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Abstract

Antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis
(AAV) represents a collection of rare autoimmune disorders that
primarily  target small blood vessels. This group
includes granulomatosis ~ with  polyangiitis  (GPA), eosinophilic
granulomatosis with polyangiitis (EGPA), and microscopic polyangiitis
(MPA). The diagnosis of AAV is multifaceted, relying on a
combination of clinical assessments, biological markers, radiological
imaging, and histopathological evaluations.Although the revised
Chapel Hill classification has refined disease definitions, the absence of
ANCAs in some patients can complicate  diagnosis.
The management of AAV typically begins with an induction phase
aimed at inducing remission. This phase often incorporates
corticosteroids  (CS) or  Avacopan in  conjunction  with
immunosuppressants such as Rituximab (RTX) or Cyclophosphamide
(CYCQC). Following this initial treatment, patients generally transition to
maintenance therapy. Despite significant advancements in the
understanding and treatment of AAV, challenges persist regarding
accurate prognosis and therapeutic management.
To evaluate disease severity and inform treatment decisions, clinicians
utilize tools such as the Five-Factor Score (FFS) and the Birmingham
Vasculitis Activity Score (BVAS). However, these assessment
instruments have inherent limitations and may not fully encapsulate the
complexity of the disease. Recent epidemiological research has
underscored geographic variability in the incidence of AAV and
highlighted the role of ANCAs as crucial diagnostic and prognostic
markers.Evaluating long-term sequelae wusing indices such as
the Vasculitis Damage Index (VDI)is essential, especially given
improved survival rates and an increasing focus on enhancing patients'
quality of life.Current treatment strategies aim to minimize relapses and
manage complications, including infections and metabolic
disturbances; however, there is a pressing need for more personalized
approaches. This review emphasizes the importance of developing more
sophisticated prognostic tools and activity scores to improve clinical
management of AAV. It also advocates for continued research to
optimize treatment strategies and enhance outcomes for patients
affected by these challenging conditions.
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Introduction:-

Antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAV) encompasses a diverse array of
aggressive diseases that wreak havoc on small-caliber blood vessels, including arterioles, capillaries, and venules.
The primary manifestations of AAV are granulomatosis with polyangiitis (GPA), previously known as Wegener's
granulomatosis; eosinophilic granulomatosis with polyangiitis (EGPA), formerly referred to as Churg-Strauss
syndrome; and microscopic polyangiitis (MPA).

These formidable conditions are characterized by necrotizing inflammation that can lead to severe organ damage if
not swiftly addressed [1]. The clinical landscape of AAV is marked by its potential to affect multiple organ systems,
including the kidneys, lungs, skin, and nervous system, resulting in a spectrum of debilitating symptoms.Diagnosis
hinges on a comprehensive evaluation that integrates clinical presentation, laboratory findings, and imaging studies.

While severity and activity scores can provide valuable insights, they are not without their shortcomings; these tools
may either overestimate or underestimate the extent of damage associated with AAV. The Five-Factor Score (FFS),
in particular, lacks the specificity and comprehensive criteria necessary for effective therapeutic decision-making,
rendering it inadequate for guiding treatment selection. There is a pressing need to refine this score to enhance its
ability to identify severe cases accurately.In parallel, the Birmingham Vasculitis Activity Score (BVAS) serves as a
key tool for assessing disease activity across all forms of vasculitis, including AAV. Despite its thorough approach,
combining BVAS with FFS may offer additional benefits in determining the necessity of incorporating
immunosuppressants into corticosteroid therapy.Several evaluation scores exist for assessing long-term sequelae in
AAV patients, with the Vasculitis Damage Index (VDI) being the most widely utilized [2].

Treatment protocols for AAV typically commence with an initial phase focused on achieving remission, followed by
a sustained maintenance phase [3]. It is crucial to understand the indications, contraindications, and potential
complications associated with any prescribed medications.

Our critical analysis aims to evaluate current diagnostic criteria, prognostic tools, and treatment strategies for AAV.
We will highlight recent advancements in the field while identifying key areas for future research to enhance patient
outcomes and optimize management strategies.

