastase, cathepsin and lysozyme, have also been described, although without known

clinical significance (241,243,244). In this context, P-ANCA and their distinct targets
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may have a potential role in distinguishing clinical phenotypes, disease prognosis
and/or treatment monitoring. The aim of this study was to investigate the occurrence
and the autoantigenic targets recognized by P-ANCA in various SARDs including

systemic vasculitides.

6.2 Materials and Methods

Patients’ Characteristics

The sera that have been examined for ANCA positivity by indirectimmunofluorescence
(IIF) in two highly experienced Greek diagnosticimmunology laboratories (Department
of Pathophysiology, School of Medicine, National and Kapodistrian University of
Athens—a laboratory participating in the annual European Consensus Finding Study
(ECFS) for Autoantibodies in Rheumatic Diseases in the context of EULAR and the
Department of Immunology and Histocompatibility, Evangelismos General Hospital,
Athens, Greece) during the past two years have been included in the study. From a
total of 550 patients who were evaluated, 82 were found to be positive for the
presence of P-ANCA by IIF and were included in the study. The medical records of all
P-ANCA(+) patients were retrospectively analyzed and cumulative clinical, laboratory
and autoantibody profile data were collected. Patients were classified into various
systemic autoimmune diseases based on international classification criteria
(161,162,243,245-253). Subgroup analysis to identify clinical associations with P-ANCA
autoantibodies was performed in terms of P-ANCA titers, type of autoimmune disease
and comparison with control patients whenever applicable. The study was approved
by the Ethics Committee of School of Medicine, National and Kapodistrian University
of Athens, Greece (protocol no: 1718016656), following the general data protection
regulations (GDPR) of European Union and the Helsinki Declaration principles. All sera

samples were stored at -20°C immediately after sampling and kept there until use.
Detection of P-ANCA Specificity and Associated Antigen Reactivity in Serum

The presence and titer of P-ANCAs were evaluated by standard IIF analysis on alcohol
fixed neutrophils using the NOVA Lite ANCA kit, Inova Diagnostics Inc. (San Diego, CA,

USA) according to the manufacturer’s instructions, followed by evaluation of the

108



staining pattern by fluorescence microscopy. Positive sera at a dilution of 1:20 (positive
cut-off threshold) were serially diluted until becoming negative and the last positive
dilution was considered as the P-ANCA titer. The antigens recognized by P-ANCA were
further evaluated by a commercially available multiplex ELISA (ANCA profile ELISA,
Euroimmun, Lubeck, Germany), analyzing the reactivity against MPO, lactoferrin,
neutrophil elastase, cathepsin G and BPI antigens, semi-quantitatively and according

to the manufacturer’s instructions.

Detection of ANA and Other Autoantibodies in Serum

Similar to ANCA detection, the presence and titer of ANA were evaluated by IIF using
the NOVA Lite HEp-2 ANA kit, Inova Diagnostics Inc in serial serum dilutions starting
from 1:160 dilution and fluorescence microscopy. Anti-Ro(SSA), anti-La(SSB), anti-Sm,
anti-ULIRNP, anti-Scl70 and anti-RibP(lgG) autoantibodies were tested by
immunoblotting using the Euroline Anti-ENA ProfilePlusl (IgG) and Euroline ANA
Profile-3 kits, Euroimmun. The levels of 1gG and IgM antibodies against cardiolipin
(aCL), 2GPI and double-stranded DNA (ds-DNA) were determined by home-made
ELISAs, as previously described (254-256). Anti-CCP, anti-TPO and anti-Tg were
measured by commercially available ELISAs (QUANTA Lite CCP3.1 IgG/IgA, QUANTA
Lite TPO and QUANTA Lite Thyroid T ELISA kits, Inova Diagnostics Inc.) according to the
manufacturer’s instructions, whereas RF was detected by agglutination assay using
commercially available latex-based reagents (RapiTex RF, Siemens Healthcare
Diagnostics Products GmbH, Marburg, Germany) according to manufacturer’s

instructions.

Statistics

Comparisons of categorical data were performed by chi square or Fisher exact test
when cell counts were <5. For continuous variables, the Shapiro—Wilk normality test
was performed initially, followed by the Mann-Whitney—Wilcoxon or t-test
accordingly. Statistical analyses were performed using Python 3.6, and R software

4.0.3.
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6.3 Results

Patients’ Characteristics

Eighty two of 550 tested patients were found to be positive for P~-ANCA autoantibodies
(in titer 21:20 dilution), 69 (84.2%) of whom fulfilled the criteria of a SARD and 13
(15.9%) who presented with HT. The 69 P-ANCA-positive SARD patients included 28
(40.6%) with SLE, 24 (34.8%) with a form of systemic vasculitis (18 with MPA, two each
with BD and HSP, and one each with aortitis and CV, 7 (10.2%) with pSS, 5 (7.2%) with
primary APS, 3 (4.4%) with RA, and one each with SSCL and sarcoidosis. The majority
of SARD patients (57/69, 82.6%), as well as HT patients (11/13, 84.6%) were women.
The median age at the time of P-ANCA measurement was 58 years (range: 20-85) for

the SARD group and 55 years (range: 34—77) for those with HT patients.

P-ANCA Titers and Serum Autoantigen Specificity Per Autoimmune Disease

As detected by IIF, the titers of P-ANCA autoantibodies in the 82 P-ANCA-positive sera
ranged from 1:20 to 1:640 (median: 640, Table 8). The majority of patients with SARD
who were studied (50/69, 72.5%) presented with high P-ANCA-titer, namely, 21:80 (in
50/69, 72.5%) or >1:160 (in 43/69, 62.3%). Microscopic polyangiitis patients had
higher P-ANCA titers compared to SLE patients (Figure 6.1). Among the 18 sera of
PANCA-positive MPA patients, 11 (61.1%) presented reactivity to MPO (MPA-P-
ANCAMPO-positive), whereas the remaining seven did not exhibit any reactivity
against the various autoantigens examined (MPA-P-ANCA-NS). On the other hand, the
vast majority of the patients with other SARD were not found to recognize any of the
P-ANCA-related antigens under investigation, including 25/28 (89.3%) of SLE patients
studied. In fact, monospecific P-ANCA-positive patient cases with anti-MPO reactivity
included one each with SLE, APS, RA and systemic sclerosis, whereas one patient with
SS reacted with elastase and a SLE patient with lactoferrin. In addition, a SLE patient

had double specificity for MPO/lactoferrin (Table 6.2).
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P-ANCA Serum Titers (No Positive)

Patient Groups

>1:640 1:320 1:160 1:80 1:40 1:20
Vasculitides MPA (n = 18) 9 5 1 1 1 1
BD (n=2) 1 1 0 0 0 0
Aortitis(n=1) 1 0 0 0 0 0
HSP (n =2) 0 0 1 1 0 0
CVin=1) 0 1 0 0 0 0
SLE (n = 28) 9 6 3 7 23 0
APS (n=15) 1 1 1 1 0 1
SS(n=7) 5 0 0 0 0 2
RA(n=3) 2 0 0 1 0 0
SSCL (n=1) 0 1 0 0 0 0
Sarcoidosis n=1) 0 0 1 0 0 0
Hashimoto (n=13) 2 1 4 2 1 3

Table 6.1 Serum P-ANCA ftiters in the various P-ANCA positive autoimmune disease
patients studied.

% patients

Figure 6.1 Comparison of the persentages of P-ANCA positive MPA and SLE patients
according to low <1/160 or high >1/160 titers.
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Antigens Recognized by P-ANCA Positive Sera (No Positive)

Autoimmune Diseases

MPO Elastase Catgepsin BPI Lactoferrin La:::[?irin
Vasculitides MPA (n=18) 11 0 0 0 0 0
BD(n=2) 1 0 0 0 0 0
Aortitis (n=1) 0 0 0 0 0 0
HSP (n=2) 0 0 0 0 0 0
CVin=1) 0 0 0 0 1/1 (100) 0
SLE (n = 28) 1 0 0 0 1/28 (3.6) 1/28 (3.6)
APS (n=5) 1 0 0 0 0 0
SSn=7) 0 1 0 0 0 0
RA (n=3) 1 0 0 0 0 0
SSCL(n=2) 1 0 0 0 0 0
Sarcoidosis (n = 1) 0 0 0 0 0 0
Hashimoto (n = 13) 0 0 0 0 0 0

Table 6.2 P-ANCA related antigenic specificities in the various P-ANCA positive
autoimmune disease studied.

Autoantibody Profile of P-ANCA Positive Patients and P-ANCA Related Specificity

Microscopic polyangiitis-P-ANCA patients had increased frequency of ANA with a titer
ranging from 1:160 to 1:1280 [1:160: 30%, n = 3/10, 1:320: 50%, n = 5/10, 1:640: 10%,
n=1/10 and 1:1280: 10%, n = 1/10) and RF (27.8%, n = 5/18) (Figure 6.2a). Compared
to MPA-P-ANCA-NS, MPA-P-ANCA-MPO-positive patients had higher prevalence of
ANA (63.6%, n = 7/11 vs. 42.9%, n = 3/7) and RF (36.4%, n = 4/11 vs. 14.3%, n = 1/7)
and lower prevalence of anti-2GPI-IgM (0% vs. 14.3%, n = 1/7), anti-Ro52/Ro60 (0% vs.
14.3%, n = 1/7) and anti-TPO (9,1%, n = 1/11 vs. 14.3%, n = 1/7), although these
differences did not reach statistical significance (data not shown). The autoantibody
profile of P-ANCApositive SLE patients is presented in Figure 6.2B. All were ANA
positive (28/28), with the vast majority having anti-dsDNA antibodies (in 21/25, 75%)
and anti-Ro60/SSA autoantibodies (in 14/28, 50%). The majority of P-ANCA-positive SS
patients were ANA positive (5/7, 71.4%) and approximately half of them had also anti-
Ro52/Ro60 autoantibodies (3/7, 42.9%).
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Figure 6.2 Autoantibody profile of P-ANCA positive patients. (a) Presence other than P-

ANCA autoantibodies in MPA patients; (b) distribution of autoantibodies in the context
of SLE.
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6.4 Discussion

In this report, we investigated the occurrence of P-ANCA autoantibodies and their
specificity in various autoimmune diseases. In accordance with previous studies (230),
this study further indicates that MPO is the predominant autoantigen targeted by P-
ANCA in MPA patients, whereas reactivity to other P-ANCA-related autoantigens, such
as lactoferrin, may only sporadically be observed (258). Nevertheless, our study
indicates that the antigenic specificity of P-ANCA autoantibodies remains elusive in a
significant proportion of such patients. On the other hand, our results support that
high titers of P-ANCA autoantibodies are frequently observed in patients with systemic
autoimmune diseases, other than MPA. Interestingly, despite the relatively high P-
ANCA titers, the vast majority of these patient groups have unidentified specificities.
In line with previous reports (232,239,240,244), the most frequently recognized
antigen in P-ANCA-positive patients is MPO, whereas reactivity against other P-ANCA-
related autoantigens, such as lactoferrin and elastase, were rarely observed.
Importantly, P-ANCA-positive SLE and MPA patients presented with enriched
autoantibody profile, implying systemic autoimmune responses against ubiquitous
self-antigens. Although the number of SLE P-ANCA positive patients is small, it is
noteworthy that P-ANCA positivity among these patients is associated with skin, renal
and hematologic manifestations. Interestingly, the anti-MPO positive lupus patient had
no renal involvement, while anti-lactoferrin specificity was linked to the most severe
clinical phenotype as opposed to double anti-MPO/lactoferrin specificity relayed to a
milder clinical picture. These findings imply that P-ANCA specificity may have clinical
significance; however, further multicentric studies of large patient cohorts are needed

to verify these observations.

Important limitations of this study were the small number of patients, as well as the
small number of autoantigens included in the assay we applied. A variety of potential
self-antigens may be recognized by P-ANCA autoantibodies. Thus, diverse autoantigen
array and/or high throughput biotechnologies are required to reveal potentially
hidden specificities of P-ANCA reactivity. On the other hand, although limited, the
misinterpretation of A-ANCA, as P-ANCA, cannot be excluded since our detection was

based on immunofluorescence detection of only ethanol-fixed neutrophils. The
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parallel use of ethanol and formaldehyde-fixed neutrophils for the detection of P-
ANCA has been reported to discriminate false P-, atypical ANCA (259). However, this
approach applies mainly for recognizing P-ANCA targeting MPO, whereas it has been
reported to be non-beneficial for the study of SARDs patients other than those with
vasculitides (259-261). Furthermore, the likelihood of the detection of P-ANCA-related
pattern in the setting of concurrent high ANA titers cannot be excluded as ANA may
produce indistinguishable immunofluorescent staining patterns on ethanol-fixed
neutrophils. In fact, charge interactions between DNA and MPO may cause false
positivity in MPO-ANCA in case of high anti-dsDNA sera titer (262). However, this
possibility is significantly diminished by the fact that the detection of the characteristic
perinuclear ring pattern is a prerequisite finding for the diagnosis of P-ANCA staining

pattern in our departments.

In summary, P-ANCA are present in sera of patients with various systemic autoimmune
diseases in high titers and are associated with ANA, confirming to most likely be in
support of the systemic nature of autoimmunity. The results of this study indicate that,
although MPO represents the most common P-ANCA specificity for MPA,
autoantibodies to additional novel neutrophilic self-antigens are likely present in P-
ANCA-positive autoimmune disease patients. In this context, further investigation of
the currently unidentified P-ANCA-related autoantigens may reveal novel and clinically

useful disease markers.
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CHAPTER 7. CRYOGLOBULINEMIC VASCULITIS IN PRIMARY SIOGREN’S
SYNDROME: CLINICAL PRESENTATION, ASSOCIATION WITH LYMPHOMA
AND COMPARISON WITH HEPATITIS C RELATED DISEASE.

7.1 Objectives

Cryoglobulinemic vasculitis is a life-threatening immune complex mediated small
vessel vasculitis, involving primarily the skin, kidneys, and peripheral nerves, leading
to end stage organ/tissue damage, if untreated (263,264). It can be of infectious origin,
with HCV infection being the most common cause, or associated with autoimmune
diseases where the most frequent underlying condition is pSS. As new, effective
therapeutic modalities for the management of HCV infection keep emerging, pSS will
soon become the leading cause of CV (265). CV is associated with the presence of
serum cryoglobulins of which, type Il containing an IgMk monoclonal rheumatoid
factor (mRF) predominate in pSS, while both type Il and Il are detected in HCV and
other autoimmune diseases. Previous studies have clearly shown that type Il
cryoglobulinemia in pSS is associated with more systemic manifestations, mainly
vasculitis (131), and higher risk for future lymphoma development (132). Thus,
cryoglobulinemia is at the crossroad of the two most serious complications of pSS, that
is, systemic vasculitis and B-cell NHL. With the advent of new treatments, successfully
targeting B-cells and NHL (266), the investigation and mapping of the clinical spectrum
of pSS-CV may provide a concise strategic plan for early diagnosis and treatment for
this subset of pSS. To this end, older studies have described the clinical picture of pSS
patients in association with cryoglobulinemia (130,267,268), while after the
introduction of CV criteria (162,269) some studies have focused on CV (138,270-273).
However, even after the application of CV classification criteria, the clinical picture of
pSS-CV is still obscured due to the fact that many of the previous studies have a small
number of pSS patients.

Herein, we present the clinical phenotype of CV in an integrated study population of
Greek-Italian pSS patients, investigate the possible role of CV and cryoglobulinemia in
NHL development in pSS and compare the clinical manifestations of pSS-CV with HCV
CV.
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7.2 Patients and Methods

Study design

This is a retrospective, matched case-control study in a multicenter population of
consecutive pSS patients who fulfilled the 2016 ACR/EULAR classification criteria (250)
and were followed up from May 1984 until March 2019, in 5 centers from Greece and
Italy (University of Udine, Pisa, Athens, Harokopio, loannina) (UPAHI group). The study
was approved by the local ethical committees of all the Institutions involved, after
obtaining patients’ informed consent and in compliance to general data protection
regulations (GDPR). One thousand eighty-three patients had been evaluated for serum
cryoglobulins and 71 of them fulfilled the 2011 classification criteria for CV (162).
Cryoglobulins were evaluated after blood collection, quantitation, immunodiffusion
and immunofixation, as described previously (131). All pSS patients were HCV-RNA
negative. The cumulative clinical, laboratory and histologic data of pSS-CV patients
were compared with two control groups: a) pSS patients, repeatedly negative for
serum cryoglobulins, matched (1:2 ratio) according to gender, age at pSS onset and
disease duration from pSS onset and b) patients with HCV related CV, being RNA
positive at CV diagnosis and without any associated autoimmune rheumatic disease,
matched (1:1) according to age and gender. All patients with HCV related CV were
diagnosed, treated and followed-up at the Infectious Disease Unit, Department of
Clinical and Biomedical Sciences Hospita L. Sacco, Milan, Italy. In addition, pSS
cryoglobulin-positive patients who did not fulfill the 2011 CV classification criteria,
were compared with a pSS cryoglobulin negative control group, matched (1:2 ratio)
according to gender, age, and disease duration from pSS onset. All the laboratory,
objective tests, or minor salivary gland biopsy of pSS patients, were performed in the
context of standard of care, according to physicians’ judgment. pSS onset was defined
as the year when the patient recalled the first disease related manifestation, such as
Raynaud’s phenomenon, arthritis, sicca symptoms, salivary gland enlargement or
purpura. CV onset was defined as the time point of the appearance of the first CV
related manifestation, according to the 2011 classification criteria. Groups were
compared on the basis of cumulative clinical (dry mouth, dry eyes, salivary gland

enlargement, Raynaud’s phenomenon, lymphadenopathy, arthralgia/myalgia,
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arthritis, palpable purpura, liver involvement, kidney involvement, central and
peripheral nervous system involvement, lymphoma), laboratory (anti Ro/SSA
antibodies, anti La/SSB antibodies, rheumatoid factor, cryoglobulinemia, low serum C4
complement levels, monoclonal gammopathy) and histologic (focus score, germinal
centers) features. Systemic organ involvement was based on the ESSDAI definitions
and/or biopsy specimens (274). Fatigue, dryness, and pain were assessed as defined
by the ESSPRI (275). Since different pathogenetic mechanisms are operating in
glandular and extraglandular manifestations of pSS, they have been classified as
glandular (dry mouth, dry eyes, salivary gland swelling), non-specific manifestations
(fatigue, arthralgia/myalgia, arthritis, Raynaud’s phenomenon), peri-epithelial
(interstitial nephritis, primary biliary cholangitis, small airways disease), immune
complex mediated (extra-epithelial) (purpura, skin ulcers, glomerulonephritis,

vasculitic involvement of peripheral and/or central nervous system) and NHL (103).

Statistical and data driven analysis

Statistical analysis for categorical data was performed by x2 test with Yates correction
or Fisher exact when cell counts <5 patients and for numerical data t-test or Mann-
Whitney, after Shapiro-Wilk normality test. In order to handle the multiple comparison
testing, p-values have been also adjusted with Bonferroni correction. The Fast-
Correlation based feature selection (FCBF) algorithm was applied on the dataset of
pSS-CV patients and their pSS cryoglobulin negative controls, to identify potentially
independent variables associated with lymphoma (276). The FCBF preselection
algorithm is a correlation-based tool identifying, among several potentially
independent variables, those with the weakest association amongst them and the
strongest correlation with the outcome of interest that is NHL. Subsequently, the
strongest preselected group of the FCBC derived potentially independent variables,
has been used for constructing a binary multivariable logistic regression model to
identify independent variables/features associated with Ilymphoma. The
implementation of the FCBF-based multivariable logistic regression approach along
with the statistical analysis was performed using Python 3.6 and GraphPad 7.0a. Based
on the post hoc sample size and study power calculation conducted according to the

Fleiss method, assuming 90% study power and 95% two-sided levels of confidence,
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the present study sample size could detect an effect size (Odds Ratio) of 5.00 between

patient groups (Epilnfo, CDC, Atlanta, Georgia, USA).

7.3 Results

Patient characteristics

Serum cryoglobulins were detected in 115/1083 patients (10.6%) of whom 71 (61.7%)
fulfilled the 2011 CV classification criteria, while 44 (38.3%) had pSS with
cryoglobulinemia but did not meet the CV criteria. Early (<35 years) pSS onset had
19.7% (n = 14/71) of pSS-CV patients, while 12.7% (n = 9/71) had late (=65 years) pSS
onset. Among pSS-CV patients, 97% were females (n =69/71) and 3% males (n =2/71).
The median age of pSS-CV patients, calculated at pSS onset, was 50 years (range: 21-
75). The median duration from pSS onset in pSS-CV patients was 16 years (range: O-
37). None of the pSS or RNA HCV positive control patients fulfilled criteria for another
systemic autoimmune disease. pSS cryoglobulin positive patients without vasculitis
were also predominantly females [95.5%, (n = 42/44) vs 4.5%, (n = 2/44)] with a
median age at pSS onset of 50 years (range:11-79) and median disease duration from

pSS onset of 13 years (range: 0-42).

The clinical phenotype of pSS-cryoglobulin positive patients with and without CV
The clinical picture of 71 pSS-CV patients was compared with that of 141 pSS
cryoglobulin negative matched control patients. pSS-CV patients exhibited higher
frequency of fatigue (59.2% vs 43%, p=0.041, OR=1.92, 95% Cl: 1.08-3.52), Raynaud’s
phenomenon (47.9% vs 32.6%, p = 0.044, OR = 1.89, 95% Cl: 1.06-3.39), salivary gland
enlargement (53.6% vs 33.3%, p = 0.007, OR = 2.31, 95% Cl:1.29-4.21) and interstitial
renal disease (10% vs 1.5%, p = 0.007, OR = 7.55, 95% Cl: 1.59-36.4), compared to pSS-
cryoglobulin negative patients respectively. No difference was found in sicca
manifestations between the 2 groups. As anticipated, pSS-CV patients had increased
prevalence of extra-epithelial manifestations of a vasculitic origin, including purpura
(90.1% vs 14.9%, p < 0.0001, OR =52.24, 95% Cl: 21.43-125.4), vasculitic ulcers (12.7%
vs 0.71%, p < 0.001, OR= 20.32, 95% Cl:3.17-224.4), peripheral nervous system
vasculitic involvement (25.4% vs 1.5%, p< 0.0001, OR = 21.74, 95% Cl: 5.12-96.01),

119



glomerulonephritis, mainly of membranoproliferative type, (11.4% vs 0.71%, p< 0.001,
OR =18.06, 95% Cl: 2.64-201.8) and lymphadenopathy (31% vs 7.1%, p < 0.001, OR =
5.88,95% Cl: 2.63-12.99). NHL, mainly of MALT type, was more frequent in the pSS-CV
group (47.9% vs 8.5%, p < 0.0001, OR = 9.87, 95% Cl: 4.7-20.9). Minor salivary gland
biopsies of pSS-CV patients displayed a higher proportion of germinal centers (35% vs
11.3%, p = 0.043, OR =4.21, 95% Cl: 1.20-13.45) and a higher focus score [median:
2.05 (range: 0-9) vs 1.45 (range: 0-7)] compared to pSS cryoglobulin negative controls.
The laboratory analysis disclosed that almost all pSS-CV patients had positive
rheumatoid factor (95.7% vs 61.3, p < 0.0001, OR = 14.09, 95% Cl: 4.58-44.33) as well
as low C4 complement levels (88.6% vs 31.5, p< 0.0001, OR = 16.82, 95% Cl: 7.47-
35.57). Monoclonal gammopathy was also more prevalent in the pSS-CV group (45.5%
vs 7.6%, p < 0.0001, OR =10.17, 95% Cl: 4.41-22.17). The presence of anti-Ro/SSA and
anti-La/SSB autoantibodies was comparable between the two groups. A more detailed
comparison of the clinical, laboratory, serological and histologic features between the
2 groups are presented in Table 7.1. After applying Bonferroni correction, fatigue,
Raynaud’s phenomenon, salivary gland enlargement, interstitial renal disease, focus
score and germinal centers were found with no statistically significant difference

between the 2 groups (Table 7.1).
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pSS-CV pSS-Cryo negative  P-value P-value*

Number of patients 71 141

Gender (female¥)(n) 97.2 (69/71) 965 (136/141) 1 1
Disease duration 16(range: 0-36) 15 (range: 0-34) 0.720 1

( from SS onset _years)

Media age (years) 50(range: 21-75) 50 (range: 20-77) 0.887 1
Clinical Features¥ (n)

Dry mouth 97.2(69/71) 936(132/141) 0.342 1

Dry eyes 98.6 (70/71) 929(131/141) 0.104 1

SGE 53.6(37/69) 333 (47/141) 0.007 0.252
Lymphadenopathy 31(22/71) 7.1(10/141) =0.0001 =0.001
Fatigue 59.2 (42/71) 43(55/128) 0.041 1
Arthralgia/myalgia 71.8(51/71) 63.8(90/141) 0.312 1
Arthritis 25.7 (18/70) 183 (23/126) 0.295 1
Myositis 0(0/71) 1.4(2/141) 0.552 1
Raynaud's phenome non 47.9(34/71) 326 (46/141) 0.044 1
Purpura 90.1 (64/71) 149(21/141) =0.0001 =0.0001
Vasculitic ulcer 127 (9/71) 0.71(1/141) =0.001 0.009
PNS 254 (18/71) 1.5(2/130) =0.0001 <0.0001
CNS 28(2/71) 2.3(3/129) 1 1

Liver

Sderosing Cholangitis 0{0/71) 0(0/141) 1 1

AlH 14(1/71) 1.4(2/141) 1 1

PBC 14(1/71) 2.8(4/141) 0.666 1

Lung

ILD 86(6/70) 6.8(9/133) 0.853 1

Small airways disease 13(7/54) 6.6(8/121) 0.273 1
Kidney

Interstitial renal disease 10(7/70) 1.5(2/138) 0.007 1
Glomerulone phritis 11.4(8/70) 0.71(1/141) <0001 0.026
Splenomegaly 28(2/71) 108 (8/74) 0.260 1
Lymphoma 479 (34/71) 8.5(12/141) =0.0001 =0.0001
Biological features¥ (n)

Focus score (median) 205(34/71) 1.42 (78/141) 0.025 0.9
Germinal centers 35(7/20) 113 (6/53) 0.043 1
Anti-Ro 90(63/70) 85(119/140) 0.429 1
Anti-la 60(42(70) 46(64/139) 0.078 1
Anti-Ro/la 884 (61/69) 836(117/140) 0.472 1

RF 95.7 (67/70) 613 (84/137) =0.0001 =0.0001
Low C4 88.6 (62/70) 31.5(41/130) =0.0001 =0.0001
Hypergammaglobulinemia  69.7 (46/66) 569 (74/130) 0.114 1
Monocdonal gammopathy 45.5 (30/66) 7.6(10/132) =0.0001 =0.0001
Leukopenia 17.4 (12/69) 10 (14/140) 0.193 1
Thrombocytopenia 3(2/67) 2.2(3/134) 1 1

Table 7.1. Comparison of clinical, laboratory and histologic features between pSS-CV
and pSS patients with negative serum cryoglobulins.
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The FCBF algorithm, that constitutes the data driven analytic approach, performed
analysis of 36 features/variables and disclosed 8 strong potentially independent
variables [lymphadenopathy, cryoglobulinemia, positive RF, SGE, dry mouth, arthritis,
CNS involvement and lungbronchocentric involvement accounting for small airways
disease]. Narrowing of the analysis, using a combined FCBF/multivariable logistic
regression model, showed that lymphadenopathy, cryoglobulinemia and positive RF
are independent lymphoma associated features. The performance of the model
disclosed 70.6% sensitivity, 94.7% specificity and 84.5% accuracy area under the curve

(AUC = 85.5%), after a 10-fold cross validation approach.

