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Glucocorticoids (GC) and immunosuppressants (IS) are traditional treatments for vasculitis associated with antineutrophil cytoplasmic antibodies 
(ANCA), often resulting in the development of infections, diabetes mellitus and other adverse events (AEs). The development of a steroid-sparing 
strategy using biologic disease-modifying antirheumatic drugs (bDMARDs, including rituximab, etc.) and synthetic targeted drugs (avacopan) 
has radically improved the course of the disease. Currently, there are increasing number of basic and clinical trials of numerous bDMARDs that 
effectively reduce the number of AEs associated with GC and IS. The steroid-sparing therapeutic strategy not only shows considerable efficacy, 
but also opens up new perspectives for the treatment of patients with ANCA-associated systemic vasculitis. 
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Vasculitis associated with antineutrophil cytoplasmic antibodies 
(ANCA) is a complex autoimmune disease characterized by in-
flammation and necrosis of the wall of small and medium blood 
vessels, resulting in tissue disintegration and organ dysfunction. 
ANCA-associated vasculitides (AAVs) comprise microscopic 
polyangiitis (MPA), granulomatosis with polyangiitis (GPA), and 
eosinophilic GPA (EGPA). Proteinase 3 (PR3) and myeloperoxidase 
(MPO) are two major antigens found in the cytoplasm of neutrophils 
that interact with ANCA. PR3-ANCA are commonly associated 
with GPA, whereas MPO-ANCA are an important diagnostic 
marker for MPA [1]. Approximately 30–40% of patients with 
EGPA test positive for ANCA [2]. 

The annual incidence of AAV is 1.2–2.0 cases per 100,000, 
with a prevalence of 4.6–18.4 cases per 100,000 [3]. The annual 
incidence ranges from 2 to 13 cases per million for GPA, with 
higher rates in Northern Europe [4], and from 1.25 to 18.2 cases 
per million for MPA, peaking in Japan and Southern Europe  
[5, 6]. The annual incidence of EGPA is much lower, ranging from 
0.9 to 4 cases per million, without sex-related differences [6]. 

AAV can affect subjects of all ages, with 40–60 years of age 
more at risk, regardless of sex. GPA occurs predominantly in 
Caucasian men with a mean age ranging between 35 and 50 years 
[4, 5]. However, patients with MPA are almost 10 years older than 
patients with GPA at the time of the diagnosis, and the incidence 
rate in men and women is similar [5, 6]. 

GPA and MPA are characterized by necrotizing vasculitis 
that can affect any organ but primarily the kidneys, lungs, upper 
respiratory tract, skin, eyes, and peripheral nerves. Granulomas 

and giant multinucleated cells are key pathological features of 
the diseases. They occur due to the excessive activation of 
circulating neutrophilic granulocytes after binding to ANCA, re-
sulting in necrotizing vasculitis with inflammatory and ischemic 
damage, fibrotic tissue remodeling, and organ dysfunction. EGPA 
is markedly different from other AAVs and is characterized by 
late-onset asthma, rhinosinusitis, eosinophilia in the peripheral 
blood, and signs of vasculitis. The pathogenesis of EGPA is 
poorly understood and is related to the proliferation and activation 
of eosinophilic granulocytes mediated by interleukin (IL) 5 and 
IL-13 [4]. 

Individualized treatment decisions are made based on the 
disease activity, preexisting and irreversible organ damage, risk 
of relapse, overall prognosis, and quality of life. The conventional 
approach to AAV involves induction and maintenance of remission 
and monitoring for possible relapses. According to the recom-
mendations of the European League Against Rheumatism  
(EULAR) and the European Renal Association-European Dialysis 
Transplant Association (ERA-EDTA), treatment of patients with 
organ- or life-threatening GPA and MPA begins with a combi-
nation of high doses of glucocorticoids (GCs) with cyclophos-
phamide (CP) and/or rituximab (RTX; Table 1) [7, 8]. A com-
bination of GC with azathioprine (AZA) or mycophenolate 
mofetil (MMF), or methotrexate (MTX) can be used in patients 
with mild, non-life-threatening disease (Table 1) [7, 8]. This 
treatment is effective but entails the risk of toxic adverse events 
(AEs), probably due to the non-selective effects of these agents 
on different tissues and cell types. 