Epidemiology

AAV comprises a group of rare and complex autoimmune diseases, making their epidemiological study particularly
challenging. The incidence of AAV in France mirrors that of Germany and the United Kingdom, with GPA being
the most extensively studied subtype, occurring at nearly twice the rate of MPA in France [4]. In New Zealand, a
comprehensive five-year study revealed a striking geographic disparity in AAV incidence, with significantly higher
rates observed in the southern region compared to the north. This pattern reflects similar trends seen between
northern and southern Europe [5].

Notably, Norwich, United Kingdom, reported the highest incidence rate of EGPA at an alarming 2.7 cases per
million people [6]. Globally, AAV incidence exhibits variations between genders, generally showing a moderate
male predominance. Over the past two to three decades, there has been a notable increase in AAV incidence with
advancing age. This trend is likely attributable toheightened awareness of the disease and improved diagnostic
capabilities leading to more frequent identification of cases in older populations [7]. The overall prevalence of AAV
is estimated to be between 200 and 400 cases per million individuals, reflecting advancements in diagnostic testing
and disease classification that have enhanced recognition and diagnosis. In the United States, recent data indicate an
annual incidence of 3.3 cases per 100,000 people, significantly higher than earlier reports. This increase may be
influenced by improved ANCA testing and greater clinical awareness [8].

While AAV remains a rare condition, its epidemiological landscape is evolving due to better diagnostic practices

and increased awareness. Continued research is essential to fully understand the epidemiology of AAV and its
implications for patient care.
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Primary concept

Vasculitis, also known as angiitis, is a pathological condition characterized by the inflammation of blood vessels,
which can include arteries, capillaries, and veins. This inflammatory process can affect various layers of the vessel
wall—namely, the intima, media, and adventitia—resulting in cellular infiltration by neutrophil polynuclears
(NPNSs), eosinophilic polynuclears, lymphocytes, plasma cells, histiocytes, and giant cells. The consequences of
such infiltration can lead to significant vascular damage and necrosis [9].

AAVs represent a group of rare, multisystem autoimmune diseases with an unclear etiology. These conditions are
marked by inflammatory cell infiltration that results in necrotizing damage to blood vessels. ANCAs serve critical
roles as both diagnostic and prognostic biomarkers in AAVs. Predominantly composed of immunoglobulin G, these
autoantibodies target specific antigens located within the azurophilic granules of NPNs and the lysosomes of
monocytes.

The classification of ANCAs is based on indirect immunofluorescence assays, yielding three primary types: PR3-
ANCA (c-ANCA), which exhibits diffuse cytoplasmic staining and primarily reacts with proteinase 3 (PR3); MPO-
ANCA (p-ANCA), which targets myeloperoxidase (MPO) and produces a characteristic perinuclear staining pattern;
and atypical ANCA (x-ANCA), which recognizes other constituents of cytoplasmic granules distinct from PR3 or
MPO. Notably, PR3-ANCA is found in approximately 75% of granulomatosis with polyangiitis (GPA) cases, while
MPO-ANCA is present in about 60% of microscopic polyangiitis (MPA) cases [10]. The presence of x-ANCA is
often observed in non-vasculitic conditions such as chronic inflammatory bowel diseases, certain malignancies, and
various autoimmune disorders. Furthermore, both PR3-ANCA and MPO-ANCA can also be detected in chronic
infections like endocarditis, tuberculosis, HIV, hepatitis C, and bartonellosis [11].

In instances where both PR3-ANCA and MPO-ANCA are identified concurrently in a single patient—a rare
phenomenon—drug-induced vasculitis should be considered as a potential diagnosis. This underscores the
complexity of AAVs and the necessity for thorough clinical evaluation to differentiate between primary vasculitides
and secondary conditions that may mimic their presentation. Continued research into the pathophysiology and
epidemiology of AAVs is essential for enhancing diagnostic accuracy and improving patient management strategies.