The most common presenting manifestations, according to the 2011 CV classification
criteria, of pSS-CV patients were arthralgia/myalgia (49%), followed by arthritis
(43.7%) and purpura (39.1%) (Figure 7.1A). More than half of the patients (58.2%) with
CV developed the first CV specific manifestation within the first year of pSS onset
(Figure 7.1B). In one third of pSS-CV patients (33.3%), lymphoma was observed within
5 years of CV onset, while in 13.3% of them, the appearance of lymphoma was a late

sequel (>15 years of CV duration) (Figure 7.1C).

The comparison between pSS cryoglobulin positive patients without CV and pSS
cryoglobulin negative controls is presented in Table 7.2. The pSS cryoglobulin positive
group without CV, had a higher frequency of monoclonal gammopathy (22% vs 7.3%,
p=0.040, OR =3.56,95% Cl: 1.16-11.16) and NHL (29.5% VS 5.9%, P<0.001, OR = 6.26,
95% Cl: 2.13-17.67). Data regarding lymphoma and type of cryoglobulins were
available in 27 of 44 pSS cryoglobulin positive patients without CV. Type |l
cryoglobulinemia, containing an IgMk monoclonal RF, was present in 87.5% (n= 7/8) of
pSS patients with lymphoma and 47.3% (n = 9/19) in those without, while type Il
cryoglobulinemia was more prevalent in non-lymphoma (52.7%, n= 10/19) compared
to lymphoma (12.5%, n = 1/8) pSS patients. After Bonferroni adjustment, monoclonal
gammopathy was found with no statistically significant difference between the 2

groups (Table 7.2).
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Figure 7.1. The clinical course of pSS-CV patients. 1A) Most common presenting clinical
manifestations of CV after applying the 2011 CV classification criteria, 1B)
Chronological presentation of first CV related manifestation after pSS onset, 1C) Time
distribution of lymphoma development during the course of CV.

Overall, the 71 pSS-CV patients with either mild/non-specific or serious manifestations
were treated as follows: GCs 86%, HCQ 80.3%, AZA 21.1%, MTX 22.5%, CYC 8.5%, RTX
18.3% and plasmapheresis 7%. Notably, pSS-CV patients without lymphoma received
more frequently AZA, MTX and CyC compared to those with lymphoma (32.4% vs 8.8%,
27% vs 17.6% and 10.8% vs 5.9 respectively). The 141 pSS cryoglobulin negative
controls have received: GCs 31.4%, HCQ 46.4%, AZA 4.3%, MTX 7.1%, CyC 0.7% and
RTX 4.3%. Interestingly, pSS-CV patients with serious manifestations such as
glomerulonephritis, peripheral neuropathy and vasculitic ulcers were treated with
steroids, hydroxychloroquine, B cell depletion therapy and very few cases with
cyclophosphamide or plasmapheresis. The therapeutic regimen of the 44 cryoglobulin

positive without CV pSS patients versus their controls included: GCs 38.6% vs 39%,
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HCQ 45.5% vs 65.9%, AZA 9.1% vs 6.1%, MTX 2.3% vs 7.3%, CyC 4.5% vs 2.4% and RTX
4.5% vs 8.5%.

pSSCryowithout (V. pSS-Cryonegative  P-value  P-value*

Number of patients 44 84
Gender (female % (n) 95.5(42/44) 95.2(80/84) 0.700 1
Median age (years) 50 (range:11-79) 51 0695 1
Median disease duration (from SS onset _years) 13 (range:0-42) 115 0628 1
Clinical features¥ (n)
Dry mouth 95.5(42/44) 95.2(80/84) 1 1
Dry eyes 97.7(43/44) 95.2(80/84) 0.659 1
SGE 48.8(21/43) 29.8(25/84) 0.054 1
Lymphadenopathy 13.6(6/44) 6(5/84) 0.253 1
Fatigue 36.8(14/38) 43,6(37/80) 0.444 1
Arthralgia/myalgia 56.8(25/44) 53.6(45/84) 0.870 1
Arthritis 10.8(4/38) 89(7/79) 0.746 1
Myositis 0(0/44) 0(0/84) 1 1
Raynaud's phenomenon 38.6(17/44) 28.6(24/84) 0.337 1
Purpura 6.8 (3/44) 15.5(13/84) 0.253 1
Vasculitic ulcer 2.3(1/44) 1.2(1/84) 1 1
PNS 45(2/44) 3.6(3/82) 1 1
CNS 2.3(1/44) 24(2/82) 1 1
Liver
Sclerosing Cholangitis 0(0/44) 24(2/784) 0.545 1
AH 0(0/44) 0(0/84) 1 1
PBC 0(0/42) 3.6(3/84) 0550 1
Lung
1D 9.1 (4/4) 49(4/81) 0450 1
Small airways disease 0(0/40) 6.5 (5/77) 0.163 1
Kidney
Interstitial renal disease 4.5(2/44) 1.2(1/83) 0.275 1
Glomerulonephritis 2.3(1/4) 1.2(1/83) 1 1
Splenomegaly 0(0/44) 0(0/84) 1 1
Lymphoma 29.5(13/44) 6(5/84) <0.001 0.023
Biological features® (n)
Anti-Ro/SSA 70.5(31/44) 71.4(60/84) 0.928 1
Anti-La/SSB 25(11/44) 41.7(35/84) 0.094 1
RF 70.7(29/41) 53(44/83) 0.090 1
Low(C4 53.6(22/41) 36.3(29/80) 0.100 1
Hypergammaglobulinemia 59(23/39) 55(44/80) 0.831 1
Monoclonal gammopathy 22(9/41) 7.3(6/82) 0.040 1
Leukopenia 45(2/44) 8.3(7/84) 0.717 1
0122 1

Table 7.2 Clinical, laboratory and histologic features of cryoglobulin positive pSS
patients without CV compared to pSS cryoglobulin negative patients.
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Comparison of pSS-CV vs HCV-CV patients

The differences between the 71 pSS-CV and the 76 HCV-CV matched patients are
presented in Table 12. As expected, dry eyes (98.6% vs 21.1%, p < 0.0001, OR = 262.5,
95% Cl: 42.14-2680), dry mouth (97.2% vs 18.4%, p < 0.001, OR = 152.8, 95% ClI:
34.41657.8) and salivary gland enlargement (53.6% vs 0%, p< 0.0001) were more
frequent among pSS-CV patients compared to HCV-CV. In addition, lymphadenopathy
(31% vs 4%, p < 0.001, OR = 10.78, 95% Cl:3.29-35.17), arthritis (25.7% vs 10.8%, p=
0.035, OR = 2.85, 95% Cl:1.17-6.86), Raynaud’s phenomenon (47.9% vs 22.4%, p=
0.002, OR =3.18, 95% Cl: 1.59-6.45), interstitial renal disease (10% vs 1.4%, p= 0.030,
OR =8.11, 95% Cl: 1.36-92.47), hypergammaglobulinemia (69.7% vs 26.2%, p < 0.001,
OR = 6.49, 95% Cl: 2.98-13.41) and type Il IgMk cryoglobulinemia (97% vs 80.3%, p =
0.035, OR = 7.86, 95% Cl:1.15-85.55) were more often observed in pSS-CV compared
to HCV-CV patients. On the contrary, HCV infection was associated with increased
frequency of fatigue (98.6% vs 59.2%, p< 0.0001, OR = 47.64, 95% Cl: 8.18495.9),
peripheral nervous system vasculitic involvement (71.6% vs 25.4%, p< 0.0001, OR=
7.43, 95% Cl: 3.59-15.57) and low C4 (98.5% vs 88.6%, p = 0.033, OR = 8.51, 95% ClI:
1.22-95.82), compared to pSS. The prevalence of lymphoma development was
significantly higher in pSS-CV compared to HCV-CV patients (47.9% vs 13%, p < 0.0001,
OR = 6.12, 95% Cl: 2.7-14.4). After Bonferroni correction, arthritis, Raynaud’s
phenomenon, interstitial renal disease, low C4 and type Il cryoglobulinemia were

found with no statistically significant difference between the 2 groups (Table 7.3).
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pSS-Cv HCV-QV P-value P-value*

Number of patients 71 76

Gender (female J% (n) 972 (69/71) 974 (74/76) 1 1
Median age (years) 50(range: 21-75) 51 (range:29-62) 0.718 1
Clinical Features% (n)

Dry mouth 972 (69/71) 184 (14/76) <0.0001 <0.0001
Dry eyes 986 (70(71) 21.1(16/76) <0.0001 <0.0001
SGE 536(37/69) 0(0/75) <0.0001 <0.001
Lymphadenopathy 31(22/71) 4(3/75) <0.0001 <0.001
Fatigue 592 (42/71) 98,6 (69/70) <0.0001 <0.0001
Arthralgia/myalgia 718(51/71) 73.7(56/76) 0.797 1
Arthritis 25.7 (18/70) 108 (8/74) 0.035 1
Myositis 0(0/71) 0(0/75) 1 1
Raynaud's phenomenon 479(34/71) 22.4(17/76) 0.002 0.062
Purpura 90.1 (64/71) 882 (67/76) 0.902 1
Vasculitic ulcer 127 (9/71) 25(19/76) 0.090 1

PNS 254(18/71) 716 (53/74) <0.0001 <0.0001
CNS 28(2[71) 1.4(1/7) 1 1

Liver

Scdlerosing Cholangitis 0(0/71) 0(0/76) 1 1

AlH 14(1/71) 0(0/70) 1 1

PBC 14(1/71) 0(0/72) 0.496 1

Lung

ILD 86(6/70) 1.3(1/75) 0.056 1

Small airways disease 13(7/54) 4(3/75) 0.093 1
Kidney

Interstitial renal disease 10(7/70) 1.4(1/74) 0.030 0.93
Glomerulonephritis 114 (8/70) 23.7(18/76) 0.085 1
Splenomegaly 2.8(2/71) 108 (8/74) 0.097 1
Lymphoma 479 (34/71) 13(9/69) <00001 <0001
Biological features¥ (n)

RF 95.7 (67/70) 87.1(61/70) 0.128 1

Low C4 886 (62/70) 985 (66/67) 0.033 1
Cryoglobulinemia type Il 97(32/33) 80.3(61/76) 0.035 1
Hypergammaglobulinemia  69.7 (46/66) 26.2(17/65) <0.0001 <0.0001
Monodonal gammopathy 455 (30/66) 55.5(20/36) 0.442 1
Leukopenia 174 (12/69) 14.7 (10/68) 0.845 1
Thrombocytopenia 3(2/67) 114(8/70) 0.097 1

Table 7.3 Comparison of the clinical, laboratory and histologic features between pSS-
CV and HCV-CV patients.
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7.4 Discussion

Cryoglobulinemic vasculitis is a rare disease presenting in approximately 4-11% of pSS
patients (138,277,278). Despite the rarity, the disease exhibits two major clinical
elements leading to poor outcome in pSS, which are systemic vasculitis and lymphoma
development. This information has been concluded by several case and cohort studies
in the past (130,138,278-280). However, the major determining factor of those studies
was the presence of cryoglobulinemia while more precise data according to the
international and validated classification criteria for CV are limited
(138,162,231,272,281,282). Thus, the clinical presentation of pSS-CV, as well as the
characteristics that rule the outcome and the definition of the clinical phenotype of
pSS-CV are still unmet needs.

The present study was conducted to address the clinical presentation of CV in
unselected patients with pSS. The tools that were used include: a) an integrated Greek-
Italian population, from 5 clinical centers evaluated by physicians, highly experienced
with pSS-CV, b) application of unified and validated criteria for both pSS and CV, c)
carefully selected triple matched 1:2 controls from the same clinical center, and d)
analysis of the results by applying not only the classic statistics, but beyond that, a data
driven approach with an unbiased selection of variables, to point out features
associated with CV which are involved in lymphoma development. HCV infection often
mimics pSS, sharing common clinical manifestations, including sicca symptoms and CV.
To address this challenging diagnostic question, we compared the clinical picture of
pSS-CV with that of HCV-CV.

To our knowledge this is the largest study of pSS-CV patients fulfilling the 2011 CV
classification criteria. The prevalence of cryoglobulins is within the range reported by
previous studies, (130,138,267,268,272) corresponding to 10% of the evaluated pSS
patients. The clinical picture described in this report is in line with previous studies,
but some points are presented for the first time and deserve special attention: a)
approximately 60% of pSS-CV patients had their first CV manifestation within the first
year from pSS onset, b) pSS-CV is heralded by non-specific clinical manifestations, such
as arthralgia/myalgia, arthritis or Raynaud’s phenomenon, c) high prevalence of skin

vasculitis, extending from the one third of patients at disease onset to almost all
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patients after many years of follow up and d) a time-related pattern for the appearance
of glomerulonephritis and peripheral neuropathy was not observed. One-third of the
associated NHL cases occurred during the first 5 years after CV onset, but the diagnosis
of NHL for the majority of pSS-CV patients, spread out in 20 years, since CV diagnosis.
Based on these observations, since pSS-CV is usually heralded by non-specific
manifestations of pSS, it is strongly recommended that, pSS patients must be
evaluated properly at pSS onset for the presence of cryoglobulins. Following early
diagnosis, pSS-CV patients should undergo a close follow up for many years, since
internal organ vasculitis or lymphoma can very well be late sequels. These findings can
also start a discussion, whether early intervention with targeted B-cell treatments,
might be instituted after the detection of cryoglobulins, even if this is associated with
non-specific symptoms, in an attempt to prevent overt vasculitis and/or lymphoma.
Finally, the present study has clearly shown that pSS-CV and HCV-CV, are distinct
entities, since pSS-CV patients present much more frequently with sicca
manifestations, lymphadenopathy, arthritis and lymphoma, mainly in the context of
type Il cryoglobulinemia with an IgMk mRF (283).

In accordance with previous reports (120,138,281), purpura is the most prevalent CV-
specific manifestation of pSS-CV. This study, adds that purpura is also the most
common CV-specific presenting manifestation occurring in one-third of patients within
the first year after pSS onset, thus explaining why purpura at pSS diagnosis is an
excellent predictor for future lymphoma development (284). Although the clinical
expression of pSS-CV is spreading across time, this study showed a temporal clustering
of CV and pSS onset in 60% of pSS-CV patients. In line with this, one third of pSS-CV
will eventually develop a NHL of B cell origin within the first 5 years of pSS onset. Taken
together, it appears that this subset of pSS patients possess a discrete B cell
monoclonal population, producing an IgMk monoclonal RF, very early during pSS
disease course. Importantly, previous data point out that the monoclonal component
is composed within the salivary glands (285,286), explaining why SGE in several reports
is an independent predictor of future lymphoma development. The production and
perpetuation of mRFs within the inflamed salivary glands are probably attributed to
the formation of EGCS, which are more frequently found in pSS-CV patients compared

to cryoglobulin negative controls. On the contrary, in HCV-related cryoglobulinemia

128



(270), B-cell clonal expansion is mainly localized within the bone marrow and the liver
(287). Compared to HCV-CV, pSS-CV patients carry an increased risk of lymphoma that
could be explained by the occurrence of MALT lymphomas unrelated to
cryoglobulinemia (270) and by the more intense and persistent autoreactive B cell
activation as attested by the higher frequency of lymphadenopathy,
hypergammaglobulinemia and specific autoantibodies, observed in pSS-CV patients.
On the other hand, HCV-CV patients had a remarkably increased peripheral nervous
system involvement which could be attributed to 2 distinct underlying mechanisms: a)
inflammation of the vasa nervorum not only due to cryoglobulins but also to anti-
HCV/HCV immune complex deposition, and b) direct HCV mediated inflammation of
the nerves (288-290)

Previous studies have clearly shown that cryoglobulinemia is associated with increased
morbidity and mortality, serving also as one of the strongest laboratory predictors for
future lymphoma development, either with or without CV (271,284,291). The answer
to the question whether cryoglobulinemia or CV serves better as lymphoma risk factor
is still unaddressed. Indeed, previous studies, using small number of patients, showed
that neither CV nor cryoglobulinemia were proven risk factors for lymphoma in the
multivariate model, although CV was correlated with increased mortality (138). In our
dataset, we performed a data driven analysis to identify lymphoma associated features
including both cryoglobulinemia and the presence of CV. Although, cryoglobulinemia
was emerged as an independent feature, this finding is random, since in our specific
dataset both cryoglobulinemia and CV possess the same power of significance,
according to the FCBC algorithm and, eventually one of them, but not both could be
selected as a potentially independent variable. The FCBF algorithm categorizes on a
mathematical based manner, features and variables with minimal inter-correlation and
therefore it was unexpected to pre-select both cryoglobulinemia and CV as potentially
independent variables for the logistic regression model. Thus, it was highly unlikely to
compare cryoglobulinemia and CV as independent variables for any type of LR model,
since the first variable is a prerequisite for the second. Finally, to address this question,
we analyzed concomitantly the group of the 44 pSS cryoglobulin positive patients
without vasculitic tissue damage and compared it with the 71 pSS CV patients. Around

half of the pSS-CV patients had NHL, while that was true only for one fourth of
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cryoglobulin positive CV negative pSS patients. In the latter group the determining
factor for lymphoma development was the presence of mRF in the cryoprecipitate
(87.5% of patients with lymphoma) i.e. type Il cryoglobulinemia and not type Ill. In the
pSS-CV patients where the prevalence of lymphoma was double, the presence of IgMk
mRF type Il cryoglobulinemia was 97%. At this point, we feel it is important to
emphasize that the capacity of serum cryoglobulins to precipitate in tissues may be
affected by many factors: a) the quantity of circulating cryoglobulins as a net balance
between production and clearance (292,293), b) the degree of the affinity-avidity of
the monoclonal component with rheumatoid factor activity against the polyclonal I1gG
component (294), c) the physicochemical properties of cryoglobulins such as
sialylation of the Fc portion and d) several environmental factors including
temperature, pH and the presence of plasma hyperfiltration conditions in specific
tissues (294,296). Thus, the cryoprecipitable IgMk mRF, the common denominator
between the two groups, operates as either a double or single sword edge in patients
with pSS-CV and pSS with cryoglobulinemia only, regarding lymphoma development.
In the second case, it represents only the B-cell clonal expansion, whilst in the first
case it is the major element responsible for the generation of the complex disease of
CV that can be seen as a composite index, born by nature. This can explain why in
several previous studies, many items of CV served as predictive factors for future
lymphoma development. Another issue that remains inadequately addressed in the
literature, is the net effect of specific treatment modalities on lymphoma
development. In this series of pSS-CV patients, the majority of those with severe
vasculitic involvement were treated with corticosteroids, hydroxychloroquine, B cell
depletion therapy (rituximab) and plasmapheresis. In very few cases
cyclophosphamide was administered, while MTX and AZA were more commonly used
in pSS-CV patients compared to cryoglobulin negative controls. pSS-CV patients
without lymphoma have been also treated more frequently with MTX and AZA
compared to those with lymphoma. Therefore, it seems that the additional risk from
the excess use of MTX and AZA among pSS-CV patients compared to controls is low,
suggesting that systemic immunosuppression confers low risk to lymphoma

development.
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In this work, we present our results with and without Bonferroni correction that
represents one of the most widely used methods for p-values adjustment to avoid type
| error in the context of multiple comparisons. However, it has been supported that
Bonferroni correction is very stringent and augments the occurrence of type Il error
(297). Therefore, many researchers including the authors of this manuscript, choose
not to make any adjustments for multiple comparisons and present data on the
original form (297), while part of the scientific community believes that Bonferroni
correction is of limited use in biomedical science (298). For all reasons mentioned
above, we show the original and Bonferroni adjusted p-values, adopting in this way all
scientific opinions. At the end, CV was proven a major risk factor for lymphoma
development. The statistical significance of this element was not lost after Bonferroni
correction, a finding that further strengthens our conclusions. On the other hand, the
non-specific features of CV such as Raynaud’s phenomenon and fatigue did not retain
statistical significance after adjustment, implying that a type Il error may have
occurred.

The current study has some limitations. Even if the group of pSS-CV patients is the
largest ever described, its number is still relatively small and therefore, a larger group
would allow a better power analysis. While our study was amply powered, the
resulting confidence intervals of effect estimates, support the necessity for the
refinement of exact effect size estimates, in further prospective investigations. The fact
that not all pSS patients included in the total study population have been evaluated
for cryoglobulins, probably underestimates the real prevalence of both
cryoglobulinemia and CV, pointing out a selection bias. However, the evaluated pSS
patients represent more serious cases and therefore, our results can be generalized,
as they reflect the real clinical practice. In addition, the inclusion of non-specific
manifestations in the 2011 classification criteria of CV is an inner deficit, leading to
overestimation of such manifestations in the context of pSS CV, since they can be
attributed to either the CV or pSS itself. Such limitations, regarding not only the clinical
phenotyping of CV in pSS but also the need for validation, are expected to be overcome
through a large multicenter study population in the context of the HarmonicSS project.
Another limitation is the heterogeneity in terms of ethnicity, genetic background, and

environmental influence between Greek and Italian pSS patients who participated in
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the study. Finally, the FCBF/LR data driven analysis was applied on the dataset of pSS-
CV and cryoglobulin negative patients, of whom 46 had lymphoma, a relatively small
number that is anticipated to affect the sensitivity level of the model.