Infections are common in patients receiving high cumulative 
doses of GC [9], which also exert adverse effects on many organ 
systems, contributing to musculoskeletal disorders (osteoporosis, 
avascular necrosis, and myopathy) [10], endocrine dysfunction 
(diabetes mellitus and adrenal suppression) [11], and increased 
cardiovascular risk (hypertension, atherosclerosis, heart failure), 
eye disorders (glaucoma and cataract), gastrointestinal disorders 
(peptic ulcer disease and gastrointestinal bleeding), mental disorders, 
etc. [12, 13]. According to T.C. Yao et al. [14], short courses of 
high-dose GC therapy increase the risk of AEs. Moreover, mortality 
in some forms of vasculitis is higher than in the general population, 
despite a very good response to GCs [15]. O. Flossmann et al. [16] 
point out that most deaths are due to infections and cardiovascular 
complications related to GCs rather than vasculitis. In recent 
years, there has been a trend toward minimizing high doses of 
GCs, including pulse therapy with methylprednisolone, particularly 
in patients with low disease activity [17]. The metabolites of CP 
exert toxic effects on the bladder and reproductive system, with 
increased risks of malignancies [18] and infertility [19] during 
long-term treatment. 

The problem of AEs induced by GCs and CP in AAV patients 
has facilitated the development of steroid-sparing strategies which 
significantly improved treatment outcomes. A rapid GC tapering 
regimen was introduced in the recent PEXIVAS trial (induction 
with GC and CP with or without plasma exchange in patients 
with AAV and severe renal impairment or diffuse alveolar hemor-
rhage) and has become widely used. Both regimens of oral GCs 
showed comparable efficacy (Table 2), although the frequency of 
AEs, primarily infections, insomnia, and new-onset diabetes 
mellitus, was significantly lower in the reduced-dose group [20]. 
In a subsequent randomized controlled trial (RCT) conducted by 
S. Furuta et al. [21], a reduced-dose GC plus rituximab regimen 
was noninferior to a high-dose GC plus rituximab regimen with 

regard to induction of disease remission in patients without severe 
glomerulonephritis or alveolar hemorrhage (Table 2). Subsequently, 
Y. Xiao et al. [22] confirmed that medium- to low-dose GC 
therapy reduces the risks of mortality and end-stage renal disease. 
This data had supported the conditional recommendation of the 
American College of Rheumatology (ACR) to use a reduced-dose 
GC regimen over a standard-dose GC regimen for remission in-
duction in patients with active, severe GPA/MPA [23]. 

Over the past decades, biologic agents have dramatically im-
proved the outcomes of AAV and replaced cytotoxic drugs as the 
cornerstone of induction and maintenance therapy. Currently, 
there is a growing number of fundamental and clinical studies of 
various therapies that not only significantly reduce the frequency 
of AEs related to GCs and immunosuppressants (ISs) but also 
demonstrate considerable efficacy (Table 2). 

RTX, a chimeric mouse/human monoclonal anti-CD20 IgG1 
antibody approved by the US Food and Drug Administration 
(FDA) in 2011, has been successfully used for the treatment of 
patients with AAV. In 2020, the Oxford Centre for Evidence-
Based Medicine recommended extended RTX therapy (Table 1), 
with immediate withdrawal of ISs and complete cessation of 
GCs 6–12 months after RTX commencement [24]. However, in 
2021, the Kidney Disease: Improving Global Outcomes (KDIGO) 
group recommended that GCs in combination with CP or RTX 
be used as initial treatment of new-onset AAV [25]. In patients 
presenting with serum creatinine > 354 mmol/L, CP and GCs 
are preferable for induction therapy, although the combination 
of RTX and CP can also be considered in this setting (Table 1). 
Either AZA plus low-dose GCs or RTX without GCs is recom-
mended as maintenance therapy after remission induction. Patients 
with relapsing disease should be reinduced, preferably with RTX. 
Refractory disease can be treated by an increase in GCs or by the 
addition of RTX or CP [26–28]. The 2022 EULAR [8] and 2023 
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Table 1. Main regimens for GC dose reduction for remission induction according to randomized clinical trials data

Parameter                                                                              PEXIVAS20                                                  LOVAS21                    AVC 30 mg twice daily  
                                                                                                                                                                                                             + GC 20 mg/day47,48

Note. After week 52, local investigators determined subsequent GC dosing. PE, plasma exchange.