Prognostic tools

Five Factor Score (FFS)

The FFS is an essential tool utilized in guiding treatment decisions for patients diagnosed with AAV. The FFS
comprises five clinical and biological criteria that correlate with the five-year mortality rate of affected individuals.
Initially developed in 1996, the original FFS identified critical factors influencing overall survival specifically in
patients with polyarteritis nodosa and EGPA. However, it did not encompass other forms of necrotizing vasculitides,
which limited its applicability [12].

In 2011, the FFS underwent significant revisions to extend its relevance to additional systemic necrotizing
vasculitides, particularly GPA and MPA. This update also involved the removal of certain criteria, specifically
nervous system involvement and the measurement of 24-hour proteinuria, from the scoring system. According to the
original 1996 criteria, the five-year mortality rate was recorded at 11.9% in patients without any prognostic factors.
However, this rate escalated to 25.9% when one prognostic factor was present and exceeded 45.95% when two or
more factors were identified [13,14].

The revised FFS introduced age over 65 years as a negative prognostic factor while designating ear, nose, and throat
(ENT) involvement as protective against mortality, exhibiting a notably low relative risk of death. Based on the
updated criteria from 2011, the five-year mortality rates stratified by FFS scores were found to be 9%, 21%, and
40% for scores of 0, 1, and 2, respectively 3. The revised FFS serves as a simplified scoring system aimed at
enhancing prognostic evaluation and informing therapeutic decision-making [15].

Nonetheless, the FFS has inherent limitations; it considers only prognostic parameters at diagnosis without
accounting for changes over time. Consequently, this may lead to an underestimation of disease severity since it
primarily evaluates digestive, renal, cardiac, and ENT disorders while potentially overestimating severity in patients
older than 65 years. Clinicians may encounter life-threatening visceral complications, such as rapidly progressing
intra-alveolar hemorrhage; in such cases, an FFS score of 0 might suggest treatment with corticosteroids (CS) alone
when aggressive immunosuppressive (IS) therapy is actually warranted for effective AAV management. Similarly,
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in cases of GPA involving ENT structures, reliance on CS therapy alone is often inadequate due to frequent disease
recurrences; therefore, repeated CS administration becomes necessary but is suboptimal as it increases risks for
infectious and metabolic complications.

Incorporating IS agents into treatment regimens not only reduces reliance on CS but also aids in managing
unpredictable relapses and flare-ups. Given that AAVs exhibit diverse life-threatening implications and functional
consequences, employing a singular scoring system to unify their prognoses may be inappropriate. To enhance its
utility, the revised FFS should be more specific and detailed and ideally integrated with an activity score that
categorizes 1S agents into "light" therapies such as azathioprine (AZA) or "aggressive" therapies like
cyclophosphamide (CYC). This approach would facilitate more tailored therapeutic decisions based on individual
patient profiles.

Antineutrophil cytoplasmic antibodies (ANCAS)

ANCAs are essential biomarkers in the management of AAV, providing critical insights into predicting responses to
induction therapies and long-term patient prognosis. The two primary types of ANCAs—PR3-ANCA and MPO-
ANCA—are associated with different clinical outcomes and treatment responses, influencing therapeutic decisions
significantly.

Rituximab (RTX), a chimeric monoclonal antibody that targets CD20 on B cells, has been shown to be more
effective than CYC in inducing remission in patients with PR3-ANCA type AAV. Studies indicate that RTX
achieves higher remission rates compared to CYC, particularly in patients with relapsing disease [16]. In contrast,
both RTX and CYC exhibit comparable effectiveness in the treatment of MPO-ANCA type AAV, suggesting that
the choice of induction therapy may be less critical for this subgroup of patients [17].

Moreover, patients with PR3-ANCA are generally at a greater risk of relapse compared to those with MPO-ANCA.
This increased propensity for relapse necessitates careful long-term monitoring and may warrant more aggressive
maintenance therapy strategies for individuals with PR3-ANCA. The differential relapse rates highlight the
importance of tailoring treatment approaches based on ANCA subtype to optimize patient outcomes [18].

In fact, ANCAs serve as crucial indicators for guiding treatment strategies in AAV. Understanding the distinct
responses to RTX and CYC based on ANCA subtype not only enhances the likelihood of achieving remission but
also informs clinicians about the potential need for ongoing therapeutic adjustments to prevent relapses. Continued
research into the mechanisms underlying these differences will further refine treatment protocols and improve
patient care in AAV.