In summary, CV associated with pSS constitutes a specific clinical phenotype of pSS,
associated with both an inflammatory component, clinically expressed as vasculitis
and NHL development. The presence and type of cryoglobulins should be evaluated
early and during follow up in every patient with pSS. In the majority of patients, CV is
appeared early after pSS onset, with non-specific clinical manifestations or purpura.
The major determining factor of CV is the IgMk mRF of type Il mixed cryoglobulinemia,
offering the opportunity to use B cell targeted treatments that have the potential to
halt the progress of the disease. Finally, the clinical expression of pSS-CV, has certain
differences compared to HCV related CV, reflecting biologic differences which may
guide the physicians in the differential diagnosis and the proper therapeutic

interventions.
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Abstract

Systemic vasculitides constitute an heterogenous group of rare, chronic and often
recurrent systemic autoimmune/autoinflammatory diseases, characterized by multi-
level heterogeneity in terms of clinical phenotype, histologic patterns, pathogenetic
mechanisms and treatment selection strategies. The vascular damage implicates
various disease-specific mechanisms including natural and specific immunity, immune
complex formation and presence ANCAs. The acceleration of three classical types of
arterial damage (inappropriate arterial remodeling, atheromatosis and
arteriosclerosis), affecting both the micro- and macro-circulation, has also been
proposed as an additional mechanism of vascular injury at least in some PSV types.
This is attributed to the interplay between tissue and systemic inflammation,
immunosuppressive therapy, and common CVD risk factors and may contribute to the
increased CVD morbidity and mortality of PSV patients. The identification of the
variable clinical phototypes even within the same type of SV, the identification of
clinically relevant biomarkers, concerning both the inflammatory process and
comorbidities as well as the molecular stratification of patients towards precise
targeted treatments are still unmet needs.

The present study aims to:

I. Explore the presence and potential reversibility of subclinical vascular dysfunction
and/or damage both in the micro- and macro-circulation in SV by evaluating four
main vascular pathologies (atheromatosis, arterial stiffening, arterial
remodeling/hypertrophy and pressure wave reflection impairment) in four
different vascular beds (carotid, aortic, femoral and retinal) using gold-standard in
clinical practice, non-invasive vascular biomarkers. The monitoring of subclinical
vascular damage might provide insights on the development of these vascular
pathologies in SV as well as guide the management of these patients, in similar
ways as in individuals with CVD risk factors.

Il. To identify and investigate the specificity of already existing biomarkers such as
pPANCAs as well as the identification of novel biomarkers within the metabolic

profile of patients related to disease activity.
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Ill. To describe the clinical spectrum of cryoglobulinemic vasculitis in primary Sjogren’s
syndrome, identify the biomarkers associated with future lymphoma development

and depict the differences with hepatitis C virus related CV.

Patients and Methods

A. To evaluate the micro- and macro-circulation in SV, 73 PSV patients, matched at
1:1 according to age/sex/CVD risk factors with non-inflammatory controls-(NIC)
and rheumatoid arthritis-(RA) controls were studied. In the case of GCA, patients
with PMR without underlying vasculitis served as a second disease control group.
Atheromatosis-(carotid/femoral plaques), arterial stiffening-(cfPWV), pressure
wave reflections-(Alx and Alx75) and arterial remodeling-(cIMT) and retinal vessel
calibers (CRAE, CRVE) were evaluated in both active and inactive disease state.

B. To explore the metabolic profile in sequential sera of GCA and PMR patients 110
serum samples from 50 patients (33-GCA and 17 PMR) at 3 time points, 0-(V1:
active disease), 1 and 6 months-(V2 and V3: remission) of treatment with
glucocorticosteroids, were subjected to NMR-based metabolomic analysis. Multi-
and univariate statistical analyses were utilized to unveil metabolome alterations
following treatment. Moreover, we investigated the occurrence of ANCA-related
antigenic specificities in 82 P-ANCA-positive sera by multiplex ELISA, as well as their
association with other autoantibodies. The P-ANCA-positive sera corresponded to
patients with SV (n=24), SLE (n=28), APS (n=5), SS (n=7), RA (n=3), SSCL (n=1),
sarcoidosis (n=1) and Hashimoto thyroiditis (n= 13).

C. From 1083 pSS patients we identified 71 with cryoglobulinemic vasculitis. pSS-CV
patients were matched with pSS patients without cryoglobulins (1:2) and HCV-CV
patients (1:1). Clinical, laboratory and outcome features were analyzed. A data
driven logistic regression model was applied for pSS-CV patients and their pSS
cryoglobulin negative controls to identify independent features associated with

lymphoma.

Results
I. Aortic PWV in PSV was higher by 0.7 m/sec compared to NIC, and by 1.3 m/sec to
RA-controls-(p=0.003) and was more pronounced in LVV/MVV (p=0.08 and p=0.001
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respectively). Alx was decreased in all PSV (p=0.03) and predominantly in SVV
compared to NIC-(p=0.04) and RA-controls (p=0.09 all, p=0.07 active disease).
Atherosclerotic plague formation prevailed in all vascular beds at diagnosis being
more enhanced in LVW/MVV (p=0.007, p=0.03, p=0.004), compared to NIC and only
both carotid/femoral-(p=0.02) to RA-controls. Carotid IMT was higher in LVV/MVV
irrespectively to disease state and control group and was the most sensitive to
change biomarker between activity-inactivity. Active GCA was associated with
increased PWV/plaques/cIMT compared to matched-NIC, RA and PMR-controls.
Venular and arteriolar retinal dilatation was observed in all active disease groups,
while inactivity was associated with irreversible dilatation of the arterioles compared
to NIC-(p=0.029) and RA-controls-(p=0.008). In brief we found that non-invasive
vascular biomarkers allow early identification of vascular pathology at disease
diagnosis suggesting disease specific rather than treatment related CVD association,
suggesting that early management of CVD risk factors as proposed by biomarkers
assessing subclinical atheromatosis and arteriosclerosis could prevent long term CVD
events in PSV patients.

Il. Distinct metabolic profiles were identified between activity and remission,
independently to disease type. N-acetylglycoproteins and cholines of bound
phospholipids, emerged as predictive markers of disease activity. Altered levels of
4 out of the 21 small molecules were also observed, including increased levels of
phenylalanine, and decreased of glutamine, alanine, and creatinine in active
disease. Metabolic fingerprinting discriminated GCA from PMR in remission. GCA
and PMR patients exhibited characteristic lipid alterations as a response and/or
adverse effect of GCs treatment. Correlation analysis showed that several
identified biomarkers were further associated with acute phase reactants, C-
Reactive Protein and Erythrocyte Sedimentation Rate. The NMR profile of serum
metabolome could identify and propose sensitive biomarkers of inflammation.
Metabolome alterations, following GCs treatment, could provide predictors for future
steroid-induced side effects.

[Il. In most P-ANCA-positive patients studied (51/82, 62.3%), these autoantibodies
occurred in high titers (>1:160). The analysis of P-ANCA-positive sera revealed

reactivity to MPO in only 50% of patients with vasculitides, whereas it was
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infrequent in the other disease groups studied. Reactivity to other P-ANCA-related
autoantigens was also rarely detected. Our findings support that high P-ANCA titers
occur in SARD. The P-ANCA-positive staining pattern is associated with MPO
specificity in vasculitides, while in other autoimmune diseases, it mostly involves
unknown autoantigens.

IV. pSS-CV patients had higher frequency of extraglandular manifestations and
lymphoma (OR=9.87, 95% Cl: 4.7-20.9) compared to pSS patients without
cryoglobulins. Purpura was the commonest vasculitic manifestation (90%),
presenting at disease onset in 39% of patients. One third of pSS-CV patients
developed B-cell lymphoma within the first 5 years of CV course, with
cryoglobulinemia being the strongest independent lymphoma associated feature.
Compared to HCV-CV patients, pSS-CV individuals displayed more frequently
lymphadenopathy, type Il IgMk cryoglobulins and lymphoma (OR = 6.12, 95% ClI:
2.7-14.4) and less frequently C4 hypocomplementemia and peripheral neuropathy.
In conclusion, pSS-CV has a severe clinical course, overshadowing the typical clinical
manifestations of pSS and higher risk for early lymphoma development compared
to HCV related CV. Though infrequent, pSS-CV constitutes a distinct severe clinical

phenotype of pSS.

Future studies with long term follow-up and stratification according to
immunosuppressive treatment will facilitate our better understanding of the link
between vascular pathology and inflammation, yet providing new diagnostic,

prevention and response treatment biomarkers.
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NepiAnyn

OL CUOTNUOTIKEG ayyeLTIOEG (2A) CUVLOTOUV HLO ETEPOYEVH OUASA OTIAVLWY, XPOVLWY,
HUE OUXVEC UTIOTPOTIEG, OMASO CUOCTNUATIKWY OUTOAVOOWV/aUTOPAEYHOVWSWV
VOONUATWY, TTOU Xopaktnpilovtal anod noAv-emninedn etepoyévela n onoia adopd Tov
KALVLKO $OlVOTUTIO, TA LOTOAOYLKA TIPOTUTIA, TOUG ABOYEVETIKOUG UNXAVIOUOUG KOLL TLG
oTpatnywkeég emloyng Bepamneiag. H ayyelakn BAABn amodidetal oe Siddopoug
HUNXQVLOMOUG €L8LKOUG yLla T VOO0, CUUTEPIAAUBAVOUEVNG TNG KUTTAPLKAG avooiag,
TOU OXNMOTLOHOU 0lVOOOCUUMAEYUATWY KoL TNG mapouaoiag ANCA. H emutayuvon twv
3 KAQOLKWV TUTIWV aptnplakng BAABNC (aptnplakny avadlapopdwon, abnpwudtwaon
Kal aptnplookAnpwaon), mou emnnpedlouv TOOO TN HIKPO- OCO KOL TN HAKPO-
KukAodopla, €xel emiong mpotabel TOUAAXLOTOV O OpLOUEVOUG TUTIOUG ZA. AUTo
amobidetal otnv aAAnAemidpacn HETALU LOTIKAC KAl CUOTNUATIKAG GAEYUOVAC,
O0VOOOKOTOOTAATIKAG BEpameiag Kol KOWWY TapayovIwy KvdUvou KopSLayyeLoKAG
vOOOU Kol Umopel va oUUBAAeL otnv auénuévn KopSlayyelokn voonpotnta Kol
Ovnowotnta oautwv Twv ooBevwv. H avayvwplon Twv SLOKPITWY  KAWVLIKWV
daLvoTUTIWY aKOUN KAl VIO TOU 8Lou TUTIoU ZA, n avayvwpLon KAWIKA-OXETW{OUEVWV
Bodelktwy, mMou adopolv TOoO TN PAsypovwdn blepyacia 600 KoL TIG OUV-
voonpOTNTES, KABWC Kal N LOPLOKN SLACTPWHATWON TWV 0L0OEVWVY ITPOC OTOXEUUEVES

Bepameieg e€akoAouBolV va amoTeAOUV AVEKTTAN PWTEC AVAYKEC.
H mapouoa peAétn otoxevEL va:

I. Alepeuvnosl TNV Tapoucsia Kol TNV mlavr) avaoTpePUOTNTA TNG UTIOKALWVIKAG
ayyelakng SucAettoupyiag kat/n tng BAABNG TO00 0T UIKPO- GCO0 KoL 0TN HAKPO-
KukAodopia otic XA, aflohoywvtag TECOEPL, KUPLEG QYYELAKEG TaBoAoyiec
(aBnpwpadatwaon, aptnplakn okAnpuvaon, aptnplakn avadiapopdwaon/uneptpodia
Kal dtatapaxr avakAaong KUPATWV Tieong) o TE0oepLg SLAdOPETIKEG AYYELAKEC
douég (kapwtibeg, aoptrh, pnplaieg aptnpieg kat apdiBAnotpoeldng) xpnotuo-
TIOLWVTAC TIPOTUTIOUG OTNV KAWVIKI) TIPAKTIKI), HN EMEUBOTIKOUC OYYELOKOUG
Blodeiktec. H mapakoAouBnon TG UTOKAWLIKAG ayyelakns PAABNG umopel va

TAPEXEL TANPOGOPLEG YLa TNV AVATITUEN QUTWV TWV aYYELOKWY TIatBoAoyLlwy oTIg ZA
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KaBw¢ Kot va kaBodnynoel t Slaxeiplon autwyv Twv aoBevwy, PE TIOPOUOLOUC
TPOTOUG OTIWG OE ATOMO E TIAPAYOVTEG KIVOUVOU KapSLayyELaKG VOCOOU.

Il. Evtomioel kat va Slepeuvnoel Tn onpacio &N unapxoviwyv PlLodelkTwy OMwe ta
ANCA, kaBw¢ kot VEwv ocupmeplAapBavopévou tou HetaBoAlkou mpodil otnv
naBoyéveon, KabBwg Kal yla TNV mopakoAouBnon tng evepyotntag tTng vOoOU Kol
NG anoteAeopatikotntag tng Bepamneiog otig ANCA OXETIXOUEVEG QYYELTLOEG Kat
v MNyavrtokuttapkn aptnpitida (FA) avtiotolya.

lIl. Nepypadel to KAWIKO dAcpa TNG Kpuoodalpwalpikng ayyelitidag (KA) oto
npwtonaBEég cuvdpopo Sjogren, va SLEPEUVNOEL TN OXECN TOU UE TO Aéudwpa Kol

va evtornioel TG dtadopeg pe tnv KA mou oxetiletal pe Tov L0 tng nrmatitdag C.
AcBeveic kat M£bodot

A. Ta tTnv afloAdynon tng HLKPOo- Kal pakpo-kukAodopiag otig ZA, peletOnkav 73
00Beveig pe kamolo tumo XA, ol omoiot avrtiotownBnkav 1:1 wg nmpo v nAkia, To
dUAO Kol 6AOUG TOUG TAPAYOVTEG KapdlayyelakoU KvdUvou KabBwg Kol OXETI{OUEVEG
Oepameleg, Ye UYLEIC HAPTUPEC KoL HAPTUPEC VOOOU aoBevel¢ pe peupoToeldn
apBpitida (PA). Ztnv nepimtwon ¢ MA, aoBeveic pe peuvpatiky moAupuoAyia (PM)
XWpPL¢ umokeipevn ayyetitidba xpnoipevoav wg deutepn opdda eAéyxou TNG VOOOU.
ABnpwpdtwon (kopwtlSIKEG/UnpLlaieg TmAAKeG), aptnplakrn okAnpia (cfPWV),
avakAwpeva kopoata mieonc (Alx kat Alx75), aptnplakn avadiapopdwon (cIMT) kat
Stapétpnua ayyeiwv apdipAnotpoeidol¢ (CRAE, CRVE) afloloynbnkav toco oe

€VePYN 000 Kal o€ avevepyn ¢Acn TnG vooou.

B. Na tn Stepevivnon tou petaBolikou mpodiA o Stadoxikoug opoug acBevwy pe MA
kat PM, 110 delypata opou amno 50 acBeveig (33-TA kat 17 PMN) o€ 3 xpovikd onueia, 0-
(V1: evepyn vooog), 1 kat 6 pnveg-(V2 kat V3: Odeon) petd amd Oepameio pe
YAUKOKOpPTLKOOTEPOELSN, umoBANBnkav oe petaBolouiky avaluvon Boolouévn o€
NMR. XpnotwuomowiBnkav moAu- Kol LOVOUETAPBANTEG OTATIOTIKEG OVAAUOELG yla va
armokoAUPouv peTaBoAéC TOU HeTafoAlopol peta Tt Oepameia. EmutAéov,
Slepeuvnoape tnv avtyovikn edikotnta Twv ANCA oe 82 P-ANCA-BeTIkOUG 0poUG e
multiplex ELISA, kaBw¢ Kal TN cUCXETLON TOuG pe GAAa autoavtiowpota. Ot P-ANCA-
Betikol opotl avtiotolyouoav os acBeveis pe ZA (n=24), ZEA (n=28), (n=5), SS (n=7), PA
(n=3), SSCL (n= 1), capkoeidbwon (n=1) kot Bupeoeiditida Hashimoto (n= 13).
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. Ao 1083 acBeveic pe pSS evromicape 71 pe kpuoodalpvalikn ayystitida. Ot
00Beveig pe pSS-CV avtiotolyiotnkav pe aoBeveig pe pSS xwpic kpuoodatpiveg (1:2)
Kot aoBeveic pe HCV-CV (1:1). AvaAuOnkav ta KAWVIKA, EPYOOTNPLAKA XOPAKTNPLOTLKA
KAl TO XAPOKTNPLOTIKA £KPaong. Eva povtéAo AoyloTikng maAlvépounong mou
Baoiletal oe dedopéva edpapupolopeva yla acbeveig pe pSS-CV kal TOug apvnTIKOUG
yla Kpuoodalpiveg LAPTUPECG PSS yLO TOV EVIOTILOUO QVEEAPTNTWY XOPAKTNPLOTLKWY

Tiou oxetilovtal pe To Aépudwua.
AnoteAéopata

I. H aoptikn TaxutnTa odpuypLkol KUpatog otig 2A ftav uPnAdtepn kata 0,7 m/sec oe
oUYKPLON HE EKEIVN TWV LYLWV HapTUpwWV Kal Katd 1,3 m/sec o oxéon pe PA paptupeg
(p=0,003) kat Atav mio évtovo otig LVV/MVV (p=0,08 kat p=0,001 avtictoixa). To Alx
HEWwONKe og OAeg TG ZA (p=0,03) kal Kupiwg otig SVV o oUYKPLON UE TOUG UYLELC
(p=0,04) xair PA paptupec (p=0,09 OAa, p=0,07 evepyny voco). O OXNUATIOMOC
0ONPWHATIKAG TTAAKOG ETILKPATNOE O€ OAEC TLG AYVELAKEG SOUEG KATA TN SLAyvwan Kal
ATav Lo eVIoXUHEVoC og LVV/MVV (p=0,007, p=0,03, p=0,004), og oUyKpLON UE UYLELG
Kol HOvo oe kKoapwtideg/unplaieg (p=0,02) oe PA-pdptupes. To maxoG £0w-UECOU
Xttwva Atav uPnAotepo otig LVV/MVV ave€dptnta amno tnv KOTaotaon Tt VOooU Kal
Vv opada eAéyyou kal NTav o To evaicbntog¢ oe alhayry Brodeiktng petaly
EVEPYOTNTAC Kal vooou ot Udeon. H evepyn FA ouoxetiotnke pe au&nuévo
PWV/mAdkeg/cIMT o oUyKplon HE TOUG QVTIOTOLXOUG HAPTUPEG LYLELG, PA kat P.
MNapatnpnbnke &lataon t6co tou aptnpldiou 600 kot tou PAspLdiov TOU
opdIBANCTPOELOOUG O OAEGC TIC €VEPYEC OMAdEC aoBevelwv, evw n Udeon NG
dAeyuovng ocuoxetiotnke Le Un avaotpePun dtataon Twv aptnpdiwv oe cuykpLon
HE Toug VYLeic (p=0,029) kat PA paptupeg(p=0,008). Ev cuvtopia, Slamiotwoape OtL ot
un eneppatikol ayyelakol PLOSEIKTEG €MITPEMOUV TNV E£yKalpn avayvwplon tng
ayyeLakng maboloyiag kata tn Stdyvwaon TN vooou, UTIodNAWVOVTAC VOCO-ELSLKNA Kal
OxL oxetwlopevn pe tn Beparmeia cuoxEtion, umodnAwvovtag €tol OTL N €ykalpn
Slaxeilplon Twv mapayoviwy KivdUvou KapdLayyeLaKniG VOOOU, OTIWGE TIPOTEIVETAL OO
Blodeikteg mou afloAoyolv TNV UTTOKALVIKY aBnpwpdTtwaon Kot aptnplookAnpwaon, a
Umopouoe va anotpéPel pakpomnpobeoua kapdlayyslaka cupBavta os acBeveic pe

ZA.
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II. Tautomow)Bnkav StadopeTikd PLeTaBoAKA TTPodiA HeTafl evepyoTNTOC KOl UPEDNC,
ave&dptnTa Ao Tov TUTO TNG VOoou. Ot N-akeTUAOYAUKOTIPWTEIVEG Kol oL XOAVEG TwV
deopevpévwy  dwodoAutdiwy, eudavioTnkav WG TPOYVWOTIKOL OelkTeEG NG
SpaotnplotnTag Tng vooou. MNapatnpndnkav eniong tpomonotnuéva enineda 4 ano
Ta 21 YIKPA LOPLA, CUUTEPLAAUBAVOUEVWY QUENUEVWY ETULMESWV dalvUAaAavivng Kal
HEWMEVNG YAouTapivng, adavivng Kal KpeaTvivng otnv evepyo vooo. To petafoAlko
S0KTUALKO amotuntwpa Stékpve tnv FA amo tnv PN povo otnv udeon. Ol acBeveig pe
F'A kat PM gudavicav xapoKTnPLOTIKEG LETABOAEC Twv Autdiwv w¢ amokplon kat/n
averBountn enidpaocn tng Beparmneiag pe KOPTIKOOTEPOELST). H avaluon cuoxEtiong
€6e1€e OTL apketol TaAUTOTOLNUEVOL PBLOSELKTEC OCUOKETIOTNKAV TIEPALTEPW HE
npwteiveg oelag paong, tnv C-avidpwoa MpwTelvn Kal TRV toxutnTa Kabilnong
epuBpwv atpoodatpiwv. To mpodpid NMR tou petaBoAlopol tou opol Ba pmopoloe
va avayvwploel kat va mpoteivel evaiobntoug Blodeikteg pAeypovng. Ot peTaolEg
Tou petafoAlopou, peta tn Bepaneia pe koptikootepledr), Ba pumopolvoav va €xouv

TIPOYVWOTIKO POAO yLa LEAAOVTIKEC TIOPEVEPYELEG TIOU TIPOKAAOUVTOL ATIO OTEPOELSN.

[ll. 3toug meploootepouc Betikouc oe P-ANCA aoBeveic mou peAetnOnkav (51/82,
62,3%), autd Ta autoavilowpata spdaviotnkav oe vPpnAoug titdoug (>1:160). H
avaiuon Twv P-ANCA-Betikwv opwv amokalue avtidpaotikotnta oto MPO pévo oto
50% twv acBevwv pe ayyeltida, evw NTav onavia otig AAAEC opadeg aobevelwy ou
peAetAOnkav. H avidpaoctikotnta o€ AAAA aUTOAVILyOVO TTOU OXeTilovTal PE To P-
ANCA avixveuBnke emniong omavia. Ta eupnuatd pog untootnpilouv otL epdavilovral
uvdnAot titAot P-ANCA og mAR00¢ CUCTNUATIKWY AUTOAVOOWV VOONUATWYV. To potifo
xpwong pe Betiky P-ANCA oxetiletal pe tnv edikotnta MPO oTI¢ ayyeltideg Kot
TPWTLOTWG 0TNV ULKPOOKOTILKN TIoAUayYELTIOA, EVWw 0 AAAEC AUTOAVOOEG OLODEVELEG,

WG 11l To MAeloToV TTEPANAUBAVEL AYVWOTA AUTOAVTLYOVAL.

IV. Ot aoBeveic pe pSS-CV eixav uPnAotepn cuxvotnta e€wadevikwv eKSNAWCEWV KoL
Aepdwpatog (OR=9,87, 95% Cl: 4,7-20,9) oe ouykplon pe acBeveig pe pSS xwpig
kpuvoodalpiveg. H mopdpupa nAtav n ouxvotepn ayyelakn ekdnlwon (90%), pe
eudavion katd tnv evapén tng vooou oto 39% twv aobevwv. To €va tpito TWV
aoBevwv pe pSS-CV aveéntuéav Aépdwpa B-kuttapwy pHEoa oTa TPWTA 5 Xpovia TG

Tmopeiag ¢ Kpuodalpwalllkng ayyeutidag, Ue tnv Kpuoodalplvatpio va eivat o
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LOXUPOTEPOG TTAPAYOVTAC TIOU OXETIOTNKE HE aVATITUEN AU WHATOG. 2€ oUYKPLON HE
Tou¢ aobBevelc pe HCV-CV, ta dtopa He pSS-CV  eudadavicav cuxvotepa
Aepdadevonabela, kpuoodatpiveg IgMk tumou Il kat Aépdwpa (OR = 6,12, 95% Cl:
2,7-14,4) kai omaviotepa C4 uTooUUTANpWHALUia Kal TiepldePLKr) veupomabeLa.
JUMIMEPACHOATLKA, TO N KPUOOHALPWVALULKA ayyeLitida oto mAaiolo SS €xel cofapn
KALVLKI TtopEla, EMLOKLATOVTAG TLG TUTILKEG KALWVLKEG eKONAWOELG Tou SS Kkat upnAotepo
Kivéuvo yla mpwipn avamntuén Aepdwpatog o€ cUYKPLON UE TNV KPUOOGHALPLVALULKN
ayyetitida mou oxetiletal pe tov HCV. Av kal omavia, N KpuoodalpLVaLLK ayyeLTida

amoteAel évav Eexwploto ooPfapo kKAWIKO patvotumo tou SS.