Activity scores

They are essential tools for assessing the severity of AAV at diagnosis and during relapses. Among the various
clinical and biological scoring systems available, the BVAS is the most widely utilized. Initially proposed in 1994, it
has undergone revisions in 1997 and 2009, with the 2009 version being recognized as the most reliable and current
iteration. This scoring system encompasses a comprehensive evaluation of nine organ systems to assess vasculitis
activity and define treatment responses to various medications, including CYC, methotrexate, mycophenolate
mofetil, intravenous immunoglobulins, and RTX.The BVAS version 3 comprises 56 distinct items, with scoring
differentiated between recent lesions (less than 28 days old) and persistent ones. Higher BVAS scores indicate more
active disease, with scores ranging from 25 to 35 reflecting very active disease that affects multiple organ systems.
In 2001, the French Vasculitis Study Group introduced a specific adaptation of the BVAS tailored for GPA [12,19].

Despite its widespread use in assessing AAV, the BVAS has limitations; it cannot reliably distinguish between
active vasculitis and progressive generalized infections due to overlapping clinical features such as fever, purpura,
and headache. These infectious symptoms may arise secondary to the vasculitis itself, its treatment, or comorbid
conditions. To enhance diagnostic accuracy, incorporating biomarkers such as C-reactive protein (CRP) and
procalcitonin (PCT) into the BVAS could aid in differentiating between sepsis and significant disease activity. For
instance, a high CRP level coupled with a negative PCT would suggest a disease flare-up. In contrast, elevated
levels of both CRP and PCT typically indicate a generalized bacterial or fungal infection .

Additionally, monitoring ANCA levels may provide further insights; persistent ANCA positivity despite treatment
can signal residual disease activity and an increased risk of relapse. An increase or return of ANCA positivity often
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suggests an impending disease flare-up. Therefore, combining the FFS with the BVAS could enhance clinical
decision-making regarding the necessity of adding IS therapy for managing AAV effectively.

While the BVAS remains a cornerstone in evaluating disease activity in AAV, its integration with additional
biomarkers and scoring systems like FFS could significantly improve prognostic accuracy and treatment strategies.

Evaluation of Sequelae

The management of vasculitis has evolved significantly, with a growing emphasis on limiting sequelae due to
improvements in overall survival rates among affected patients. A critical tool in this evaluation is the Short Form
36 (SF-36), a widely recognized instrument used to assess the impact of diseases on quality of life. Originating from
the Medical Outcomes Study, the SF-36 aims to measure quality of life objectively and encompasses 36 questions
that cover eight health domains [20].

In contrast, the VDI provides a more specific assessment tailored to vasculitis. While the BVAS records current
disease activity, the VDI focuses on the long-term consequences of vasculitis and/or its treatment, as well as other
comorbidities that may arise after diagnosis, regardless of their cause. Notably, this score can remain stable or
increase over time; however, it does not decrease even if sequelae diminish months or years following remission
[21].

It is straightforward to calculate, with each element contributing one point to the total score. Each evaluation
incorporates all elements from previous assessments along with any new items identified, distinguishing it from the
non-cumulative nature of the BVAS. The VDI specifically defines chronic damage and records any condition that
has persisted for at least three months since the onset of vasculitis.Recent studies have highlighted the prognostic
significance of this index. For instance, research indicates that early total VDI scores can independently predict all-
cause mortality in patients with AAV. This underscores the importance of systematic damage assessment in this
patient population [22].

Given VDI limitations, there is a growing consensus among experts that integrating this index with other assessment
tools, such as the Combined Damage Assessment Index (CDA), could enhance its effectiveness. The CDA includes
additional items that capture a broader range of damage types and provides a more nuanced view of patient
outcomes [23]. Such integration could facilitate better management strategies by allowing clinicians to consider both
disease activity and accumulated damage when making treatment decisions.

Treatment of AAV

Induction of Remission

The primary objective during the induction phase of treatment for AAV is to improve patient survival and achieve
rapid remission. CS are typically initiated at a dose of 1 mg/kg/day, with a maximum daily dose not exceeding 60 to
80 mg. This initial treatment phase generally lasts for approximately four weeks. Depending on the severity of the
disease, one or more boluses of methylprednisolone may be administered, typically at a dose range of 7.5 to 15
mg/kg/day, prior to the initiation of oral CS [24].

Avacopan's mechanism as an oral C5a receptor antagonist allows for targeted inhibition of inflammatory cell
recruitment to the sites of vasculitis, potentially leading to better outcomes and fewer side effects associated with CS
treatment. It represents a promising therapeutic option for patients with active AAV. Its favorable safety profile and
ability to improve both clinical outcomes and quality of life underscore its potential as a first-line treatment.

In the Phase 3 ADVOCATE trial, avacopan demonstrated non-inferiority at six months and superiority at twelve
months compared to high-dose CS combined with either CYC or RTX in patients with active AAV. Treatment with
avacopan was well tolerated and associated with significant improvements in quality of life. Notably, among
patients with severe renal involvement, those treated with avacopan experienced greater improvements in renal
function compared to those receiving high-dose of CS [25].

In conjunction with CS or avacopan, CYC is often used as part of the induction regimen. CYC is administered as

boluses every two weeks for the first month, specifically on days 1, 14, and 28, at a dose of 0.6 g/m2. It is important
to adjust the dosage based on the patient's renal function to optimize therapeutic efficacy and minimize toxicity [26].
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RTX, an anti-CD20 monoclonal antibody, is now considered the standard treatment for AAV, particularly in cases
of relapse or when patients do not respond adequately to CYC. RTX is also preferred for women of childbearing age
due to its favorable safety profile during pregnancy [27]. In instances where RTX is contraindicated or in cases of
refractory disease, obinutuzumab—another anti-CD20 agent—may serve as an effective alternative. Obinutuzumab
has been shown to induce deeper and more prolonged depletion of B lymphocytes compared to RTX, potentially
offering improved control over vasculitis activity [28].

Plasma exchange therapy can be beneficial for patients experiencing severe alveolar hemorrhage, persistent renal
insufficiency despite treatment with CS combined with CYC or RTX, or rapidly progressive glomerulonephritis
without a definitive diagnosis. This intervention may be particularly useful until results for antibodies against the
glomerular basement membrane are available [29].

Maintenance of Remission

During the maintenance phase of treatment for AAV, the primary therapeutic objectives are to minimize the risk of
relapse and to prevent complications associated with both the disease and its treatment. While the optimal duration
of maintenance therapy has not yet been firmly established, current practices involve careful management of 1S
agents.

CS are typically utilized at a reduced dosage, maintained for a duration of 12 to 18 months. CYC may be
administered at a dose of 0.7 g/m? every three weeks, usually consisting of six to eight boluses. However, CYC is
generally not the preferred IS agent due to its association with an increased risk of long-term malignancies.

Alternatives such as AZA at a dose of 2 to 3 mg/kg/day or methotrexate at 0.3 mg/kg/week are frequently employed,
as they demonstrate comparable tolerability and effectiveness in maintaining remission [30]. Mycophenolate mofetil
(MMF) is another IS option during this phase; while it can effectively replace CYC, it is generally considered less
effective than AZA in preventing relapses. Consequently, MMF is not typically used as a first-line treatment but
remains a valuable alternative, particularly in patients with MPO-ANCA vasculitis [31].

RTX can also be utilized during the maintenance phase, as it has been shown to achieve remission without the need
for additional immunosuppressive therapy. The recommended regimen involves administering RTX at a dose of
either 500 mg or 1000 mg at fixed intervals every six months for up to two years following the completion of
induction therapy. Despite its efficacy, the risk of relapse persists after discontinuation of RTX, underscoring the
necessity for ongoing monitoring and follow-up care [32].

Contraindications for Corticosteroids(CS)and Immunosuppressive (IS) Therapy
When considering the use of CS and IS agents in treatment regimens, it is crucial to be aware of specific
contraindications that may impact patient safety and treatment efficacy.