MEeANOVTIKEG HEAETEC HE HOAKPOXPOVIO TapokoAolBnon Kol SlooTpwudtwon
ocVudpwva HE TNV avoookaTaoTaAtikn Bepameio Ba SieukoAUvouv tnv KaAUtepn
Katavonon ¢ oxéong Hetafl ayyelakng maboloyiag kal GAEyUOVAG, TTIOPEXOVTAG
woToo0 VEoug Plodeikteg yla tn Sldayvwon, tTnv mPoAndn Kol TNV amokpLon otn

Bepameia.
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Accelerated atheromatosis and arteriosclerosis in

primary systemic vasculitides: current evidence
and future perspectives

Ourania D. Argyropoulou?, Athanase D. Protogerou?, and Petros P. Sfikakis®

Purpose of review

Primary systemic vasculitides (PSV) encompass a subset of autoimmune diseases, characterized by
inflammation of blood vessels. Atheromatosis and arteriosclerosis may be accelerated in several PSV and
account for the increased rate of cardiovascular morbidity that some exhibit. We aimed to summarize
recent studies reporting on the acceleration of atheromatosis and/or arteriosclerosis in each type of PSV,
using state-ofthe-art noninvasive vascular biomarkers with clinical value as end points.

Recent findings

Limited number of PSV patients and methodology limitations reduce the value of many published studies.
Accelerated atheromatosis, as measured by the use of carotid ultrasonagraphy (plaques and intimal-
medial thickening) and increased arterial stiffening, as measured by the use of applanation tonometry
(carotid to femoral pulse wave velocity), are currenly well established in Takayasu arteritis, Kawasaki
disease and Behcet's disease. The association of atheromatosis and arteriosclerosis with polyarteritis
nodosa and small vessel vasculitides remains less established and studied, so far.

Summary

Accelerated atheromatosis and arteriosclerosis or arteriosclerosis are established in some PSV. The
potential clinical value of easy-to-measure and clinically useful noninvasive vascular biomarkes prompts the
need for large prospective cohorts in order to provide useful future guidance regarding the prognosis and

treatment of PSV patients.

Keywords

arteriosclerosis, atheromatosis, infima-media thickness, primary vasculitides, pulse wave velocity

Primary systemic vasculitides (PSV) is a heteroge-
neous group of rare and potentially life-threatening
diseases characterized by inflammation of the vas-
cular wall [1%,2]. The size and localization [4] of the
involved vessels in association with the nature of the
inflammatory process (focal or systemic, presence
of necrosis, immune complex formation) account
for the variability of the clinical manifestations
between the various PSV [2]. Prior to the introduc-
tion of corticosteroids, the natural history of
untreated PSV was that of a rapidly progressive
and usually fatal disease [3,4]. Nowadays, the causes
of death include cancer and infections because of
chronic immune activation and/or immunosup-
pressive therapy [4,6]. Premature deaths may also
occur because of acute renal failure and pulmonary
hemorrhage, especially in small vessel vasculitides
[S], whereas macrovascular complications (e.g. cor-
onary artery disease, stroke, aneurysm formation

1040-8711 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

and rupture) are the leading causes in medium
and large vessel vasculitides [3,4,5]. Vascular dam-
age in PSV is primarily characterized by lumen ste-
nosis, occlusion or aneurysmal dilatation of blood
vessels because of intramural inflammation and
necrosis [3]. Mural fibrin deposition in arterioles
or venules as well as angiocentric inflammatory cell
infiltration are the hallmarks of biopsy-proven
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KEY POINTS

e The limited number of primary systemic vasculitides
(PSV) patients and methodology limitations (lack of
prospective data, often misuse the interpretation of
vascular biomarkers) reduces the value of many
published studies.

Strong data on the acceleration of atheromatosis and
increased arterial stiffening are currently present in
Takayasu arteritis, Kawasaki disease and

Behcet's disease.

e The association of atheromatosis and arteriosclerosis
with polyarteritis nodosa and small vessel vasculitides
remains the least established, so far.

e The potential clinical value of noninvasive vascular
biomarkers such as carotid intimal-medial thickening
and carotid to femoral pulse wave velocity prompts the
need for large prospective cohorts in order to provide
useful future guidance regarding the prognosis and
treatment of PSV patients.

diagnosis [3]. The early steps in the immunological
process of vascular damage in PSV cannot be
considered to be uniform, as various discrete mech-
anisms such as endothelial activation and dysfunc-
tion, autoantibodies to endothelial cell-surface
antigens or neutrophil components and abnormal
IgA tissue deposition are involved [S]. Moreover,
emerging evidence suggest that the two classical
pathways of arterial damage, namely, atheromatosis
(i.e. atheromatic plaque formation), and arterioscle-
rosis (i.e. arterial stiffening), are accelerated, thus
participating in the development of microvascular

and macrovascular complications in PSV [4,7"%8].
Herein, we aim to summarize recent studies report-
ing on accelerated atheromatosis and arteriosclero-
sis or arteriosclerosis in each type of PSV. To this
end, we also present the major, widely applied non-
invasive vascular biomarkers used to assess athero-
matosis [intima-media thickness (IMT), plaque
presence] and arteriosclerosis [pulse wave velocity
(PWV) and carotid disentibility] in clinical research
and practice. Secondary vasculitides have been
excluded from the present review, as these entities
involve additional pathological mechanisms.

Although it is widely accepted that atherosclerosis
involves an ongoing inflammatory response [9], the
potential mechanisms of this phenomenon are yet
poorly studied in PSV. Although major differences
do exist, one might consider that the acceleration of
arterial damage in PSV shares several common
mechanisms with rheumatoid arthritis (RA), which
is by far, the most extensively studied model of
arterial damage in chronic inflammatory diseases
[10,11]. Therefore, cautious extrapolation of these
mechanisms to PSV seems reasonable. In brief, these
mechanisms involve: the primary intramural vessel
wall inflammation (Box 1, Fig. 1); the secondary
vessel wall inflammation by systemic inflammation
(Box 2. Figure 1); PSV-related drug treatment-
induced deleterious effects on the vessel wall

Box 2.

systemic inflammation.

those affected by primary intramural

|
Indirect effect on distal arteries beyond
vessel wall inflammation

y vessel wall i ion by

Box 3.

Drug treatment induced deleterious
effects on the vessel wall.

e.g. corticosteroids

—

Box 1. \/
Primary intramural vessel

wall inflammation.

Direct effect of local \
inflammation on local arteries \/

Acceleration of
atheromatosis
and/or
arteriosclerosis

; Box 4.

\— Effect of "classical"
cardiovascular disease risk
factors.

e.g. chronic renal damage, arterial
hypertention, dyslipidemia (limited
\ data availiable in PSV patients)

Potential mechanisms leading to the acceleration of atheromatosis and arteriosclerosis in primary systemic

vasculitides (PSV).
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(Box 3, Fig. 1) and the effect of classical cardio-
vascular disease risk factors (Box 4, Fig. 1) [7™].

Data on the prevalence of hypertension and
dyslipidemia are currently lacking in PSV patients,
but an increased incidence compared with the gen-
eral population is thought to result from the chronic
use of corticosteroids, the often presence of chronic
renal damage, as well as the chronic inflammatory
process per se. These general mechanisms may not
only precipitate the classical inflammatory process
of atheromatosis [7*"], but also may account for
the disruption of the balance between synthesis
and degradation of collagen and elastin, leading
to vascular stiffening [8].

Atheromatosis (atheromatic plaque formation) and
arteriosclerosis (reduced elasity because of elastin
fiber loss or dysfunction) represent two distinct
pathways of arterial damage, which although share
some common risk factors but have different dam-
age and pathophysiological consequences. A large
variety of noninvasively assessed vascular biomark-
ers have been developed during the past 30 years to
describe these two pathways [12*]. The most widely
applied and herein used biomarkers are described in
Table 1. These biomarkers are used to investigate the
damage of the artery and optimize cardiovascular
risk stratification in clinical practice but currently
cannot be used in treatment follow-up [12*].

Takayasu arteritis

Takayasu arteritis is a chronic inflammatory
granulomatous vasculitis, manifesting mainly as a

panaortitis and occuring commonly in young
women between 10 and 30 years [13]. Takayasu
arteritis is associated with a significantly increased
risk of cardiovascular complications, including cere-
brovascular events, aortic aneurysm formation and
ruptured and congestive heart failure. The mecha-
nisms that link Takayasu arteritis with late cardio-
vascular complications remain to be fully elucidated
[15].

In Takayasu arteritis, the inflammatory process
commences from the adventitia and progresses to
the intima leading to segmental stenosis, occlusion,
dilatation and aneurysm or aneurysm formation.
Histologically, it is characterized as a ‘panarteritis’
involving all layers of the arterial wall, including
intimal fibrous thickening and/or typical atheroma-
tous lesions, destruction of medial smooth muscles
and elastic layers, cellular infiltration and collage-
nous fibrosis in the media and thickened adventia
with cellular infiltration around vasa vasorum.
Intact areas between affected areas in arteries
("skipped lesions’) are usually revealed in pathologi-
cal studies [14].

Although the number of Takayasu arteritis
patients is still limited, Takayasu arteritis is the most
well studied PSV regarding the mechanisms of athe-
romatosis and arteriosclerosis. Most studies have
demonstrated that carotid artery IMT (cIMT) is
significantly higher in the Takayasu arteritis
group as compared with the control group
[16"%,19,20%,21,22]. Moreover, high prevalence of
atheromatic plaques is seen and can not be
explained by the traditional vascular risk factors
[16™,18%,19,20% 21]. Of note, it was suggested that
the abnormal cIMT might be used as a reliable
marker of disease activity in Takayasu arteritis (sen-
sitivity of 82% and specificity of 60%) and that it
should be part of the routine evaluation of Takayasu
arteritis [21,22]. In daily practice, clinicians may
have difficulty in making differential diagnosis
between Takayasu arteritis-related vascular lessions

Table 1. Noninvasive vascular biomarkers used for the study of atheromatosis and arteriosclerosis

Intima—-media thickness

(1MT)

Plaque presence Carotid-femoral pulse wave

velocity (cfPMV)

Measured by Ultrasonography

Disease studied

Arterial remodeling and/or
atheromatosis (at the level of

Applanation tonometry (most
widely applied)

Ultrasonography

Arteriosclerosis (arterial
stiffening)

Atheromatosis

the common carotid artery)

Arterial bed studied Carotid Carotid and femoral Aorta (thoracic and abdominal)
Recommendation to be used in clinical Yes Yes Yes

practice in population at intermediate

cardiovascular disease risk populations
1040-8711 Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved. www.co-rheumatology.com 3
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and atheromatosis. Ugurlu et al. in a study of 58
patients investigated the morphologic and hemody-
namic changes in the carotid arteries in Takayasu
arteritis, along with patients with diabetes mellitus
and healthy controls using Doppler ultrasonogra-
phy (USG). The study showed that carotid artery
may be helpful in differentiating Takayasu arteritis
from atherosclerosis. Diffuse homogenous increase
in IMT, presence of turbulence and higher resistivity
index can be considered as suggestive of Takayasu
arteritis rather than atherosclerosis [17"].

Increasing data also suggest that Takayasu arter-
itisis associated with elevated arterial stiffness in the
central elastic arteries compared with controls and
that arterial stiffness may persist even when the
disease is quiescent. PWV was found to be signifi-
cantly increased in Takayasu arteritis patients,
despite the younger age and the comparable blood
pressure with the control group implying that struc-
tural rather than functional vascular damage takes
place in Takayasu arteritis [15,23].

Giant cell arteritis

Giant cell arteritis (GCA), the most common gran-
ulomatous PSV with a predilection for large-sized
and medium-sized arteries, occurs almost exclu-
sively after the age of 50 years and affects mainly
the extracranial branches of the carotid artery. It is
associated with doubled incidence of cardiovascular
events and 17 times increased risk for aortic aneur-
ysms [24",25,26,31].

Similar to Takayasu arteritis, GCA inflammation
involves all layers of the arterial wall and the inflam-
matory process appears to begin in the adventitial
layer at the level of vasa vasorum. Granulomatous
infiltrate including giant cells is proposed to play a
key role in the invasion from the adventitial side to
the medial and intimal layers [28].

Several early case reports (including few
patients) describe a vasculitic carotid wall thicken-
ing in GCA [28], but there are also data showing
significantly lower cIMT levels compared with con-
trols [27]. A study of 41 GCA patients showed that
steroid therapy has no influence on endothelial
function but does significantly improves cIMT in
GCA. Increasing data demonstrate that IMT mea-
surement of temporal, facial and axillary arteries can
correctly distinguish vasculitic from normal arteries
in suspected GCA, thus IMT cut-off values may
additionally help in the diagnosis of GCA [29"]. Data
for wall diameters are needed for future longitudinal
trials to monitor GCA treatment.

Limited data are availiable concerning the
potential effect of GCA on arterial stiffness. A study
of 49 patients showed that GCA patients have

4 www.co-rheumatology.com

higher PWV and dilated thoracic aortas with a
women preponderance compared with GCA men.
Further investigation is required to evaluate the
effect of severity, treatment length, disease duration
and cardiovascular risk factors on aortic morphol-
ogy and function [30"].

Polyarteritis nodosa

Polyarteritis nodosa (PAN) is an extremely rare,
necrotizing vasculitis associated with aneurysmal
nodules along the walls of medium-sized muscular
arteries that can present initially as peripheral vas-
cular ischemia [32,33]. Poor data, involving only a
few patients have been found in the literature lead-
ing to inconclusive results for the development of
accelerated atheromatosis [2,33,34,35,36].

Kawasaki disease

Kawasaki disease ia an acute medium vessel vasculi-
tis, occuring predominantly in infants and during
early childhood. The most significant complication
is the development of coronary aneurysms during
the subacute phase. These aneurysms are known to
cause coronary artery disease by causing thrombosis
and stenosis and represent a cause of sudden death
in this patient group [37,38]. A review of autopsies
from Kawasaki disease patients revealed that the
arterial damage includes necrotizing arteritis, sub-
acute or chronic vasculitis and luminal myofibro-
blastic proliferation [42"].

Recent literature implicates in this, various fac-
tors like endothelial dysfunction, proatherogenic
lipid profiles and arterial stiffening [38]. It is unclear
whether all children with Kawasaki disease have
increased later cardiovascular risk. The retinal
microvasculature reflects changes in the microcir-
culation and is associated with traditional cardio-
vascular risk factors and events. Larger retinal
venules may reflect chronic inflammation and
endothelial dysfunction, and are associated with
coronary artery disease in adults [39%%].

Carotid artery IMT is one of the most commonly
used noninvasive measures of subclinical athero-
sclerosis in both pediatric and adult populations.
There are few studies showing higher cIMT in chil-
dren with Kawasaki disease compared with controls
and others that demonstrate higher cIMT in
patients of Kawasaki disease with coronary aneur-
ysms [38]. As cIMT and aortic IMT have been shown
to be a surrogate marker of both coronary and
peritheral atherosclerosis, higher cIMT and aortic
IMT in children with Kawasaki disease along with
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proatherogenic abnormatiries in lipid profile may
predict a higher risk of coronary artery events in
later life [38,40"%,41"%,43"].

Numerous studies have demonstrated the asso-
ciation between Kawasaki disease and arteriosclero-
sis. Overall patients with a history of Kawasaki
disease exhibited a high PWYV relative to controls.
This suggests that these patients have a subsequent
tendency for increased arterial stiffness. Conse-
quently, life-long follow-up should be advised to
evaluate cardiovascular diseases caused by former
Kawasaki disease vasculitis and age-associated
factors [37,44,45%,46"].

Antineutrophil cytoplasmic antibody-
associated vasculitides

Antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitides (AAV) include three clinical
entities: granulomatosis with polyangiitis (GPA),
microscopic polyangiitis (MPO), eosinophilic GPA
(EGPA or Churg-Strauss syndrome). They are nec-
rotizing vasculitis with few or no immune deposits
affecting predominantly small vessels [1%,4]. GPA
and EGPA are also characterized by granulomatous
inflammation [4]. Although AAV share several clini-
cal and histopathological features, they represent
three distinct diseases, mainly on the basis of ANCA
antigen specificity [1].

Compared with the general population, the risk
of cardiovascular disease (CVD; including MI, stroke
and aneurysm formation) is two-fold to four-fold
higher among patients with AAV, thus exhibiting
enhanced cardiovascular mortality [3,7""]. Patients
with PR3 ANCA have a lower CVD risk than those
with MPO ANCAs [47]. This is based on the fact that
myeloperoxidase (a granule protein identified inside
human atherosclerotic lesions and expressed in leu-
cocytes) [49] has been implicated both in the initia-
tion and progression of atheromatosis [7"%,48].

Several studies, most of which concern GPA
[20%,50,51%] have shown increased common carotid
IMT (ccIMT) in AAV patients as compared with
controls [2,52], thus suggesting that AAV are associ-
ated with accelerated and frequently subclinical
atheromatosis that can not be explained by tradi-
tional risk factors. Furthermore, the raised levels of
high sensitivity C-reactive protein, MMPs and tissue
inhibitor of metalloproteinase (TIMP) suggest that
enhanced inflammation and excessive vascular
remodelling are contributing factors in the develop-
ment of accelerated atheromatosis in GPA [50].
Gonzélez-Suarez et al. [53"] in a study of 23 patients,
observed an association between carotid intima-
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media thickness and internal carotid artery pulsa-
tility index with small vessel cerebral disease point-
ing the possible use of carotid ultrasonography in
predicting microvascular brain injury. Studies with
a good number of MPO and EGPA patients were
not found.

Only few data are availiable concerning the
arterial stiffness as assessed by PWV measurement
and the atherogenic index in AAV. Two studies with
limited number of patients have shown increased
arterial stiffness, and that arterial stiffness correlates
with the degree of active inflammation in AAV
patients [54,55].

As far as other small vessel vasculitides (i.e.
purpura henoch schonlein and cryoglobulinemia
vasculitis) are concerned, no reliable data showing
accelerated atheromatosis and arteriosclerosis were
found.

Behcet’s disease is a chronic, relapsing, multisyste-
mic vasculitis involving both veins and arteries of
any size [56]. In adition to the classic triad (recurrent
apthous ulcers, genital ulcers, uveitis), pulmonary,
gastrointestinal, nervous and musculoskeletal man-
ifestations may be present [58""]. Cardiovascular
involvement (deep vein thrombosis, MI, arterial
aneurysm, arterial thrombus formation) [59], occurs
in 7-31% of patients and is associated with poor
prognosis and increased mortality in patients with
major vessel involvement [S6].

Histopathologically, Behcet’s disease is mainly
characterized by vasculitis, with prominent neutro-
phil and monocyte infiltration in the perivascular
regions with or without fibrin deposition in the
vessel wall. Endothelial dysfunction, the initial
lesion in atheromatosis, as well as the intermittent
inflammation, autoimmune mechanisms and drugs
are thought to account for the accelerated athero-
sclerosis in patients with Behcet’s disease [58]. Of
note, endothelial dysfunction in patients with Beh-
cet’s disease is modulated by the presence of corti-
costeroids and disease activity status. During disease
relapse, corticosteroids restore endothelial dysfunc-
tion but their prolonged administration in the
absence of active disease may be detrimental for
the endothelium [57].

Despite previous evidence demonstrating ath-
erosclerosis as not a prominent feature of Behcet’s
disease, even among patients with major organ
involvement [60], a recent meta-analysis of relevant
studies [61""] showed that cIMT is increased in
patients with Behcet’s disease compared with con-
trols. Similarly, the same meta-analysis showed that
carotid plaques are three times more prevelent in
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Table 2. Summary of data regarding the presence of accelerated atheromatosis and arteriosclerosis in primary systemic

vasculitides

Evidence of increased
incidence of

Evidence of accelerated Evidence of accelerated

cardiovascular events atherosclerosis arteriosclerosis
Takayasu arteritis ++[13,15] ++[16"%,19,20",21,22] +[15,23]
Giant cell arteritis ++ [24",25,26,31] ++ [27,28,29"] + [30%]
Polyarteritis nodosa +[32,33] O O
Kawasaki disease ++ [37,38] ++ [38,40"",41"",42" 43" ++ [37,44,45" 46"
ANCA-associated vasculitides® ++ [3,7™] + + [2,207,50,51%,52,53" + [54,55]
Henoch Schonlein O O O
Cryoglobulinemia vasculitis O 0 O
Behcet's disease ++ [56,59] +++ [61%%,62,63"%,64] ++ [58%,65""]

|, Lack of data; +, data derived from one or two singlecenter cohorts; +-, large number of evidence derived from multiple single-center cohorts; -+, evidence

based on meta-analysis, ANCA, antineutrophil cytoplasmic antibodies.
“The evidence concerns granulomatosis with polyangiitis.

patients with Behcet’s disease compared with the
control group, verifying the presence of accelerated
subclinical atheromatosis [58%,61""]. Another study
including 50 patients showed that Behcet’s disease
may be associated with subtle increased cIMT, sug-
gesting that it can be a predisposing factor for ath-
erosclerotic arterial disease [62]. Further more, Cure
et al. [63"] in a cross-sectional case-control study,
showed a strong positive correlation between ath-
erogenic index of plasma (AIP) and cIMT. These and
other results [64] suggest that accelerated subclinical
atherosclerosis might explain the presence of
increased cardiovascular events and mortality in
these patients.

Moreover, several studies showed increased arte-
rial stiffness, assessed by carotid to femoral PWV
[58™]. A study of 30 patients showed that PWV
measurement might be more useful than cIMT in
determination of vascular damage in Behcet’s dis-
ease, especially in early stage of disease duration
[65%].

Despite the fact that there are no international net-
works dedicated to the study of cardiovascular risk
factors, the role of PSV-drugs (e.g. corticosteroids)
and vascular properties in PSV, recent studies using
noninvasive techniques (cIMT and PWV) have dem-
onstrated accelerated atheromatosis and increased
arterial stiffening in these patients, thus suggesting
a potential role for the increased cardiovascular
events and associated mortality. Because of the lim-
ited number of PSV patients and the lack of prospec-
tive data and experience on vascular biomarkers by
most rheumatologists, many PSV, especially PAN
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and small vessel vasculitides, remain under-studied
(Table 2). The potential clinical value suggested by
the so-far-studied vascular biomarkers would allow
rheumatologists, implement optimal therapeutic
strategies in the clinical practice in order to reduce
the increased cardiovascular morbidity and mortal-
ity in PSV. This hypothesis prompts the need for
large prospective cohorts that will record cardiovas-
cular disease risk factors and apply the methods
discussed herein, as well as other noninvasive meth-
ods, in order to provide useful future guidance
regarding the evaluation and restratification of car-
diovascular risk, which should lead to optimization
of the prognosis and treatment of PSV patients.
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ABSTRACT

Non-Infectious Primary systemic vasculitides (NIPSV) encompass a subset of autoimmune diseases,
characterized mainly by intramural inflammation of the vascular wall. The increased mortality that
some exhibit is partially attributed to vascular complications involving both micro- and macro- cir-
culation. Beyond the disease specific pathways of vascular damage, emerging evidence suggest
that the classical pathways of arterial damage, namely, atheromatosis, inappropriate arterial remod-
eling and arteriosclerosis are accelerated in several NIPSV, thus participating in the development of
vascular complications in NIPSV patients. The aim of the current research protocol is to optimize
the understanding of vascular pathology in NIPSV and to identify useful, easy to measure, non-in-
vasive vascular tools for the diagnosis and follow-up of NIPSV patients. Moreover, the study aims to
generate hypothesis regarding the molecular basis of the association of inflammation with classical
vascular pathology.
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usually fatal disease.®** Nowadays, the causes of death
include cancer and infections due to chronic immune
activation and/or to immunosuppressive therapy.*® Vas-
cular complications (involving both micro- and macro-cir-
culation) are major sources of morbidity and mortality in
NIPSV. Microvascular complications are major causes of
premature deaths especially in small vessel vasculitides:
they affect predominantly the kidney (acute renal failure)
and the lung (pulmonary hemorrhage).® Macrovascu-
lar complications (e.g., coronary artery disease, stroke,
aneurysm formation and rupture) are major causes of
morbidity and mortality especially in medium and large
vessel vasculitides.®#® Lumen stenosis, occlusion or an-
eurysmal dilatation of blood vessels due to intramural
inflammation and necrosis represent the major vascular
pathology in NIPSV.® Mural fibrin deposition in arterioles
or venules, as well as angiocentric inflammatory cell in-
filtration are the hallmarks of biopsy-proven diagnosis.®
The early steps in the immunological process of vascular
damage in NIPSV cannot be considered to be uniform,
since various discrete mechanisms such as endothelial
activation and dysfunction, autoantibodies to endothelial
cell-surface antigens or neutrophil components and ab-
normal IgA tissue deposition are involved.®

Beyond the NIPSV specific pathways of vascular dam-
age, numerous evidence suggests that the classical
pathways of arterial damage, namely, atheromatosis
(i.e., atheromatic plaque formation), inappropriate arteri-
al remodeling (e.g., arterial hypertrophy / distention) and
arteriosclerosis (i.e., arterial stiffening), are accelerated,
thus participating in the development of micro- and mac-
ro-vascular complications in NIPSV.4"# In brief, the main
related mechanisms involve: () the primary intramural
vessel wall inflammation; (i) the secondary vessel wall
inflammation due to systemic inflammation; (i) NIPSV—
related drug treatment induced deleterious effects on the
vessel wall; and (iv) the effect of classical cardiovascular
disease risk factors.”