True contraindications to CS therapy are relatively rare but include severe progressive infections, glaucoma,
cataracts, and certain psychiatric disorders. While diabetes is not an absolute contraindication, it is important to note
that corticosteroids can temporarily exacerbate glycemic control, necessitating careful monitoring. Additionally, the
use of CS should be approached with caution in patients with osteoporosis or severe hypertension, as these
conditions can be aggravated by steroid treatment [33].

Certain vaccines are contraindicated during CS therapy. Patients should avoid live vaccines such as measles,
mumps, rubella, tuberculosis, and varicella to prevent potential complications associated with weakened immune
responses.

For IS therapies, absolute contraindications include serious progressive infections—whether viral, bacterial,
parasitic, or fungal—as well as any live vaccines and specific neoplasms. These restrictions are critical to
safeguarding patients from the heightened risk of infections and other adverse effects associated with
immunosuppression.

In cases of hepatic and renal insufficiency, precautions must be taken when administering IS agents to mitigate
potential complications. Furthermore, it is essential to discontinue IS therapy during pregnancy and breastfeeding to
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protect both maternal and fetal health. However, AZA is an exception; it is considered safe for use during pregnancy
[34].

Complications of AAV Treatment
AAV presents a range of complications, particularly following treatment with CS and IS agents. Understanding
these complications is crucial for optimizing patient management and improving outcomes.

Infectious Complications

Infectious complications are common in patients receiving CS or IS therapy. These can include bacterial pneumonia,
septicemia, viral infections, and opportunistic infections such as pneumocystosis, aspergillosis, and candidiasis.
Effective anti-infective prophylaxis has been demonstrated in patients with GPA usingtrimethoprim-
sulfamethoxazole (160 mg/800 mg) administered three times per week, particularly in those with leukopenia (CD4
<300/mmg3) undergoing treatment with CYC [35].

Carcinogenic Risks

CYC and AZA are the IS agents most commonly associated with an increased risk of malignancy. CYC is known to
cause hemorrhagic cystitis and bladder cancer due to the oncogenic effects of its metabolites, such as acrolein, on
the bladder mucosa. Preventative measures include ensuring adequate fluid intake to dilute acrolein exposure and
administering mesna to protect the bladder lining [35,36]. Long-term use of AZA in chronic inflammatory
conditions has also been linked to an elevated risk of lymphoma [37].

Metabolic Complications

Prolonged or high-dose CS therapy can lead to significant metabolic complications, including dysregulation of
glucose levels, lipid profiles, and blood pressure. These issues may necessitate the use of antihyperglycemic agents
or insulin, lipid-lowering medications, and antihypertensive drugs. While strict dietary restrictions such as salt-free
or sugar-free diets lack robust scientific validation, adequate daily intake of vitamin D (800 IU) and calcium (1 g) is
recommended to support bone health. Patients are also encouraged to maintain a balanced diet and engage in regular
physical activity to mitigate these risks [38].

Osteonecrosis and Osteoporosis

Osteonecrosis of the hip and humeral head is a frequent complication associated with extended CS therapy.
Additionally, osteoporotic fractures may occur due to both CS use and menopause resulting from IS therapy. To
prevent these complications, systematic supplementation with vitamin D and calcium is advised, along with anti-
osteoporosis treatments such as bisphosphonates for patients on CS therapy at doses of 7.5 mg/day or higher for
more than three months—especially in postmenopausal women and men over 50 years old [39].

Conclusion:-

The treatment landscape for AAV has seen remarkable advancements in recent years, with a strong emphasis on
maintaining remission as a primary therapeutic objective. While prognostic tools such as FFS and activity indices
like the BVAS play important roles in managing AAV, their practical contributions to patient care are still
somewhat limited.To further enhance clinical outcomes and optimize management strategies, there is a pressing
need for the development of new, more relevant scoring systems that can better reflect the complexities of AAV. By
focusing on innovative approaches to assessment and treatment, we can improve our understanding of this
challenging disease and ultimately provide more effective care for patients. The future of AAV management lies in
our ability to refine these tools, ensuring they meet the evolving needs of both clinicians and patients alike.
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