However, numerous unanswered questions exist due to
the limited number of NIPSV patients and methodological
limitations (lack of prospective data, often misused inter-
pretation of vascular biomarkers) that reduce the value of
many published studies. Strong data on the acceleration
of vascular damage (atheromatosis and increased arterial
stiffening) are currently present in Takayasu Arteritis, Ka-
wasaki Disease and Behcet’s Disease.® The association
of atheromatosis and arteriosclerosis with PN and small
vessel vasculitides remains the less established, so far.®
The actual contribution of classical vascular pathology in
the development of morbidity and mortality in NIPSV is
not known. The effect of anti-inflammatory drugs on the
function and structure of the large and small arteries has
been scarcely evaluated in NIPSV. The potential clinical
value of non-invasive vascular biomarkers such as carot-
id intimal-medial thickening and carotid-to-femoral pulse

wave velocity prompts the need for large prospective co-
horts in order to provide useful future guidance regarding
the prognosis and treatment of PSV patients.?

AIMS OF THE STUDY

Primary _aims: () to identify the frequency of vascular
damage, studied per pathology (atheromatosis, arterio-
sclerosis, remodeling) in the overall population, as well
as, per disease, and compare it to the corresponding fre-
quency of an age- and gender-matched control group; (ii)
to identify vascular phenotypes, i.e., patterns of vascu-
lar damage (micro- and macro- circulation) per disease
as well per vascular bed within each disease, as well
as differences between the diseases; (i) to quantify the
relative contribution of each one of the above proposed
mechanisms in the development of vascular damage in
NIPSV; (iv) to identify vascular biomarkers (e.g., as the
previously proposed “augmentation index”) that associ-
ate with disease activity in NIPSV; and (v) to study the
effect of anti-inflammatory treatment from disease onset
(or relapse) to complete remission and follow-up. To test
the previously described hypothesis of biphasic effect of
corticosteroids on the function and structure of the large
and small arteries.

Secondary aims: (i) to identify the prevalence of classical
cardiovascular diseases risk factors (hypertension, dys-
lipidemia, smoking, diabetes) in NIPSV, using state-of-
the-art methodology (e.g., out-of-office blood pressure
monitoring); (i) Explorative & hypothesis generating anal-
ysis: DNA and miRNA will be extracted to stored. NIPSV
considered as prototype of high grade vascular wall in-
flammation with extreme flares and periods of complete
remission, will be used as a model to perform exploratory
analysis leading to novel hypothesis regarding the molec-
ular pathogenesis vascular disease linked to inflamma-
tion. Future perspectives (in a separate 2nd phase study):
In a future follow-up study of the present cohort, we will
evaluate the prognostic value of these biomarkers to pre-
dict morbidity and mortality and to be used as valid bio-
markers to guide diagnosis and response to treatment.

METHODS

Prospective observational study; anticipated study dura-
tion (based on 6 month pilot study is calculated around
3 years (2018-2021); sample size: 200 (25 per disease
group atleast) patients and 400 age- and gender-matched
individuals without chronic inflammatory disease, NSIP
or history of neoplastic disease who will serve as con-
trols. Baseline and follow-up vascular evaluation of all the
participants will be performed in pre-defined visits on the
basis of disease activity, remission and relapse, as de-
fined by international guidelines per disease (Table 1).
Patients with any type of NIPSV - diagnosed on the basis
of classical international criteria per disease - fuffilling the
inclusion criteria will be recruited in one of the following 3
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Table 1: Study flow chart

Visit | Hospitalized | Duration A ic)paiten NIPSV-Related treatment idovs o v PET*/ B'Ooﬂ Biopsies
disease status treatment tests CT tests
Saics- Sll.lmn:lejgsi;/e
steroids PP
treatment
Active Disease T
(newly Naive or Steadly if X
0 yes 0 : steady for : X X X :
diagnosed or steady possible If possible
; months
disease relapse)
Still active 1-2 just after
disease (newly | IV highdose | 1-2 days Steady if 1 ;.
! yes < days diagnosed or | completion | after 1% dose possible X + X +
relapse) therapy
18t «Start» of Jigtbedore Steady if Steadly if
2 no o dose . . X X
month remission . possible possible
tapering
Tapering
completion g s
3 no 3“month|  Remission (start of Stea(.jy J Steacliy I X X
i possible possible
minimal dose
or no dose)
4 no 6"month|  Remission Steady Stea@y ; Steaqy . X X
possible possible
Legend

e Visit O for newly diagnosed patient (group A); visit 1 for disease relapse (group B); visit 3 for patient in steady disease
remission status for at least 3 months with steady drugs (group C).

e *PET/ CT will be performed at the Biomedical Research Foundation Academy of Athens (BRFAA) only for visits O or 1

and to verify complete disease remission (visit 4).

e **Renal function, metabolic profile, inflammation profile and disease specific test if need will be performed.

Serum from all visits will be stored anonymous at the biobank of cells and tissues of the Department of Pathophysiology
of Medical School of National & Kapodistrian University of Athens.

groups: Group A: consecutive newly diagnosed patient
with NIPSV; Group B: NIPSV with active relapse; Group
C: consecutive NIPSV patients in steady disease - remis-
sion status for at least 3 months with steady medication.
Age- and gender-matched individuals without any chron-
ic inflammatory disease and NIPSV will serve as control
group. Extensive vascular studies with high resolution ul-
trasound, oscillometry and tonometry will be performed
at the carotid bed, the femoral bed, the aorta, the upper
arm and lower limbs and retina in order to evaluate ath-
eromatosis, arteriosclerosis/elasticity, arterial remodeling
and hypertrophy endothelial function, wave reflections
and aortic hemodynamics, retinal geometry (Table 2) in
2 to 5 sequential visits within 6-9 months (visit 0, visit
1=1 week, visit 2= 1 month, visit 3= 3 months, visit 4 >
6 months) in each patient starting from disease onset/

relapse to complete remission. Anthropometric parame-
ters, dietary habits, lipids and other blood samples, DNA,
RNA, urine samples, tissues biopsies, PET/CT will be re-
corded in predefined visits.

Patients involved in the study are informed in detail and
give written consent. All data are collected under code
in anonymous electronic files, in which only researchers
have access, at the Cardiovascular Prevention & Re-
search Unit of the Department of Pathophysiology of
Medical School of National & Kapodistrian University of
Athens. Under the above particular circumstances, bi-
ological materials; blood serum, DNA, RNA and biopsy
tissues are collected and retained anonymous at the bio-
bank of cells and tissues of the Department of Patho-
physiology of Medical School of National & Kapodistrian
University of Athens. Ethical approval has been obtained
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Table 2. Assessment of macro- and micro-circulation.

biomarkers that will be assessed

ultrasound; GE Logic V5
ultrasound; GE Logic V5

resolution ultrasound; GE Logic V5

resolution ultrasound; GE Logic V5

Micrlife office BP - ABL
ultrasound; GE Logic V5

Logic V5

device

Macrocirculation - vascular bed, vascular-hemodynamic properties and non-invasive vascular

. Carotid to femoral pulse wave velocity (cfPWV) by pulse wave analysis (PWA
(elastic arteries arteriosclerosis); Sphygomocr device

. Carotid to radial PWV by PWA (muscular arteries arteriosclerosis); high resolution
. Carotid elasticity (elastic arteries arteriosclerosis) (right and left); high resolution
. Carotid artery wall to lumen ratio (arterial remodelling) (right and left); high
. Carotid artery intimal-medial thickness (IMT) (right and left)(arterial hypertrophy
[/ atheromatosis); high resolution ultrasound; GE Logic V5

. Carotid (common, bulb, internal; right and left) bed plaques (atheromatosis); high

. Femoral bed - plaques (atheromatosis); high resolution ultrasound; GE Logic V5
. Ankle-brachial index (atheromatosis and arteriosclerosis); oscillometric device;

. Brachial artery flow-mediated dilatation (endothealial function); high resolution
. Abdominal aorta and subclavian artery diameters; high resolution ultrasound; GE
. Aortic blood pressure, subendocardial viability index by PWA; Sphygomocr device

. Twenty-four hours ambulatory aortic stiffness, aortic blood pressure, brachial blood
pressure, cardiac oufput and total prepheral resistance monitoring; Mobilograph TEM

biomarkers that will be assessed

analysis (Imedos)

monitoring; Mobilograph IEM device

Microcirculation - vascular bed, vascular-hemodynamic properties and non-invasive vascular

. Retinal microcirculation by digital camera photography ( and dedicated software

. Pressure wave reflections (augmentation index) by PWA; Sphygomocr device
. Pressure wave reflections by twenty-four hourw ambulatory aortic hemodynamic

by the Bioethics and Ethics Committee of National and
Kapodistrian University of Athens.

Statistical analysis

Statistical analysis will be performed by SPSS v. 23.0
using appropriate test per hypothesis and populations.
The data will be analyzed and presented in the overall
population as well per disease and disease status, after
normal distribution control. Comparison of the outcome
variables (vascular indices) between and within groups
will be performed before and after adjusting for potential
confounders using independent multiple t-tests, ANOVA,

paired t-test, linear and logistic regression analysis, and
chi-square tests as appropriate. Receiver operator curve
analysis will be performed to identify ability of the out-
come variables to detect disease activity. Sensitivity and
mediation analysis will be performed.

ANTICIPATED BENEFITS:

- To optimize the understanding of vascular pathology in
NIPSV.

- To identify potential useful easy to measure non-inva-
sive vascular tools for diagnosis and follow-up of NIPSV
patients.
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- To generate hypothesis regarding the molecular basis

of association of inflammation with classical vascular
pathology (atheromatosis, arteriolosclerosis, arterial re-
modeling).
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REVIEW

URRENT

rer) Common and rare forms of vasculitis associated
with Sjogren’s syndrome

Ourania D. Argyropoulou and Athanasios G. Tzioufas

Purpose of review

Although uncommon, systemic vasculitis is one of the most severe extraglandular manifestations of primary
Sigren’s syndrome (pSS) accounting for the increased morbidity and mortality of the disease. This review
aims to describe major previous and recent reports regarding the clinical presentation, prognosis and
treatment of systemic vasculitis associated with pSS.

Recent findings

Both older and recent pSS cohort studies performed over the past several and recent years, have clearly
shown that cryoglobulinaemic vasculitis is the most frequent type of systemic vasculitis accompanying pSS.
Antineutrophil cytoplasmic antibody-associated, large and medium vessel vasculitis are described only in
sporadic cases. In addition to the overt clinical manifestations of cryoglobulinaemic vasculitis, type I
cryoglobulinaemia, glomerulonephritis and purpura have been correlated with increased risk for B-cell non-

Hodgkin lymphoma (NHL) in pSS.

Summary

pSS is characterized by autoreactive B and T-cell infiltrates around the epithelial structures of the affected
organs, as well as, B-cell hyperreactivity. The latter, is attested by the increased production of
autoantibodies, directed against many different organ and nonorgan self-antigens. Vasculitis is a significant
and potentially lifethreatening complication of the disease depending on the size, localization, histologic
type and the pathogenetic mechanisms of the inflammatory process. The potentially irreversible tissue
damage, as well as the increased risk for NHL development, prompts the need for early diagnosis and

treatment of cryoglobulinaemic vasculitis in pSS.

Keywords

cryoglobulinaemia, lymphomagenesis, Sjégren’s syndrome, systemic vasculitis

Primary Sjogren’s syndrome (pSS) is a rather common,
slowly progressive, systemic autoimmune disease,
affecting mainly middle-aged women. Although the
salivary and lacrimal glands are the primary targets of
the disease, virtually any organ system that has epi-
thelial structures can be affected. The precise pathoge-
netic mechanisms of the disease are still unknown, but
it appears that both arms of the immune response, the
innate and adaptive, are aberrantly activated. For the
initiation of the disease, the central player appears to
be the affected epithelial cell. Indeed, these cells
express inappropriately molecules that can break
the immune tolerance and initiate adaptive immune
responses, such as human leukocyte antigen class 11,
intracellular autoantigens and costimulatory mole-
cules; they are intrinsically activated, expressing func-
tional Toll-like receptors and producing several
cytokines and chemokines, able to create and restore
a local inflammatory response (autoimmune epithe-
litis). As the autoimmune response progresses, effector

1040-8711 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

mechanisms are developed. These mechanisms, that
are better understood today, are the major mediators
for the tissue injury and, eventually, the clinical man-
ifestations of the disease. Indeed, the two main auto-
immune phenomena, observed, when the patient is
for the first time seen by a physician are two: First, the
lymphocytic infiltration of the exocrine glands, con-
sisting predominantly of autoreactive CD4+ T lym-
phocytes and B lymphocytes. Second, the polyclonal
autoreactive B-cell hyperactivity, leading to germinal
center formation in 20-25% of patients and increased
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KEY POINTS

o B-cell lymphoproliferation and immune-complex
formation are playing a crucial role in vasculitic
development in pSS patients.

o Small vessel vasculitis is the most severe extraglandular
manifestation of pSS manifesting as a rash, peripheral
neuropathy or glomerulonephritis.

e Cryoglobulinaemic vasculitis is the most frequent
systemic vasculitis accompanying pSS, but ANCA-
associated, large and medium vessel vasculitis have
been also described in sporadic cases.

e Mixed cryoglobulinaemia, glomerulonephritis and
purpura in seropositive patients (antinuclear antibodies,
rheumatoid factor, anti-Ro/La) are associated with a
four-fold increased risk of developing Bcell NHL
and are considered as predictive factors of NHL
development.

production of autoantibodies against immunoglobu-
lins, cellular, nuclear and other antigens, as well as the
activation of type-I interferon pathways [1%2]. These
autoimmune aberrations generate the extraglandular
manifestations that are present in approximately 75%
of pSS patients and are currently classified as nonspe-
cific (arthralgias, arthritis, Raynaud’s phenomenon
and fatigue); periepithelial characterized by lympho-
cytic invasion of the epithelial tissues in parenchymal
organs such as kidneys (interstitial nephritis), lungs
(small airways disease) and liver (primary biliary cir-
rhosis like picture); and mediated by the deposition of
immune complexes due to overt B-cell hyperactivity
[3]. The latter include purpura, glomerulonephritis
and peripheral nerve involvement. Around 5% of
pSS patients may develop non-Hodgkin’s lymphoma
(NHL) [4].

In pSS patients, vasculitis is one of the most
clinically important extraglandular manifestations

taking many clinical forms. The size and localization
of the involved vessels in association with the
inflammatory process, account for the wide clinical
spectrum, that extends from limited cutaneous
lesions to life threatening systemic disease [5,7]
(Fig. 1). By far, the most common form of systemic
vasculitis in pSS is cryoglobulinaemic vasculitis.
Sporadic cases of other forms of vasculitis have also
been described [6-8]. The present review discusses
the clinical presentation of vasculitis in pSS.

Small vessels are the main venue of vasculitic
involvement in pSS. The clinical spectrum ranges
from local cutaneous disease to a multisystemic
disorder with increased morbidity and mortality,
especially if remains untreated. Cutaneous vasculitis
generally presents as palpable, as it is the case of
cryoglobulinaemic vasculitis, or nonpalpable pur-
pura, as it is observed in urticarial vasculitis. Non-
palpable hypergammaglobulinaemic purpura can
also be seen frequently, particularly in patients with
high levels of serum immunoglobulins, located pre-
dominantly in the lower limbs. Skin vasculitis is
associated with a higher prevalence of articular
and renal disease as well as immunologic features
[antinuclear antibodies (ANA), rheumatoid factor,
cryoglobulins and anti-Ro/SSA (Sjogren’s-syndrome
related antigen type A) positivity] [9]. The histopath-
ological examination of skin biopsies from pSS
patients with skin vasculitis reveals two different
small vessel vasculiti (SVV) patterns. The leukocyto-
clastic pattern is the most common and it is
characterized by polymorphonuclear infiltration,
neutrophil fragmentation, extravasation and fibri-
noid necrosis of the vessel wall. Unlike leukocyto-
clastic vasculitis, the lymphocytic pattern, is
characterized by a different inflammatory infiltrate
containing mainly lymphocytes, plasma cells and

Vasculitic manifestations
described in pSS
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histiocytes. The vascular wall is intact and the
picture is reminiscent of a chronic autoimmune
response [10,11].

Despite the fact that central nervous system
(CNS) involvement is extremely rare in pSS, inflam-
mation of small blood vessels has been hypothesized
as a potential mechanism that underlies CNS disease
in some cases, in the past. These patients usually
develop a multiple sclerosis-like syndrome with
compatible brain lesions, cranial nerve palsies and
myelitis due to inflammation of the spinal cord. It
should be noted, however, that cases like these
have not been described in recent cohort studies
of pSS patients.

Peripheral nervous system (PNS) can also be
affected. Distal sensorimotor, small or large fiber
sensory and autonomic neuropathy have been
described in patients with pSS. Vasculitic neuropa-
thy presents as multiple mononeuropathy and
accounts for about 1% of patients. Nerve biopsies
commonly reveal epineural vascular inflammation
with or without necrosis [12%,13™].

Anti-neutrophil cytoplasmic antibodies (ANCA)-
associated vasculitis (AAV) has been described in
sporadic cases of pSS. Guellec et al. in a recent over-
view of the literature described seven new and 15
previously published cases of coexisting pSS and
AAV. These are most commonly p-ANCA associated
vasculitis with anti-myeloperoxidase specificity, but
isolated c-ANCA, anti-proteinase 3 positive vasculitis
(Granulomatosis with Polyangiitis and Eosinophilic
Granulomatosis with Polyangiitis) were also
described. Glomerulonephritis, lung, skin and PNS
involvement were the most prominent, but CNS,
small bowel, muscle involvement, ear chondritis
and sinuses were also observed. In all cases, pSS
diagnosis preceded the clinical onset of AVV [14™].

Case report

A S56-year-old female with sicca manifestations and
recurrent episodes of parotid gland enlargement the
last 5 years, was admitted in the clinic for palpable
purpura of the lower limbs, myalgias and painful
numbness of the toes. Schirmer’s test and Rose
Bengal staining of the cornea were positive. Minor
salivary gland biopsy disclosed round cell infiltrates
with focus score 4. Immunologic and laboratory
tests revealed high titer of rheumatoid factor,
anti-Ro/SSA and anti-La/SSB (Sjogren’s syndrome
related antigen type B) autoantibodies, low C4 lev-
els, hypergammaglobulinemia and leukopenia. The
diagnosis of pSS was set. Subsequent laboratory
evaluation revealed high titer of cryoglobulins

1040-8711 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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(349.9mg/dl) and the immunofixation demon-
strated IgMk-1gG, type-II cryoglobulinemia. Nerve
conduction tests were performed and disclosed sen-
sory motor polyneuropathy. The patient was con-
sidered as having cryoglobulinaemic vasculitis in
the setting of pSS and was treated with steroids
and anti-CD20 B-cell depletion therapy with com-
plete resolution of her symptoms.

Among systemic autoimmune diseases, pSS is
ranking first in the prevalence of cryoglobulinaemic
vasculitis, that is a rare systemic vasculitis, associ-
ated with the presence of serum cryoglobulins (cry-
oglobulinemia), affecting around 1/100000 of the
general population. It has increased morbidity and
is more prevalent in the Mediterranean area. Cry-
oglobulins, are monoclonal immunoglobulins
(type-I) or immune complexes composed mainly
by either monoclonal or polyclonal IgM or IgA
immunoglobulins with rheumatoid factor activity
against polyclonal IgG (mixed type-II and III cryo-
globulins respectively). They display the character-
istic property to precipitate reversibly at
temperatures less than 37°C (Fig. 2a). Although
cryoglobulinaemia is considered as a prerequisite
of the disease, not all patients with cryoglobuline-
mia develop clinical manifestations, suggesting that
other factors are also involved in the precipitation of
cryoglobulins into the affected tissues. Several caus-
ative factors have been associated with cryoglobu-
linemia and cryoglobulinaemic vasculitis, including
infections [hepatitis C virus (HCV), HIV and hepati-
tis B virus], hematologic malignancies and auto-
immune diseases. The most common causes of
cryoglobulinaemic vasculitis are HCV infection
and pSS. A systematic study to address the preva-
lence of cryoglobulinaemic vasculitis in consecutive
patients with pSS does not exist, but cohort studies
suggest that it may occur in 5-10% of pSS patients.
Patients with cryoglobulinaemic vasculitis or cryo-
globulinemia are at high risk for B-cell origin lym-
phoproliferative disorders, implying that may serve
as predictors of lymphoma development and there-
fore these patients should be closely followed-up.
The pathogenetic mechanisms, mediating cryoglo-
bulinaemic vasculitis development are partially
understood. However, B cells appear to be a central
player, since they have been shown to clonally
expand and produce monoclonal IgM rheumatoid
factor that forms cold-precipitable immune
complexes responsible for vasculitis. These clonal
B cells display specific characteristics such as low
expression of CD21 and features of functional
exhaustion (CD19highCD11c+CD95+CD62Llow/
neg) [15,16",17]. For pSS, cryoglobulins are con-
sidered to rise following a chronic antigenic stimu-
lation due to either a yet unknown viral antigen or
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FIGURE 2. Cryoglobulins and cryoglobulinaemic membranoproliferative glomerulonephritis in primary Siégren’s syndrome.
(a) Serum cryoglobulins precipitated (arrowhead) after incubation at 4 °C for 7 days from a primary Sjégren’s syndrome
patient with cryoglobulinaemic vasculitis. (b) Cryoglobulinemic membranoproliferative glomerulonephritis in primary Siégren’s
syndrome. Expansion of the mesangial matrix and increased cellularity of the mesangium (arrowhead) in combination with
thickening and reduplication of the glomerular basement membrane producing the typical histologic picture of ‘double
contour’ or ‘tram tracking’ (arrow). (Hematoxylin and eosin x400) (Image kindly provided by Professor Lydia Nakopoulou,

First Department of Pathology, Medical School of Athens).

an autoantigen, whereas the production site of cry-
oglobulins appears to be in the inflamed salivary
epithelium [18]. Significantly, the association of
both HCV hepatitis and pSS with the development
of B-cell lymphomas, using similar immunoglobu-
lin VDJ (variable, diversity and joining) sequences
[19] further signifies that cryoglobulinaemic vascu-
litis and cryoglobulins are probably a common
mechanism, preceding lymphoma.
Cryoglobulinaemic vasculitis has a wide spec-
trum of clinical and laboratory features (Table 1).
The majority of cryoglobulinaemic vasculitis
patients in the setting of pSS complain of fatigue
(80-90%) but the presenting feature of this type of
vasculitis is palpable purpura (70-90%) usually at
the lower limbs, leaving a brownish pigmentation as
it resides. Large skin ulcers typically above the mal-
leoli, digital necrosis, lullae and livedo racemosa
may also occur. A distal painful sensory or sensori-
motor polyneuropathy due to vasculitis of the vasa
nervosum is the most frequent neurologic manifes-
tation of the disease (60-70%). Axonopathy and
mononeuritis multiplex have been also described
[12%,20]. Renal disease occurs in 20-35% of cryoglo-
bulinaemic vasculitis patients and ranges from
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asymptomatic to acute renal failure. Proteinuria is
the most common clinical expression with mem-
branoproliferative glomerulonephritis (Fig. 2b) pre-
senting subendothelial deposits of cryoglobulins
being the most common histological finding
(80%) [21]. Type-II cryoglobulinaemia as well as
high serum cryoglobulin concentration have been
proposed as risk factors for renal disease indepen-
dently to vasculitic involvement [22%].

MEDIUM VESSEL VASCULITIS

Unlike SVV, inflammation of medium vessels is very
infrequent in pSS occurring in less than 5% of
Sjogren’s syndrome patients with vasculitic involve-
ment and, thus, only a few case reports were found
in the literature. Acute necrotizing vasculitis resem-
bling polyarteritis nodosa (PAN) in pSS patients was
first described by Tsokos et al. in 1987. The disease
was predominantly localized in internal organs and
associated with life-threatening symptoms. Histo-
logically, the vascular wall exhibited heavy infiltra-
tion with acute and to a lesser degree, with chronic
inflammatory cells. Fibrinoid necrosis was present,
but the patients lacked the characteristic
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Table 1. Organ involvement and laboratory findings
related to cryoglobulinaemic vasculitis in primary Sjsgren’s
syndrome patients

Clinical manifestations

ConstitutionalGlandular
Fatigue
Fever
Dry eyes
Dry mouth
Dyspareunia
Lymphadenopathy
Parotid gland enlargement
Cutaneous
Purpura
Necrosis
Ulcers
Livedo reticularis
Raynaud’s phenomenon
Musculoskeletal
Arthralgias/myalgias

Arthritis (symmetric nondeforming, knees and hands >elbows,
ankles)

Peripheral neuropathy
Distal sensory or sensorimotor polyneuropathy
Axonopathy
Mononeuritis multiplex
CNS involvement
Multiple sclerosis-like syndrome
Cranial nerve involvement
Myelitis
Renal involvement

Glomerulonephritis (mesangial, membranoproliferative or
membranous)

Proteinuria
Microscopic hematuria
Gastrointestinal
Lymphoma
Laboratory findings
ANA
Autoantibodies to Ro/La ribonucleoproteins
RF
Cryoglobulins (mixed IgMk)
low C4
Hypergammaglobulinaemia
Leukopenia

ANA, antinuclear antibodies; CNS, central nervous system; RF, rheumatoid factor.

aneurysmal formation [11*]. Similarly, another
group found that two of 52 pSS patients had vascu-
litis of medium sized arteries. One had coexistent
PAN and one necrotizing vasculitis of the pancreatic
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and mesenteric arteries [9]. Another form of vascu-
litic involvement seen in Sjogren’s syndrome is
endarteritis obliterans, a noninflammatory obstruc-
tive vasculitis affecting medium-sized vessels. This
condition presents with fibrous thickening of the
intima, leading to variable lumen stenosis with
recanalization and thus, impairment of blood flow,
causing ischemia/infarction of the dependent tis-
sues. Residual mononuclear cells may be seen in the
adventitia suggesting that this type of vasculitis may
in fact represent the healing stage of preexisting
acute vasculitis [11%%].

Large vessel vasculitis (LVV) represents a heteroge-
neous group of rare diseases characterized by intra-
mural inflammation of the aorta, its major branches
and extremity arteries. So far, data suggest that the
inflammatory invasion, stimulated by an unknown
trigger, commences from the adventitia at the level
of vasa vasorum and progresses to the intima leading
to segmental stenosis, occlusion and aneurysm for-
mation [23]. Several molecular mechanisms, also
involved in the pathogenesis of Sjogren’s syndrome,
including matrix metalloproteinase activation, c-
Jun N-terminal kinase, nuclear factor kappa-light-
chain-enhancer of activated B cells and transform-
ing growth factor beta signaling pathways are impli-
cated in the initiation and progression of aortic
aneurysms and aortic dissection [24]. Significantly,
while LVVs are mainly regarded as T-cell mediated
diseases, the immunohistochemical analysis of aor-
tic tissue samples of LVV patients, who underwent
aortic aneurysm surgery, revealed massive B-cell
infiltrates organized into ectopic germinal centers,
within the affected arterial wall [25]. In pSS
patients, LVV is rare and only a few cases have been
reported in the literature. The first case of inflam-
matory abdominal aortic aneurysm in pSS patient
with positive anti-Ro and anti-La autoantibodies
was reported by Ghinoi et al. [26], whereas more
recently Heper et al. [27] described a case of sero-
negative pSS patient with pleural and pericardial
effusions, ascites and ascending aortic aneurysm
with increased uptake of 18-Fluorodeoxyglucose
(FDG) in FDG-PET. A recent retrospective cohort
study of 10941 Chinese Sjogren’s syndrome patients
showed that Sjogren’s syndrome patients exhibit
not only increased prevalence of cardiovascular risk
factors, including hypertension, hypertriglyceride-
mia and early atheromatosis as previously shown
[28], but also increased risk of aortic aneurysm
and aortic dissection [29""]. This clinical observation
has not been described in non-Asian patients
with pSS, and remains an open question, that can
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be addressed using noninvasive methods of vascular
inflammation, including vascular ultrasound or
PET-FDG [23]. The common signaling pathways
and the emerging role of B cell hyperreactivity in
aortic aneurysms, could suggest that chronic aortitis
might be a manifestation of a systemic autoimmune
process rather than an aberrant local reaction to
atherosclerosis. Cerebral LVV has also been
described in strongly anti-Ro and anti-La positive
pSS patients, but an etiologic linkage between the
two diseases cannot be supported yet [30].

GEMESS Study Group examined the clinical features
in 1010 Spanish pSS patients and found that
increased frequency of vasculitis was associated with
younger age (disease onset <35 years), long-term
(>10 years) duration, as well as positive ANA, rheu-
matoid factor and anti-Ro/La [31]. Type-II cryoglo-
bulinaemia is present in approximately 5-20% of
pSS patients and has been associated with high
prevalence of extraglandular disease, increased lev-
els of rheumatoid factor, anti-Ro/SSA and low serum
C4 [32%]. Tzioufas et al. [33"] were the first to dem-
onstrate that mixed monoclonal cryoglobulinaemia
is a predictive factor for lymphoma development.
Three years later Voulgarelis et al. found that NHL
patients exhibit increased prevalence of skin vascu-
litis (11%). Most of these patients had increased
levels of rheumatoid factor and cryoglobulins and
low C4 serum levels [34]. Cryoglobulinaemic vascu-
litis is a major factor of increased morbidity in pSS.
Despite the fact that most patients experience a
slowly progressive and benign course, 35% present
with moderate to severe disease course involving
internal organs. The 10-year survival rate in mixed
cryoglobulinaemic vasculitis is 56%. The worse
prognosis is conferred by glomerulonephritis espe-
cially in older aged (>60 years), male patients.
Higher serum creatinine levels and increased
proteinuria at cryoglobulinaemic vasculitis diagno-
sis predispose to Kkidney failure and death
[16%%,35%,36]. The correlation between cryoglobuli-
naemic vasculitis and lymphoma development that
has been discussed above, has an additive effect in
the mortality of pSS and cryoglobulinaemic vasculi-
tis patients. Symptomatic lymphomas are reported
in 5-20% of cryoglobulinaemic vasculitis patients
within 10 years of diagnosis, with B-cell lymphomas
of the mucosa associated lymphoid tissue type being
the most common. Immunosuppression due to
chronic immunosuppressive therapy accounts for
serious infections, but this constitutes a less fre-
quent cause of death in these patients [37,38%,39].
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As previously reported systemic vasculitis is a poten-
tially life threatening disease especially, if remains
untreated. For immune-complex mediated systemic
vasculitis (AAV and cryoglobulinaemic vasculitis)
corticosteroids are the gold-standard of initial man-
agement especially in patients with severe multi-
organ involvement. Steroids should be tapered
quickly and there is no rule for chronic therapy.
Other immunosuppressive agents including cyclo-
phosphamide, azathioprine and methotrexate
are also used as induction or maintenance therapy
especially in patients with renal or PNS involvement
with variable response. It should be noted,
however, that chronic exposure of patients with
pSS to alkylating agents may increase the potency
of lymphomagenesis.

Anti-CD20 treatment (Rituximab), targeting B
cells, has shown a very good efficacy in treating
mixed cryoglobulinaemic vasculitis (aiming to limit
the production of cryoglobulins) and AAV and
should be considered in all patients with severe to
moderate disease [16™,20,40,41]. In patients with
hyperviscosity syndrome due to increased concen-
tration of cryoglobulins, as well as rapidly glomeru-
lonephritis (mainly seen in AAV) plasma exchange
can serve as an additional therapeutic option
[42,43]. Potential therapies for refractory cryoglobu-
linaemic vasculitis cases are mycophenolate mofetil
and belimumab while tumor necrosis factor (TNF)
inhibitors have been proved ineffective [44]. Colchi-
cine has been reported to have favorable effect on
purpura and leg ulcers [45]. High dose of steroids are
the cornerstone of LVV therapy. Methotrexate,
mycophenolate mofetil, azathioprine and hydroxy-
chloroquine have been used as steroid sparing
agents. For refractory disease, steroid dependent
or resistant cases the anti-IL6R biologic agent
(Tocilizumab) is recommended as an effective alter-
native. Anti-TNF agents can be also considered
in recalcitrant disease despite the conventional
therapy [46""].

Vasculitis is a severe extraglandular manifestation of
pSS contributing to the increased morbidity and
mortality of the disease. Mixed cryoglobulinaemia,
glomerulonephritis and purpura are associated with
a four-fold increased risk of NHL development. The
properties of the disease can serve as an excellent
model to get further insights into the pathogenetic
mechanisms underlying, autoreactive B cells,

Volume 32 o Number 1 e January 2020

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

189



autoantibody production and the transition from
benign B-cell polyclonality to malignant lym-
phoma. Further studies aiming to characterize B
cells and mechanisms mediating their activation/
differentiation/transition; discover and validate bio-
markers predicting the development of cryoglobu-
linaemic vasculitis; and the harmonization and
stratification of cryoglobulinaemic vasculitis
patients, are anticipated to provide relevant insights
into autoimmunity and hematologic malignancies
and reveal novel therapeutic targets.
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ARTICLE INFO ABSTRACT

Keywords: Objective: To describe the clinical spectrum of cryoglobulinemic vasculitis (CV) in primary Sjogren’s syndrome

Cryoglobulinemia (pSS), investigate its relation to lymphoma and identify the differences with hepatitis C virus (HCV) related CV.

Yﬁ?culitis Methods: From a multicentre study population of consecutive pSS patients, those who had been evaluated for

ls_llgglf?f} S iyndrome cryoglobulins and fulfilled the 2011 classification criteria for CV were identified retrospectively. pSS-CV patients
infection

were matched with pSS patients without cryoglobulins (1:2) and HCV-CV patients (1:1). Clinical, laboratory and
outcome features were analyzed. A data driven logistic regression model was applied for pSS-CV patients and
their pSS cryoglobulin negative controls to identify independent features associated with lymphoma.
Results: 1083 pSS patients were tested for cryoglobulins. 115 (10.6%) had cryoglobulinemia and 71 (6.5%) ful-
filled the classification criteria for CV. pSS-CV patients had higher frequency of extraglandular manifestations
and lymphoma (OR=9.87, 95% CI: 4.7—20.9) compared to pSS patients without cryoglobulins. Purpura was
the commonest vasculitic manifestation (90%), presenting at disease onset in 39% of patients. One third of
pSS-CV patients developed B-cell lymphoma within the first 5 years of CV course, with cryoglobulinemia
being the strongest independent lymphoma associated feature. Compared to HCV-CV patients, pSS-CV indi-
viduals displayed more frequently lymphadenopathy, type Il IgMk cryoglobulins and lymphoma (OR = 6.12,
95% Cl: 2.7—-14.4) and less frequently C4 hypocomplementemia and peripheral neuropathy.
Conclusion: pSS-CV has a severe clinical course, overshadowing the typical clinical manifestations of pSS and
higher risk for early lymphoma development compared to HCV related CV. Though infrequent, pSS-CV con-
stitutes a distinct severe clinical phenotype of pSS.
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Introduction

Cryoglobulinemic vasculitis (CV) is a life threatening immune com-
plex mediated small vessel vasculitis, involving primarily the skin, kid-
neys, and peripheral nerves, leading to end stage organ/tissue damage,
if untreated [1,2]. It can be of infectious origin, with hepatitis C virus
(HCV) infection being the most common cause, or associated with
autoimmune diseases where the most frequent underlying condition
is primary Sjogren’s syndrome (pSS). As new, effective therapeutic
modalities for the management of HCV infection keep emerging, pSS
will soon become the leading cause of CV [2,3]. CV is associated with
the presence of serum cryoglobulins of which, type II containing an
IgMx monoclonal rheumatoid factor (mRF) predominate in pSS, while
both type II and III are detected in HCV and other autoimmune dis-
eases. Previous studies have clearly shown that type II cryoglobuline-
mia in pSS is associated with more systemic manifestations, mainly
vasculitis [4], and higher risk for future lymphoma development [5].
Thus, cryoglobulinemia is at the crossroad of the two most serious
complications of pSS, that is, systemic vasculitis and B-cell non- Hodg-
kin’s lymphoma (NHL). With the advent of new treatments, targeting
successfully B-cells and NHL [6], the investigation and mapping of the
clinical spectrum of pSS-CV may provide a concise strategic plan for
early diagnosis and treatment for this subset of pSS. To this end, older
studies have described the clinical picture of pSS patients in associa-
tion with cryoglobulinemia [7-9], while after the introduction of CV
criteria [10,11] some studies have focused on CV [12-16]. However,
even after the application of CV classification criteria, the clinical pic-
ture of pSS-CV is still obscured due to the fact that many of the previ-
ous studies have a small number of pSS patients.

Herein, we present the clinical phenotype of CV in an integrated
study population of Greek-Italian pSS patients, investigate the possi-
ble role of CV and cryoglobulinemia in NHL development in pSS and
compare the clinical manifestations of pSS-CV with HCV-CV.

Patients and methods
Study design

This is a retrospective, matched case-control study in a multicen-
ter population of consecutive pSS patients who fulfilled the
2016 ACR/EULAR classification criteria [17] and were followed up
from May 1984 until March 2019, in 5 centers from Greece and Italy
(University of Udine, Pisa, Athens, Harokopio, Ioannina) (UPAHI
group). The study was approved by the local ethical committees of all
the Institutions involved, after obtaining patients’ informed consent
and in compliance to general data protection regulations (GDPR).
One thousand eighty-three patients had been evaluated for serum
cryoglobulins and 71 of them fulfilled the 2011 classification criteria
for CV [10]. Cryoglobulins were evaluated after blood collection,
quantitation, immunodiffusion and immunofixation, as described
previously [4]. All pSS patients were HCV-RNA negative. The cumula-
tive clinical, laboratory and histologic data of pSS-CV patients were
compared with two control groups: a) pSS patients, repeatedly nega-
tive for serum cryoglobulins, matched (1:2 ratio) according to gender,
age at pSS onset and disease duration from pSS onset and b) patients
with HCV related CV, being RNA positive at CV diagnosis and without
any associated autoimmune rheumatic disease, matched (1:1)
according to age and gender. All patients with HCV related CV were
diagnosed, treated and followed-up at the Infectious Disease Unit,
Department of Clinical and Biomedical Sciences Hospita L. Sacco,
Milan, Italy. In addition, pSS cryoglobulin-positive patients who did
not fulfill the 2011 CV classification criteria, were compared with a
pSS cryoglobulin negative control group, matched (1:2 ratio) accord-
ing to gender, age and disease duration from pSS onset. All the labo-
ratory, objective tests or minor salivary gland biopsy of pSS patients,
were performed in the context of standard of care, according to

physicians’ judgment. pSS onset was defined as the year when the
patient recalled the first disease related manifestation, such as Ray-
naud’'s phenomenon, arthritis, sicca symptoms, salivary gland
enlargement or purpura. CV onset was defined as the time point of
the appearance of the first CV related manifestation, according to the
2011 classification criteria. Groups were compared on the basis of
cumulative clinical (dry mouth, dry eyes, salivary gland enlargement,
Raynaud's phenomenon, lymphadenopathy, arthralgia/myalgia,
arthritis, palpable purpura, liver involvement, kidney involvement,
central and peripheral nervous system involvement, lymphoma), lab-
oratory (anti Ro/SSA antibodies, anti La/SSB antibodies, rheumatoid
factor, cryoglobulinemia, low serum C4 complement levels, monoclo-
nal gammopathy) and histologic (focus score, germinal centers) fea-
tures. Systemic organ involvement was based on the ESSDAI
definitions and/or biopsy specimens [18]. Fatigue, dryness and pain
were assessed as defined by the ESSPRI [19]. Since different pathoge-
netic mechanisms are operating in glandular and extraglandular
manifestations of pSS, they have been classified as glandular (dry
mouth, dry eyes, salivary gland swelling), non-specific manifestations
(fatigue, arthralgia/myalgia, arthritis, Raynaud’'s phenomenon),
peri-epithelial (interstitial nephritis, primary biliary cholangitis, small
airways disease), immune complex mediated (extra-epithelial) (pur-
pura, skin ulcers, glomerulonephritis, vasculitic involvement of
peripheral and/or central nervous system) and NHL [20].

Statistical and data driven analysis

Statistical analysis for categorical data was performed by x2 test
with Yates correction or Fisher exact when cell counts <5 patients and
for numerical data t-test or Mann-Whitney, after Shapiro-Wilk nor-
mality test. In order to handle the multiple comparison testing, p-val-
ues have been also adjusted with Bonferroni correction. The Fast-
Correlation based feature selection (FCBF) algorithm was applied on
the dataset of pSS-CV patients and their pSS cryoglobulin negative con-
trols, to identify potentially independent variables associated with
lymphoma [21]. The FCBF preselection algorithm is a correlation based
tool identifying, among several potentially independent variables,
those with the weakest association amongst them and the strongest
correlation with the outcome of interest that is NHL. Subsequently, the
strongest preselected group of the FCBC derived potentially indepen-
dent variables, has been used for constructing a binary multivariable
logistic regression model to identify independent variables/features
associated with lymphoma. The implementation of the FCBF-based
multivariable logistic regression approach along with the statistical
analysis was performed using Python 3.6 and GraphPad 7.0a.

Based on the post hoc sample size and study power calculation
conducted according to the Fleiss method, assuming 90% study power
and 95% two-sided levels of confidence, the present study sample
size could detect an effect size (Odds Ratio) of 5.00 between patient
groups (Epilnfo, CDC, Atlanta, Georgia, USA).

Results
Patient characteristics

Serum cryoglobulins were detected in 115/1083 patients (10.6%)
of whom 71 (61.7%) fulfilled the 2011 CV classification criteria, while
44 (38.3%) had pSS with cryoglobulinemia but did not meet the CV
criteria. Early (< 35 years) pSS onset had 19.7% (n = 14/71) of pSS-CV
patients, while 12.7% (n = 9/71) had late (> 65 years) pSS onset.
Among pSS-CV patients, 97% were females (n = 69/71) and 3% males
(n=2/71). The median age of pSS-CV patients, calculated at pSS onset,
was 50 years (range: 21-75). The median duration from pSS onset in
pSS-CV patients was 16 years (range: 0—-37). None of the pSS or RNA-
HCV positive control patients fulfilled criteria for another systemic
autoimmune disease. pSS cryoglobulin positive patients without
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vasculitis were also predominantly females [95.5%, (n = 42/44) vs
4.5%, (n = 2[44)] with a median age at pSS onset of 50 years (range:
11-79) and median disease duration from pSS onset of 13 years
(range: 0-42).

The clinical phenotype of pSS-cryoglobulin positive patients with and
without CV

The clinical picture of 71 pSS-CV patients was compared with that
of 141 pSS cryoglobulin negative matched control patients. pSS-CV
patients exhibited higher frequency of fatigue (59.2% vs 43%,
p = 0.041, OR = 1.92, 95% CI: 1.08-3.52), Raynaud’s phenomenon
(47.9% vs 32.6%, p = 0.044, OR = 1.89, 95% CI: 1.06-3.39), salivary
gland enlargement (53.6% vs 33.3%, p = 0.007, OR = 2.31, 95% CI:
1.29-4.21) and interstitial renal disease (10% vs 1.5%, p = 0.007,
OR =7.55,95% CI: 1.59—-36.4), compared to pSS-cryoglobulin negative
patients respectively. No difference was found in sicca manifestations
between the 2 groups. As anticipated, pSS-CV patients had increased
prevalence of extra-epithelial manifestations of a vasculitic origin,
including purpura (90.1% vs 14.9%, p < 0.0001, OR = 52.24, 95% ClI:
21.43-125.4), vasculitic ulcers (12.7% vs 0.71%, p < 0.001, OR = 20.32,

Table 1

95% ClI: 3.17—-224.4), peripheral nervous system vasculitic involve-
ment (25.4% vs 1.5%, p < 0.0001, OR = 21.74, 95% CI: 5.12-96.01), glo-
merulonephritis, mainly of membranoproliferative type, (11.4% vs
0.71%, p < 0.001, OR = 18.06, 95% CI: 2.64—201.8) and lymphadenop-
athy (31% vs 7.1%, p < 0.001, OR = 5.88, 95% CI: 2.63—12.99). NHL,
mainly of MALT type, was more frequent in the pSS-CV group (47.9%
vs 8.5%, p < 0.0001, OR = 9.87, 95% ClI: 4.7—-20.9). Minor salivary gland
biopsies of pSS-CV patients displayed a higher proportion of germinal
centers (35% vs 11.3%, p = 0.043, OR = 4.21, 95% Cl: 1.20-13.45)and a
higher focus score [median: 2.05 (range: 0—9) vs 1.45 (range: 0-7)]
compared to pSS cryoglobulin negative controls. The laboratory anal-
ysis disclosed that almost all pSS-CV patients had positive rheuma-
toid factor (95.7% vs 61.3, p < 0.0001, OR = 14.09, 95% CI:
4.58-44.33) as well as low C4 complement levels (88.6% vs 31.5,
p < 0.0001, OR = 16.82, 95% CI: 7.47—-35.57). Monoclonal gammop-
athy was also more prevalent in the pSS-CV group (45.5% vs 7.6%,
p < 0.0001, OR = 10.17, 95% CI: 4.41-22.17). The presence of anti-Ro/
SSA and anti-La/SSB autoantibodies was comparable between the
two groups. A more detailed comparison of the clinical, laboratory,
serological and histologic features between the 2 groups are pre-
sented in Table 1. After applying Bonferroni correction, fatigue,

Comparison of clinical, laboratory and histologic features between pSS-CV and pSS patients with neg-

ative serum cryoglobulins.

pSS-CV pSS-Cryo negative ~ P-value P-value*
Number of patients 71 141
Gender (female%)(n) 97.2(69/71) 96.5(136/141) 1 1
Disease duration 16 (range: 0—36) 15 (range: 0—-34) 0.720 1
( from SS onset _years)
Media age (years) 50 (range: 21-75) 50 (range: 20—77) 0.887 1
Clinical Features% (n)
Dry mouth 97.2 (69/71) 93.6(132/141) 0342 1
Dry eyes 98.6 (70/71) 92.9(131/141) 0.104 1
SGE 53.6 (37/69) 33.3(47/141) 0.007 0.252
Lymphadenopathy 31(22/71) 7.1(10/141) <0.0001 <0.001
Fatigue 59.2 (42/71) 43(55/128) 0.041 1
Arthralgia/myalgia 71.8(51/71) 63.8(90/141) 0312 1
Arthritis 25.7 (18/70) 18.3(23/126) 0.295 1
Myositis 0(0/71) 1.4(2/141) 0.552 1
Raynaud's phenomenon 47.9 (34/71) 32.6(46/141) 0.044 1
Purpura 90.1 (64/71) 14.9(21/141) <0.0001 <0.0001
Vasculitic ulcer 12.7 (9/71) 0.71(1/141) <0.001 0.009
PNS 25.4(18/71) 1.5(2/130) <0.0001 <0.0001
CNS 2.8(2/71) 2.3(3/129) 1 1
Liver
Sclerosing Cholangitis 0(0/71) 0(0/141) 1 1
AlH 1.4(1/71) 1.4(2/141) 1 1
PBC 1.4(1/71) 2.8(4/141) 0.666 1
Lung
ILD 8.6 (6/70) 6.8(9/133) 0.853 1
Small airways disease 13(7/54) 6.6 (8/121) 0.273 1
Kidney
Interstitial renal disease 10(7/70) 1.5(2/138) 0.007 1
Glomerulonephritis 11.4(8/70) 0.71(1/141) <0.001 0.026
Splenomegaly 2.8(2/71) 10.8 (8/74) 0.260 1
Lymphoma 47.9(34/71) 8.5(12/141) <0.0001  <0.0001
Biological features% (n)
Focus score (median) 2.05(34/71) 1.42(78/141) 0.025 09
Germinal centers 35(7/20) 11.3(6/53) 0.043 1
Anti-Ro 90 (63/70) 85(119/140) 0.429 1
Anti-La 60(42/70) 46(64/139) 0.078 1
Anti-Ro/La 88.4(61/69) 83.6(117/140) 0472 1
RF 95.7 (67/70) 61.3(84/137) <0.0001 <0.0001
Low C4 88.6 (62/70) 31.5(41/130) <0.0001  <0.0001
Hypergammaglobulinemia ~ 69.7 (46/66) 56.9(74/130) 0.114 1
Monoclonal gammopathy 45.5(30/66) 7.6(10/132) <0.0001 <0.0001
Leukopenia 17.4(12/69) 10 (14/140) 0.193 1
Thrombocytopenia 3(2/67) 2.2(3/134) 1 1

Cryo: cryoglobulinemia, SGE: salivary gland enlargement, PNS: peripheral nervous system, CNS: cen-
tral nervous system, AIH: autoimmune hepatitis, PBC: primary biliary cirrhosis, ILD: interstitial lung

disease, RF: rheumatoid factor.
*: Bonferroni adjusted p-value.
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Raynaud’s phenomenon, salivary gland enlargement, interstitial renal
disease, focus score and germinal centers were found with no statisti-
cally significant difference between the 2 groups (Table 1).

The FCBF algorithm, that constitutes the data driven analytic
approach, performed analysis of 36 features/variables and disclosed 8
strong potentially independent variables [lymphadenopathy, cryo-
globulinemia, positive rheumatoid factor (RF), salivary gland enlarge-
ment (SGE), dry mouth, arthritis, CNS involvement and lung-
bronchocentric involvement accounting for small airways disease].
Narrowing of the analysis, using a combined FCBF/multivariable
logistic regression model, showed that lymphadenopathy, cryoglobu-
linemia and positive RF are independent lymphoma associated fea-
tures (supplementary Table 1). The performance of the model
disclosed 70.6% sensitivity, 94.7% specificity and 84.5% accuracy area
under the curve (AUC = 85.5%), after a 10-fold cross validation
approach (supplementary Figure 1).

The most common presenting manifestations, according to the
2011 CV classification criteria, of pSS-CV patients were arthralgia/
myalgia (49%), followed by arthritis (43.7%) and purpura (39.1%)
(Fig. 1A). More than half of the patients (58.2%) with CV developed
the first CV specific manifestation within the first year of pSS onset
(Fig. 1B). In one third of pSS-CV patients (33.3%), lymphoma was
observed within 5 years of CV onset, while in 13.3% of them, the
appearance of lymphoma was a late sequel (>15 years of CV dura-
tion) (Fig. 1C).
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1A) Most common presenting clinical manifestations of CV after
applying the 2011 CV classification criteria, 1B) Chronological presen-
tation of first CV related manifestation after pSS onset, 1C) Time dis-
tribution of lymphoma development during the course of CV.

The comparison between pSS cryoglobulin positive patients with-
out CV and pSS cryoglobulin negative controls is presented in Table 2.
The pSS cryoglobulin positive group without CV, had a higher fre-
quency of monoclonal gammopathy (22% vs 7.3%, p = 0.040,
OR = 3.56, 95% CI: 1.16—11.16) and NHL (29.5% VS 5.9%, P<0.001,
OR = 6.26, 95% CI: 2.13-17.67). Data regarding lymphoma and type
of cryoglobulins were available in 27 of 44 pSS cryoglobulin positive
patients without CV. Type II cryoglobulinemia, containing an IgM«
monoclonal RF, was present in 87.5% (n = 7/8) of pSS patients with
lymphoma and 47.3% (n = 9/19) in those without, while type III cryo-
globulinemia was more prevalent in non-lymphoma (52.7%, n = 10/
19) compared to lymphoma (12.5%, n = 1/8) pSS patients. After Bon-
ferroni adjustment, monoclonal gammopathy was found with no sta-
tistically significant difference between the 2 groups (Table 2).

Overall, the 71 pSS-CV patients with either mild/non-specific or
serious manifestations were treated as follows: corticosteroids (CS)
86%, hydroxychloroquine (HCQ) 80.3%, azathioprine (AZA) 21.1%,
methotrexate (MTX) 22.5%, cyclophosphamide (CyC) 8.5%, rituximab
(RTX) 18.3% and plasmapheresis 7%. Notably, pSS-CV patients with-
out lymphoma received more frequently AZA, MTX and CyC com-
pared to those with lymphoma (32.4% vs 8.8%, 27% vs 17.6% and
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Fig. 1. The clinical course of pSS-CV patients.
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Table 2

Clinical, laboratory and histologic features of cryoglobulin positive pSS patients without CV compared to pSS cryoglobulin

negative patients.

pSS-Cryo without CV pSS-Cryo negative ~ P-value  P-value*

Number of patients 44 84
Gender (female )% (n) 95.5 (42/44) 95.2 (80/84) 0.700 1
Median age (years) 50 (range:11-79) 51 0.695 1
Median disease duration (from SS onset _years) 13 (range:0-42) 115 0.628 1
Clinical features% (n)
Dry mouth 95.5 (42/44) 95.2 (80/84) 1 1
Dry eyes 97.7 (43/44) 95.2 (80/84) 0.659 1
SGE 48.8(21/43) 29.8(25/84) 0.054 1
Lymphadenopathy 13.6(6/44) 6(5/84) 0.253 1
Fatigue 36.8(14/38) 43.6 (37/80) 0.444 1
Arthralgia/myalgia 56.8 (25/44) 53.6 (45/84) 0.870 1
Arthritis 10.8 (4/38) 8.9(7/79) 0.746 1
Myositis 0(0/44) 0(0/84) 1 1
Raynaud's phenomenon 38.6(17/44) 28.6 (24/84) 0.337 1
Purpura 6.8 (3/44) 15.5 (13/84) 0.253 1
Vasculitic ulcer 23(1/44) 1.2(1/84) 1 1
PNS 45 (2/44) 3.6(3/82) 1 1
CNS 2.3(1/44) 24(2/82) 1 1
Liver
Sclerosing Cholangitis 0(0/44) 2.4(2/784) 0.545 1
AH 0(0/44) 0(0/84) 1 1
PBC 0(0/42) 3.6 (3/84) 0.550 1
Lung
ILD 9.1 (4/44) 49 (4/81) 0.450 1
Small airways disease 0(0/40) 6.5(5/77) 0.163 1
Kidney
Interstitial renal disease 4.5 (2/44) 1.2(1/83) 0.275 1
Glomerulonephritis 2.3(1/44) 1.2(1/83) 1 1
Splenomegaly 0(0/44) 0(0/84) 1 1
Lymphoma 29.5(13/44) 6(5/84) <0.001  0.023
Biological features% (n)
Anti-Ro/SSA 70.5(31/44) 71.4(60/84) 0.928 1
Anti-La/SSB 25(11/44) 41.7 (35/84) 0.094 1
RF 70.7 (29/41) 53(44/83) 0.090 1
Low C4 53.6(22/41) 36.3 (29/80) 0.100 1
Hypergammaglobulinemia 59(23/39) 55(44/80) 0.831 1
Monoclonal gammopathy 22(9/41) 7.3(6/82) 0.040 1
Leukopenia 4.5 (2/44) 8.3(7/84) 0.717 1

0.122 1

Cryo: cryoglobulinemia, SGE: salivary gland enlargement, PNS: peripheral nervous system, CNS: central nervous system,
AlH: autoimmune hepatitis, PBC: primary biliary cirrhosis, ILD: interstitial lung disease, RF: rheumatoid factor.

*: Bonferroni adjusted p-value.

10.8% vs 5.9 respectively). The 141 pSS cryoglobulin negative controls
have received: CS 31.4%, HCQ 46.4%, AZA 4.3%, MTX 7.1%, CyC 0.7%
and RTX 4.3%. Interestingly, pSS-CV patients with serious manifesta-
tions such as glomerulonephritis, peripheral neuropathy and vascu-
litic ulcers were treated with steroids, hydroxychloroquine, B cell
depletion therapy and very few cases with cyclophosphamide or
plasmapheresis. A more detailed description of treatment is pre-
sented in supplementary Table 2. The therapeutic regimen of the 44
cryoglobulin positive without CV pSS patients versus (vs) their con-
trols included: CS 38.6% vs 39%, HCQ 45.5% vs 65.9%, AZA 9.1% vs
6.1%, MTX 2.3% vs 7.3%, CyC 4.5% vs 2.4% and RTX 4.5% vs 8.5% (sup-
plementary Table 3).

Comparison of pSS-CV vs HCV-CV patients

The differences between the 71 pSS-CV and the 76 HCV-CV
matched patients are presented in Table 3. As expected, dry eyes
(98.6% vs 21.1%, p < 0.0001, OR = 262.5, 95% Cl: 42.14—-2680), dry
mouth (97.2% vs 18.4%, p < 0.001, OR = 152.8, 95% Cl: 34.41-657.8)
and salivary gland enlargement (53.6% vs 0%, p < 0.0001) were more
frequent among pSS-CV patients compared to HCV-CV. In addition,
lymphadenopathy (31% vs 4%, p < 0.001, OR = 10.78, 95% CI:
3.29-35.17), arthritis (25.7% vs 10.8%, p = 0.035, OR = 2.85, 95% ClI:
1.17-6.86), Raynaud’'s phenomenon (47.9% vs 22.4%, p = 0.002,
OR = 3.18, 95% CI: 1.59-6.45), interstitial renal disease (10% vs 1.4%,

p =0.030, OR = 8.11, 95% CI: 1.36—92.47), hypergammaglobulinemia
(69.7% vs 26.2%, p < 0.001, OR = 6.49, 95% CI: 2.98—13.41) and type I
IgMk cryoglobulinemia (97% vs 80.3%, p = 0.035, OR = 7.86, 95% Cl:
1.15-85.55) were more often observed in pSS-CV compared to HCV-
CV patients. On the contrary, HCV infection was associated with
increased frequency of fatigue (98.6% vs 59.2% p < 0.0001,
OR =47.64, 95% Cl: 8.18-495.9), peripheral nervous system vasculitic
involvement (71.6% vs 25.4%, p < 0.0001, OR = 7.43, 95% CI:
3.59-15.57) and low C4 (98.5% vs 88.6%, p = 0.033, OR = 8.51, 95% CI:
1.22-95.82), compared to pSS. The prevalence of lymphoma devel-
opment was significantly higher in pSS-CV compared to HCV-CV
patients (47.9% vs 13%, p < 0.0001, OR = 6.12, 95% CI: 2.7—14.4). After
Bonferroni correction, arthritis, Raynaud’s phenomenon, interstitial
renal disease, low C4 and type II cryoglobulinemia were found with
no statistically significant difference between the 2 groups (Table 3).

Discussion

Cryoglobulinemic vasculitis is a rare disease presenting in approx-
imately 4—11% of pSS patients [16,22,23]. Despite the rarity, the dis-
ease exhibits two major clinical elements leading to poor outcome in
pSS, which are systemic vasculitis and lymphoma development. This
information has been concluded by several case and cohort studies in
the past [4,16,23-25]. However, the major determining factor of
those studies was the presence of cryoglobulinemia while more
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Table 3
Comparison of the clinical, laboratory and histologic features between pSS-CV and HCV-SS patients.
pSS-CV HCV-cV P-value P-value*

Number of patients 71 76
Gender (female )% (n) 97.2(69/71) 97.4(74/76) 1 1
Median age (years) 50 (range: 21-75) 51 (range: 29-62) 0.718 1
Clinical Features% (n)
Dry mouth 97.2 (69/71) 18.4(14/76) <0.0001  <0.0001
Dry eyes 98.6(70/71) 21.1(16/76) <0.0001  <0.0001
SGE 53.6 (37/69) 0(0/75) <0.0001 <0.001
Lymphadenopathy 31(22/71) 4(3/75) <0.0001 <0.001
Fatigue 59.2 (42/71) 98.6(69/70) <0.0001  <0.0001
Arthralgia/myalgia 71.8(51/71) 73.7(56/76) 0.797 1
Arthritis 25.7 (18/70) 10.8 (8/74) 0.035 1
Myositis 0(0/71) 0(0/75) 1 1
Raynaud's phenomenon 47.9(34/71) 22.4(17/76) 0.002 0.062
Purpura 90.1(64/71) 88.2(67/76) 0.902 1
Vasculitic ulcer 12.7 (9/71) 25(19/76) 0.090 1
PNS 25.4(18/71) 71.6(53/74) <0.0001  <0.0001
CNS 2.8(2/71) 1.4(1/71) 1 1
Liver
Sclerosing Cholangitis 0(0/71) 0(0/76) 1 1
AIH 1.4(1/71) 0(0/70) 1 1
PBC 1.4(1/71) 0(0/72) 0.496 1
Lung
ILD 8.6(6/70) 1.3(1/75) 0.056 1
Small airways disease 13 (7/54) 4(3(75) 0.093 1
Kidney
Interstitial renal disease 10(7/70) 14(1/74) 0.030 0.93
Glomerulonephritis 11.4(8/70) 23.7(18/76) 0.085 1
Splenomegaly 2.8(2/71) 10.8 (8/74) 0.097 1
Lymphoma 47.9(34/71) 13(9/69) <0.0001  <0.001
Biological features% (n)
RF 95.7 (67/70) 87.1(61/70) 0.128 1
Low C4 88.6 (62/70) 98.5(66/67) 0.033 1
Cryoglobulinemia type II 97 (32/33) 80.3(61/76) 0.035 1
Hypergammaglobulinemia ~ 69.7 (46/66) 26.2(17/65) <0.0001 <0.0001
Monoclonal gammopathy 45.5 (30/66) 55.5(20/36) 0.442 1
Leukopenia 17.4(12/69) 14.7(10/68) 0.845 1
Thrombocytopenia 3(2/67) 11.4(8/70) 0.097 1

SGE: salivary gland enlargement, PNS: peripheral nervous system, CNS: central nervous system, AlH:
autoimmune hepatitis, PBC: primary biliary cirrhosis, ILD: interstitial lung disease, RF: rheumatoid

factor.
*: Bonferroni adjusted p-value.

precise data according to the international and validated classifica-
tion criteria for CV are limited [9,10,14,16,26,27]. Thus, the clinical
presentation of pSS-CV, as well as the characteristics that rule the
outcome and the definition of the clinical phenotype of pSS-CV are
still unmet needs.

The present study was conducted to address the clinical presenta-
tion of CV in unselected patients with pSS. The tools that were used
include: a) an integrated Greek-Italian population, from 5 clinical
centers evaluated by physicians, highly experienced with pSS-CV, b)
application of unified and validated criteria for both pSS and CV, c)
carefully selected triple matched 1:2 controls from the same clinical
center, and d) analysis of the results by applying not only the classic
statistics, but beyond that, a data driven approach with an unbiased
selection of variables, to point out features associated with CV which
are involved in lymphoma development. HCV infection often mimics
pSS, sharing common clinical manifestations, including sicca symp-
toms and CV. To address this challenging diagnostic question, we
compared the clinical picture of pSS-CV with that of HCV-CV.

To our knowledge this is the largest study of pSS-CV patients ful-
filling the 2011 CV classification criteria. The prevalence of cryoglo-
bulins is within the range reported by previous studies, [7-9,14,16]
corresponding to 10% of the evaluated pSS patients. The clinical pic-
ture described in this report is in line with previous studies, but some
points are presented for the first time and deserve special attention:
a) approximately 60% of pSS-CV patients had their first CV manifesta-
tion within the first year from pSS onset, b) pSS-CV is heralded by

non-specific clinical manifestations, such as arthralgia/myalgia,
arthritis or Raynaud’s phenomenon, c) high prevalence of skin vascu-
litis, extending from the one third of patients at disease onset to
almost all patients after many years of follow up and d) a time-
related pattern for the appearance of glomerulonephritis and periph-
eral neuropathy was not observed. One-third of the associated NHL
cases occurred during the first 5 years after CV onset, but the diagno-
sis of NHL for the majority of pSS-CV patients, spread out in 20 years,
since CV diagnosis. Based on these observations, since pSS-CV is usu-
ally heralded by non-specific manifestations of pSS, it is strongly rec-
ommended that, pSS patients must be evaluated properly at pSS
onset for the presence of cryoglobulins. Following early diagnosis,
pSS-CV patients should undergo a close follow up for many years,
since internal organ vasculitis or lymphoma can very well be late
sequels. These findings can also start a discussion, whether early
intervention with targeted B-cell treatments, might be instituted
after the detection of cryoglobulins, even if this is associated with
non-specific symptoms, in an attempt to prevent overt vasculitis
and/or lymphoma. Finally, the present study has clearly shown that
pSS-CV and HCV-CV, are distinct entities, since pSS-CV patients pres-
ent much more frequently with sicca manifestations, lymphadenopa-
thy, arthritis and lymphoma, mainly in the context of type II
cryoglobulinemia with an [gM« mRF [28].

In accordance with previous reports [16,26,29], purpura is the
most prevalent CV-specific manifestation of pSS-CV. This study, adds
that purpura is also the most common CV-specific presenting
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manifestation occurring in one-third of patients within the first year
after pSS onset, thus explaining why purpura at pSS diagnosis is an
excellent predictor for future lymphoma development [30]. Although
the clinical expression of pSS-CV is spreading across time, this study
showed a temporal clustering of CV and pSS onset in 60% of pSS-CV
patients. In line with this, one third of pSS-CV will eventually develop
a non-Hodgkin lymphoma of B cell origin within the first 5 years of
pSS onset. Taken together, it appears that this subset of pSS patients
possess a discrete B cell monoclonal population, producing an IgM«
monoclonal RF, very early during pSS disease course. Importantly,
previous data point out that the monoclonal component is composed
within the salivary glands [31,32], explaining why salivary gland
enlargement in several reports is an independent predictor of future
lymphoma development. The production and perpetuation of mRFs
within the inflamed salivary glands are probably attributed to the
formation of ectopic germinal center like structures (EGCS), which
are more frequently found in pSS-CV patients compared to cryoglo-
bulin negative controls. On the contrary, in HCV-related cryoglobuli-
nemia [12], B-cell clonal expansion is mainly localized within the
bone marrow and the liver [33]. Compared to HCV-CV, pSS-CV
patients carry an increased risk of lymphoma that could be explained
by the occurrence of MALT lymphomas unrelated to cryoglobuline-
mia [12] and by the more intense and persistent autoreactive B cell
activation as attested by the higher frequency of lymphadenopathy,
hypergammaglobulinemia and specific autoantibodies, observed in
pSS-CV patients. On the other hand, HCV-CV patients had a remark-
ably increased peripheral nervous system involvement which could
be attributed to 2 distinct underlying mechanisms: a) inflammation
of the vasa nervorum not only due to cryoglobulins but also to anti-
HCV/HCV immune complex deposition, and b) direct HCV mediated
inflammation of the nerves [34—36].

Previous studies have clearly shown that cryoglobulinemia is
associated with increased morbidity and mortality, serving also as
one of the strongest laboratory predictors for future lymphoma
development, either with or without CV [13,30,37]. The answer to
the question whether cryoglobulinemia or CV serves better as lym-
phoma risk factor is still unaddressed. Indeed, previous studies, using
small number of patients, showed that neither CV nor cryoglobuline-
mia were proven risk factors for lymphoma in the multivariate
model, although CV was correlated with increased mortality [16]. In
our dataset, we performed a data driven analysis to identify lym-
phoma associated features including both cryoglobulinemia and the
presence of CV. Although, cryoglobulinemia was emerged as an inde-
pendent feature, this finding is random, since in our specific dataset
both cryoglobulinemia and CV possess the same power of signifi-
cance, according to the FCBC algorithm and, eventually one of them,
but not both could be selected as a potentially independent variable.
The FCBF algorithm categorizes on a mathematical based manner,
features and variables with minimal inter-correlation and therefore
it was unexpected to pre-select both cryoglobulinemia and CV as
potentially independent variables for the logistic regression (LR)
model. Thus, it was highly unlikely to compare cryoglobulinemia and
CV as independent variables for any type of LR model, since the first
variable is a prerequisite for the second. Finally, to address this ques-
tion, we analyzed concomitantly the group of the 44 pSS cryoglobulin
positive patients without vasculitic tissue damage and compared it
with the 71 pSS CV patients. Around half of the pSS-CV patients had
NHL, while that was true only for one fourth of cryoglobulin positive
CV negative pSS patients. In the latter group the determining factor
for lymphoma development was the presence of mRF in the cryopre-
cipitate (87.5% of patients with lymphoma) i.e. type II cryoglobuline-
mia and not type III In the pSS-CV patients where the prevalence of
lymphoma was double, the presence of [gM« mRF type II cryoglobuli-
nemia was 97%. At this point, we feel it is important to emphasize
that the capacity of serum cryoglobulins to precipitate in tissues may
be affected by many factors: a) the quantity of circulating

cryoglobulins as a net balance between production and clearance
[38,39], b) the degree of the affinity-avidity of the monoclonal com-
ponent with rheumatoid factor activity against the polyclonal IgG
component [40], ¢) the physicochemical properties of cryoglobulins
such as sialylation of the Fc portion [41] and d) several environmental
factors including temperature, pH and the presence of plasma hyper-
filtration conditions in specific tissues [40,42]. Thus, the cryoprecipit-
able IgM« mRF, the common denominator between the two groups,
operates as either a double or single sword edge in patients with
pSS-CV and pSS with cryoglobulinemia only, regarding lymphoma
development. In the second case, it represents only the B-cell clonal
expansion, whilst in the first case it is the major element responsible
for the generation of the complex disease of CV that can be seen as a
composite index, born by nature. This can explain why in several pre-
vious studies, many items of CV served as predictive factors for future
lymphoma development. Another issue that remains inadequately
addressed in the literature, is the net effect of specific treatment
modalities on lymphoma development. In this series of pSS-CV
patients, the majority of those with severe vasculitic involvement
were treated with corticosteroids, hydroxychloroquine, B cell deple-
tion therapy (rituximab) and plasmapheresis. In very few cases cyclo-
phosphamide was administered, while methotrexate (MTX) and
azathioprine (AZA) were more commonly used in pSS-CV patients
compared to cryoglobulin negative controls. pSS-CV patients without
lymphoma have been also treated more frequently with MTX and
AZA compared to those with lymphoma. Therefore, it seems that the
additional risk from the excess use of MTX and AZA among pSS-CV
patients compared to controls is low, suggesting that systemic immu-
nosuppression confers low risk to lymphoma development.

In this work, we present our results with and without Bonferroni
correction that represents one of the most widely used methods for
p-values adjustment to avoid type I error in the context of multiple
comparisons. However, it has been supported that Bonferroni correc-
tion is very stringent and augments the occurrence of type II error
[43]. Therefore, many researchers including the authors of this manu-
script, choose not to make any adjustments for multiple comparisons
and present data on the original form [43], while part of the scientific
community believes that Bonferroni correction is of limited use in
biomedical science [44]. For all reasons mentioned above, we show
the original and Bonferroni adjusted p-values, adopting in this way
all scientific opinions. At the end, CV was proven a major risk factor
for lymphoma development. The statistical significance of this ele-
ment was not lost after Bonferroni correction, a finding that further
strengthens our conclusions. On the other hand, the non-specific fea-
tures of CV such as Raynaud’s phenomenon and fatigue did not retain
statistical significance after adjustment, implying that a type Il error
may have occurred.

The current study has some limitations. Even if the group of pSS-
CV patients is the largest ever described, its number is still relatively
small and therefore, a larger group would allow a better power analy-
sis. While our study was amply powered, the resulting confidence
intervals of effect estimates, support the necessity for the refinement
of exact effect size estimates, in further prospective investigations.
The fact that not all pSS patients included in the total study popula-
tion have been evaluated for cryoglobulins, probably underestimates
the real prevalence of both cryoglobulinemia and CV, pointing out a
selection bias. However, the evaluated pSS patients represent more
serious cases and therefore, our results can be generalized, as they
reflect the real clinical practice. In addition, the inclusion of non-spe-
cific manifestations in the 2011 classification criteria of CV is an inner
deficit, leading to overestimation of such manifestations in the con-
text of pSS CV, since they can be attributed to either the CV or pSS
itself. Such limitations, regarding not only the clinical phenotyping of
CV in pSS but also the need for validation, are expected to be over-
come through a large multicenter study population in the context of
the HarmonicSS project. Another limitation is the heterogeneity in
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terms of ethnicity, genetic background and environmental influence
between Greek and Italian pSS patients who participated in the study.
Finally, the FCBF/LR data driven analysis was applied on the dataset of
pSS-CV and cryoglobulin negative patients, of whom 46 had lym-
phoma, a relatively small number that is anticipated to affect the sen-
sitivity level of the model.

In summary, CV associated with pSS constitutes a specific clinical
phenotype of pSS, associated with both an inflammatory component,
clinically expressed as vasculitis and NHL development. The presence
and type of cryoglobulins should be evaluated early and during fol-
low up in every patient with pSS. In the majority of patients, CV is
appeared early after pSS onset, with non-specific clinical manifesta-
tions or purpura. The major determining factor of CV is the IgM« mRF
of type Il mixed cryoglobulinemia, offering the opportunity to use B-
cell targeted treatments that have the potential to halt the progress
of the disease. Finally, the clinical expression of pSS-CV, has certain
differences compared to HCV related CV, reflecting biologic differen-
ces which may guide the physicians in the differential diagnosis and
the proper therapeutic interventions.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.semarthrit.2020.07.013.
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Abstract: Perinuclear anti-neutrophilic cytoplasmic antibodies (P-ANCA) recognize heterogeneous
antigens, including myeloperoxidase (MPO), lactoferrin, elastase, cathepsin-G and bactericidal/
permeability-increasing protein. Although P-ANCA have diagnostic utility in vasculitides, they
may also be found in patients with various other systemic autoimmune rheumatic diseases (SARDs).
Nevertheless, the clinical significance and the targets recognized by P-ANCA in such patients re-
main unclear. For this purpose, herein we investigated the occurrence of ANCA-related antigenic
specificities in 82 P-ANCA-positive sera by multiplex ELISA, as well as their association with other
autoantibodies. The P-ANCA-positive sera corresponded to patients with vasculitides (n = 24),
systemic lupus erythematosus (n = 28), antiphospholipid syndrome (1 = 5), Sjogren’s syndrome
(n =7), theumatoid arthritis (n = 3), systemic scleroderma (1 = 1), sarcoidosis (n = 1) and Hashimoto's
thyroiditis (1 = 13). In most P~-ANCA-positive patients studied (51/82, 62.3%), these autoantibodies
occurred in high titers (>1:160). The analysis of P~ANCA-positive sera revealed reactivity to MPO
in only 50% of patients with vasculitides, whereas it was infrequent in the other disease groups
studied. Reactivity to other P~-ANCA-related autoantigens was also rarely detected. Our findings
support that high P-ANCA titers occur in SARD. The P-ANCA-positive staining pattern is associ-
ated with MPO specificity in vasculitides, while in other autoimmune diseases, it mostly involves

unknown autoantigens.

Keywords: P-ANCA autoantibodies; myeloperoxidase; elastase; vasculitis; systemic autoimmune
rheumatic diseases

1. Introduction

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies, mainly of IgG
isotype, directed against proteins in the cytoplasmic granules of neutrophils and lysosomal
proteins of monocytes. Depending on their staining pattern on alcohol-fixed neutrophils,
ANCA are classified as diffuse cytoplasmic (C-ANCA), perinuclear (P-ANCA) and atypical
(A-ANCA), the first two being highly significant for the diagnosis of ANCA-associated
vasculitides. Myeloperoxidase (MPO) represents the major autoantigen recognized by P-
ANCA, followed by neutrophil elastase, lactoferrin, cathepsin G, bactericidal / permeability-
increasing protein (BPI), catalase and lysozyme, among others [1]. C-ANCA targeting

Cells 2021, 10, 2128. https:/ /doi.org/10.3390/cells10082128

https:/ /www.mdpi.com/journal/cells

200



Cells 2021, 10,2128

20f9

proteinase-3 (PR3) has been associated with granulomatosis with polyangiitis (GPA),
whereas P-ANCA targeting MPO is associated with microscopic polyangiitis (MPA). Pa-
tients with vasculitis and P-ANCA targeting MPO are most likely suffering from MPA
(55-65%), followed by eosinophilic granulomatosis with polyangiitis (EGPA) (30-40%)
and GPA (20-30%) [2]. Emerging evidence suggests that ANCA specificity associates with
disease activity and may affect the clinical phenotype, as well as response to treatment,
risk of relapse and long-term prognosis. To this end, MPA patients with MPO-ANCAs
are more likely to develop isolated crescentic glomerulonephritis [3,4], pulmonary fibrosis
and peripheral neuropathy [5,6], while MPO+-GPA patients have more frequently limited
disease, without severe organ involvement, less need for cyclophosphamide or rituximab
therapy and fewer relapses than those with proteinase-3 (PR3)-ANCA [7,8]. Interestingly,
reappearance of MPO-ANCAs indicates relapse in more than 75% of patients [9].

Beyond MPA, P-ANCA have been described in a variety of other systemic autoimmune
rheumatic diseases (SARDs), as well as chronic infections [10]. Indeed, MPO-ANCAs have
been reported in systemic lupus erythematosus (SLE; 9.3%) [11], rheumatoid arthritis (RA;
4-18%) [12], Sjogren’s syndrome (SS; <3%) [13] and systemic sclerosis (SScl; <2.4%) [14].
Their presence has been associated with vasculitic patterns of glomerulonephritis and /or
pulmonary involvement, while other P-ANCA-specific autoantigens, such as lactoferrin,
neutrophil elastase, cathepsin and lysozyme, have also been described, although without
known clinical significance [13,15,16]. In this context, P-ANCA and their distinct targets
may have a potential role in distinguishing clinical phenotypes, disease prognosis and/or
treatment monitoring. The aim of this study was to investigate the occurrence and the
autoantigenic targets recognized by P-ANCA in various SARDs.

2. Materials and Methods
2.1. Patients’” Characteristics

The sera that have been examined for ANCA positivity by indirect immunofluores-
cence (IIF) in two highly experienced Greek diagnostic immunology laboratories (De-
partment of Pathophysiology, School of Medicine, National and Kapodistrian University
of Athens—a laboratory participating in the annual European Consensus Finding Study
(ECEFS) for Autoantibodies in Rheumatic Diseases in the context of EULAR and the De-
partment of Immunology and Histocompatibility, Evangelismos General Hospital, Athens,
Greece) during the past two years have been included in the study. From a total of
550 patients who were evaluated, 82 were found to be positive for the presence of P-ANCA
by IIF and were included in the study. The medical records of all P-ANCA(+) patients were
retrospectively analyzed and cumulative clinical, laboratory and autoantibody profile data
were collected. Patients were classified into various systemic autoimmune diseases based
on international classification criteria [15,17-27]. Subgroup analysis to identify clinical
associations with P-ANCA autoantibodies was performed in terms of P-ANCA titers,
type of autoimmune disease and comparison with control patients whenever applicable.
The study was approved by the Ethics Committee of School of Medicine, National and
Kapodistrian University of Athens, Greece (protocol no: 1718016656), following the gen-
eral data protection regulations (GDPR) of European Union and the Helsinki Declaration
principles. All sera samples were stored at —20 °C immediately after sampling and kept
there until use.

2.2. Detection of P-ANCA Specificity and Associated Antigen Reactivity in Serum

The presence and titer of P-ANCAs were evaluated by standard IIF analysis on alcohol-
fixed neutrophils using the NOVA Lite ANCA kit, Inova Diagnostics Inc. (San Diego,
CA, USA) according to the manufacturer’s instructions, followed by evaluation of the
staining pattern by fluorescence microscopy. Positive sera at a dilution of 1:20 (positive
cut-off threshold) were serially diluted until becoming negative and the last positive di-
lution was considered as the P-ANCA titer. The antigens recognized by P~ ANCA were
further evaluated by a commercially available multiplex ELISA (ANCA profile ELISA,
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Euroimmun, Lubeck, Germany), analyzing the reactivity against MPO, lactoferrin, neu-
trophil elastase, cathepsin G and BPI antigens, semi-quantitatively and according to the
manufacturer’s instructions.

2.3. Detection of Anti-Nuclear (ANA) and Other Autoantibodies in Serum

Similar to ANCA detection, the presence and titer of ANA were evaluated by IIF
using the NOVA Lite HEp-2 ANA kit, Inova Diagnostics Inc in serial serum dilutions
starting from 1:160 dilution and fluorescence microscopy. Anti-Ro(SSA), anti-La(SSB),
anti-Sm, anti-UIRNP, anti-Scl70 and anti-RibP(IgG) autoantibodies were tested by im-
munoblotting using the Euroline Anti-ENA ProfilePlus1 (IgG) and Euroline ANA Profile-3
kits, Euroimmun. The levels of IgG and IgM antibodies against cardiolipin (aCL), f2GPI
and double-stranded DNA (ds-DNA) were determined by home-made ELISAs, as previ-
ously described [28-31]. Anti-CCP, anti-TPO and anti-Tg were measured by commercially
available ELISAs (QUANTA Lite CCP3.1 IgG/IgA, QUANTA Lite TPO and QUANTA
Lite Thyroid T ELISA kits, Inova Diagnostics Inc.) according to the manufacturer’s in-
structions, whereas rheumatoid factor (RF) was detected by agglutination assay using
commercially available latex-based reagents (RapiTex RF, Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany) according to manufacturer’s instructions.

2.4. Statistics

Comparisons of categorical data were performed by chi square or Fisher exact test
when cell counts were <5. For continuous variables, the Shapiro-Wilk normality test
was performed initially, followed by the Mann-Whitney—-Wilcoxon or t-test accordingly.
Statistical analyses were performed using Python 3.6, and R software 4.0.3.

3. Results
3.1. Patients’ Characteristics

Eighty two of 550 tested patients were found to be positive for P-ANCA autoantibodies
(in titer >1:20 dilution), 69 (84.2%) of whom fulfilled the criteria of a systemic autoimmune
rheumatic disease (SARD) and 13 (15.9%) who presented with Hashimoto thyroiditis
(HT). The 69 P-ANCA-positive SARD patients included 28 (40.6%) with systemic lupus
erythematosus (SLE), 24 (34.8%) with a form of systemic vasculitis (18 with microscopic
polyangiitis [MPA], two each with Behcet’s disease [BD] and Henoch-Schénlein purpura
[HSP] and one each with aortitis and cryoglobulinemic vasculitis), 7 (10.2%) with Sjogren’s
syndrome (SS), 5 (7.2%) with primary antiphospholipid syndrome (APS), 3 (4.4%) with
rheumatoid arthritis (RA), and one each with systemic sclerosis (SSCL) and sarcoidosis.

The majority of SARD patients (57/69, 82.6%), as well as HT patients (11/13, 84.6%) were
women. The median age at the time of P-ANCA measurement was 58 years (range: 20-85) for
the SARD group and 55 years (range: 34-77) for those with HT patients. A more detailed
description of patients” characteristics per disease group is presented in Supplementary
Tables S1 and S2.

3.2. P-ANCA Titers and Serum Autoantigen Specificity Per Autoimmune Disease

As detected by IIF, the titers of P~ ANCA autoantibodies in the 82 P~ANCA-positive
sera ranged from 1:20 to 1:640 (median: 640, Table 1). The majority of patients with
SARD who were studied (50/69, 72.5%) presented with high P-ANCA-titer, namely, >1:80
(in 50/69, 72.5%) or >1:160 (in 43/69, 62.3%). Microscopic polyangiitis patients had
higher P-ANCA titers compared to SLE patients (Figure 1). Among the 18 sera of P-
ANCA-positive MPA patients, 11 (61.1%) presented reactivity to MPO (MPA-P-ANCA-
MPO-positive), whereas the remaining seven did not exhibit any reactivity against the
various autoantigens examined (MPA-P-ANCA-NS). On the other hand, the vast majority
of the patients with other SARD were not found to recognize any of the P-ANCA-related
antigens under investigation, including 25/28 (89.3%) of SLE patients studied. In fact,
monospecific P~ANCA-positive patient cases with anti-MPO reactivity included one each
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with SLE, APS, RA and systemic sclerosis, whereas one patient with SS reacted with elastase
and a SLE patient with lactoferrin. In addition, a SLE patient had double specificity for
MPO/lactoferrin (Table 2).

Table 1. Serum P-ANCA titers in the various P~ANCA-positive autoimmune disease patients studied.

P-ANCA Serum Titers (No Positive)

Patient Groups

>1:640 1:320 1:160 1:80 1:40 1:20
Vasculitides MPA (n = 18) 9 5 1 1 1 1
BD (n=2) 1 1 0 0 0 0
Aortitis (n = 1) 1 0 0 0 0 0
HSP (n =2) 0 0 1 1 0 0
CV(n=1) 0 1 0 0 0 0
SLE (n = 28) 9 6 3 7 23 0
APS (n=5) 1 1 1 1 0 1
SSm=7) 5 0 0 0 0 2
RA (n=3) 2 0 0 1 0 0
SSCL(n=1) 0 1 0 0 0 0
Sarcoidosis (n=1) 0 0 1 0 0 0
Hashimoto (n=13) 2 1 4 2 1 3

P-ANCA: perinuclear antineutrophil cytoplasmic antibodies, MPA: microscopic polyangiitis, BD: Behcet’s disease,
HSP: Henoch-Schonlein purpura, CV: cryoglobulinemic vasculitis, SLE: systemic lupus erythematosus, APS:
antiphospholipid syndrome, SS: Sjogren’s syndrome, RA: rheumatoid arthritis, SSCL: systemic sclerosis.

% patients

MPA mSLE

Figure 1. Comparison of the percentages of P~ANCA-positive MPA and SLE patients according to low
<1/160 or high >1/160 titers. MPA: microscopic polyangiitis, SLE: systemic lupus erythematosus.
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Table 2. P-ANCA-related antigenic specificities in the various P-ANCA-positive autoimmune disease
patients studied.

Antigens Recognized by P-ANCA Positive Sera (No Positive)

iSRS MPO Elastase Catgepsin BPI Lactoferrin Lalrtlff(e) l{rin
Vasculitides MPA (n =18) 11 0 0 0 0 0
BD (n=2) 1 0 0 0 0 0
Aortitis (n = 1) 0 0 0 0 0 0
HSP (n=2) 0 0 0 0 0 0
CV(n=1) 0 0 0 0 1/1 (100) 0
SLE (n =28) 1 0 0 0 1/28 (3.6) 1/28 (3.6)
APS (n =5) i; 0 0 0 0 0
SS(n=7) 0 1 0 0 0 0
RA (n=3) 1 0 0 0 0 0
SSCL (n=2) 1 0 0 0 0 0
Sarcoidosis (1 = 1) 0 0 0 0 0 0
Hashimoto (n = 13) 0 0 0 0 0 0

P-ANCA: perinuclear antineutrophil cytoplasmic antibodies, MPO: myeloperoxidase, BPI: bactericidal /permeability-
increasing protein, MPA: microscopic polyangiitis, BD: Behcet’s disease, HSP: Henoch—Schonlein purpura,
CV: cryoglobulinemic vasculitis, SLE: systemic lupus erythematosus, APS: antiphospholipid syndrome,
SS: Sjogren’s syndrome, RA: rheumatoid arthritis, SSCL: systemic sclerosis. Positive values are highlighted
by bold type letters.

3.3. Autoantibody Profile of P-ANCA Positive Patients and P-ANCA Related Specificity

Microscopic polyangiitis-P-ANCA patients had increased frequency of ANA with a
titer ranging from 1:160 to 1:1280 [1:160: 30%, n = 3/10, 1:320: 50%, n = 5/10, 1:640: 10%,
n=1/10 and 1:1280: 10%, n = 1/10) and RF (27.8%, n = 5/18) (Figure 2A). Compared to
MPA-P-ANCA-NS, MPA-P-ANCA-MPO-positive patients had higher prevalence of ANA
(63.6%, n=7/11vs. 42.9%,n=3/7) and RF (36.4%, n =4/11 vs. 14.3%, n = 1/7) and lower
prevalence of anti-B2GPI-IgM (0% vs. 14.3%, n = 1/7), anti-Ro52/Ro60 (0% vs. 14.3%,
n=1/7) and anti-TPO (9,1%, n = 1/11 vs. 14.3%, n = 1/7), although these differences did
not reach statistical significance (data not shown). The autoantibody profile of P-ANCA-
positive SLE patients is presented in Figure 2B. All were ANA positive (28/28), with the vast
majority having anti-dsDNA antibodies (in 21/25, 75%) and anti-Ro60/SSA autoantibodies
(in 14/28, 50%). The majority of P~ ANCA-positive SS patients were ANA positive (5/7,
71.4%) and approximately half of them had also anti-Ro52/Ro60 autoantibodies (3/7,
42.9%). A detailed description of the autoantibody profile of the remaining SARD, as well
as HT patients, is presented in Supplementary Table S3.

3.4. Disease Features of P-ANCA Positive Patients

The small size of each disease group hampered the reliable statistical analysis of possi-
ble associations between P-ANCA-reactivity and clinical phenotypes. However, it seems
that the clinical features of P-ANCA-positive patients fall within the typical disease clinical
spectrum. More analytically, MPA-P-ANCA patients presented with non-specific clinical
manifestations, including fatigue (14/18) and fever (12/18), as well as organ threatening
disease, such as interstitial lung disease (ILD) and/or infiltrates (12/18) and glomeru-
lonephritis (11/18). The most frequent clinical manifestations of SLE-P-ANCA patents
were skin rash and/or photosensitivity (22/28), arthralgia/arthritis (18/28), anemia of
chronic disease (13/28) and renal involvement (9/28). Furthermore, the three SLE patients
recognizing P~-ANCA-related antigens presented with different clinical phenotype. The
anti-MPO-positive patient suffered from fatigue, fever, arthralgia/arthritis, photosensitiv-
ity and hematological findings, including anemia, leukopenia and thrombocytopenia; the
anti-lactoferrin-positive SLE patient had more severe disease with non-specific manifesta-
tions (fatigue, fever, sicca symptoms), inflammatory arthritis, skin rash/photosensitivity,
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lymphadenopathy, serositis, Libman-Sacks endocarditis, enteritis, anemia and leukopenia,
while the SLE patient with the double anti-MPO/lactoferrin specificity presented with
fatigue, sicca manifestations, arthralgias, skin rash/photosensitivity and hematological
findings (anemia, leukopenia and thrombocytopenia). The SS-P-ANCA+ patients all had
sicca symptoms, musculoskeletal manifestations (6/7), Raynaud’s phenomenon (3/7) and
anemia of chronic disease (3/7). The anti-elastase-positive SS patient had sicca manifesta-
tions, lymphadenopathy and ILD. The P~ ANCA-positive APS patients had major vascular
events, including pulmonary emboli, and thrombocytopenia, while the anti-MPO/ elastase
patient had lupus-like phenotype with mouth ulcers, alopecia, Raynaud’s phenomenon,
pulmonary emboli, leukopenia and thrombocytopenia. The SSCL-anti-MPO+ patient de-
veloped acute renal failure. The clinical and laboratory features of all P-ANCA(+) patients
included in the study are summarized in Supplementary Tables S1 and S2.

(@) % MPA patients

55.6

anti-Ro52/Ro60 anti-B2GPI-IgM anti-TPO

Autoantibodies

% SLE patients

Autoantibodies

Figure 2. Autoantibody profile of P-ANCA positive patients. (a) Presence other than
P-ANCA autoantibodies in MPA patients; (b) distribution of autoantibodies in the context of
SLE. P-ANCA: perinuclear antineutrophil cytoplasmic antibodies, MPA: microscopic polyangi-
itis, SLE: systemic lupus erythematosus, ANA: antinuclear antibodies, RF: rheumatoid factor,
aCL: anti-cardiolipin.

4. Discussion

In this report, we investigated the occurrence of P~ANCA autoantibodies and their
specificity in various autoimmune diseases. In accordance with previous studies [2], this
study further indicates that MPO is the predominant autoantigen targeted by P-~ANCA
in MPA patients, whereas reactivity to other P-ANCA-related autoantigens, such as lacto-
ferrin, may only sporadically be observed [32]. Nevertheless, our study indicates that the
antigenic specificity of P-ANCA autoantibodies remains elusive in a significant proportion
of such patients. On the other hand, our results support that high titers of P-ANCA autoan-
tibodies are frequently observed in patients with systemic autoimmune diseases, other than
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MPA. Interestingly, despite the relatively high P-ANCA titers, the vast majority of these
patient groups have unidentified specificities. In line with previous reports [4,11,12,16],
the most frequently recognized antigen in P-ANCA-positive patients is MPO, whereas
reactivity against other P-ANCA-related autoantigens, such as lactoferrin and elastase,
were rarely observed. Importantly, P~ ANCA-positive SLE and MPA patients presented
with enriched autoantibody profile, implying systemic autoimmune responses against
ubiquitous self-antigens. Although the number of SLE P-ANCA positive patients is small,
it is noteworthy that P-ANCA positivity among these patients is associated with skin,
renal and hematologic manifestations. Interestingly, the anti-MPO positive lupus patient
had no renal involvement, while anti-lactoferrin specificity was linked to the most severe
clinical phenotype as opposed to double anti-MPO /lactoferrin specificity relayed to a
milder clinical picture. These findings imply that P-ANCA specificity may have clinical
significance; however, further multicentric studies of large patient cohorts are needed to
verify these observations.

Important limitations of this study were the small number of patients, as well as the
small number of autoantigens included in the assay we applied. A variety of potential
self-antigens may be recognized by P-ANCA autoantibodies. Thus, diverse autoantigen
array and/or high throughput biotechnologies are required to reveal potentially hidden
specificities of P~ANCA reactivity. On the other hand, although limited, the misinter-
pretation of A-ANCA, as P-ANCA, cannot be excluded since our detection was based
on immunofluorescence detection of only ethanol-fixed neutrophils. The parallel use of
ethanol and formaldehyde-fixed neutrophils for the detection of P-ANCA has been re-
ported to discriminate false P-, atypical ANCA [33]. However, this approach applies mainly
for recognizing P-ANCA targeting MPO, whereas it has been reported to be non-beneficial
for the study of SARDs patients other than those with vasculitides [33-35]. Furthermore,
the likelihood of the detection of P~ANCA-related pattern in the setting of concurrent high
ANA titers cannot be excluded as ANA may produce indistinguishable immunofluorescent
staining patterns on ethanol-fixed neutrophils. In fact, charge interactions between DNA
and MPO may cause false positivity in MPO-ANCA in case of high anti-dsDNA sera
titer [36]. However, this possibility is significantly diminished by the fact that the detection
of the characteristic perinuclear ring pattern is a prerequisite finding for the diagnosis of
P-ANCA staining pattern in our departments.

In summary, P-ANCA are present in sera of patients with various systemic autoim-
mune diseases in high titers and are associated with ANA, confirming to most likely be in
support ofthe systemic nature of autoimmunity. The results of this study indicate that, al-
though MPO represents the most common P-ANCA specificity for MPA, autoantibodies to
additional novel neutrophilic self-antigens are likely present in P-ANCA-positive autoim-
mune disease patients. In this context, further investigation of the currently unidentified
P-ANCA-related autoantigens may reveal novel and clinically useful disease markers.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cells10082128 /51, Table S1: Clinical and Laboratory features of patients with systemic
vasculitis, SLE and APS, Table S2: Clinical and Laboratory features of patients with other autoimmune
diseases, Table S3: Autoantibody profile of other than MPA and SLE pANCA positive patients sub-
grouped per disease type.
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