Treatment                                                                    GC + CP pulse therapy                                        GC 0.5 mg/kg/day   GC pulse therapy 
                                                                                                       ± 7 PE        ± 7 PE            ± 7 PE       + RTX 375 mg/m2/ + RTX 375 mg/m2/week once every 
                                                                                                                                                                        week, 4 doses              4 weeks, then AZA 2 mg/kg/day 
                                                                                                                                                                        GC, mg/day               up to week 52 
                                                                                                                                                                                                              
                                     Standard-dose GC regimen,                Reduced-dose GC regimen,                                                   GC, mg/day 
                                     mg/day                                                     mg/day 
 
Body weight               <50 kg        50–75 kg        >75 kg          <50 kg        50–75 kg        >75 kg        —                                 >55 kg                       <55 kg 
 
GC treatment week                                                   GC dose, mg/day 
1                                   50                60                    75                  50                60                    75                37.5                             60                               45 
2                                   25                30                    40                  25                30                    40                37.5                             45                               45 
3–4                              20                25                    30                  20                25                    30                18.75                           30 (3 weeks)             30 (3 weeks) 
                                                                                                                                                                                                             25 (4 weeks)             25 (4 weeks) 
5–6                              15                20                    25                  15                20                    25                7.5                               25                               25 
7–8                              12.5            15                    20                  12.5             15                    20                5                                   20                               20 
9–10                            10                12.5                 15                  10                12.5                 15                4                                   15                               15 
11–12                         7.5               10                    12.5              7.5               10                    12.5             3                                   10                               10 
13–14                         7.5               10                    12.5              6                  7.5                   10                2                                   10                               10 
15–16                         7.5               10                    12.5              5                  5                       7.5               2                                   5                                 5 
17–18                         7.5               10                    12.5              5                  5                       7.5               1                                   5                                 5 
19–20                         5                  5                      5                    5                  5                       5                  1                                   5                                 5 
21–22                         5                  5                      5                    5                  5                       5                  0                                   0                                 0 
23–52                         5                  5                      5                    5                  5                       5                  0                                   0                                 0 
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Pan-American League of Associations for Rheumatology  
(PANLAR) [29] guidelines also suggest using a combination of 
GCs and RTX to induce remission in patients with new or 
recurrent GPA or MDA (Table 1). 

Regarding safety, the 2024 KDIGO guidelines [30] and nu-
merous well-designed studies [31,32] point out comparable rates 
of infection between RTX and CP used as the first-line induction 
therapy. However, scientists disagree on the safety of the two treat-
ments. A comprehensive meta-analysis showed that the cumulative 
incidence of serious infections during the total follow-up period 
was significantly higher for the combination of CP and AZA com-
pared to the combination of RTX and AZA [33]. Chinese investi-
gators demonstrated comparable efficacy of low-dose RTX (375 
mg/m2/week total over 4 weeks) and CP, although the incidence 
of serious AEs in the RTX group was significantly lower (Table 1) 
[34]. Japanese investigators also reported lower risks of fungal in-
fections and Pneumocystis pneumonia in patients with severe 
AAV in the RTX group compared with the CP group [35]. Also, 
the 2024 KDIGO guidelines suggest that RTX is preferable than 
CP for induction therapy in frail elderly patients [30], although 
the specific evidence remains unclear. 

Inspired by the success of RTX, a second generation of hu-
manized, fully chimeric, type I anti-CD20 IgG1 (rituximab-like) 

monoclonal antibodies with deliberately modified pharmacodynamic 
profiles has been developed.36 Obinutuzumab (ONT) is another 
anti-CD20 antibody that can significantly reduce the risk of AAV 
relapse.37 In an in vitro study using cells from patients with GPA, 
ONT showed stronger effects compared to RTX on both the re-
duction of B cells and the activation of NK cells due to the 
optimized activity of Fc fragments [37, 38]. ONT appears to be a 
safe and effective option for patients with AAV who have refractory 
disease or poor tolerability to RTX (Table 2) [37]. An RCT 
comparing the efficacy of ONT and RTX in the treatment of 
patients with AAV positive for PR3-ANCA is in progress 
(NCT05376319) [39]. 

The B lymphocyte stimulator (BLyS) is a member of the 
tumor necrosis factor (TNF) family that plays a unique role in  
B cell development/differentiation in autoimmune diseases [40]. 
BLyS is expressed by neutrophils, which have been identified as 
key cells in the pathogenesis of AAV [41]. Belimumab (BLM), a 
human IgG1λ monoclonal antibody against BLyS, is licensed for 
the treatment of adults with active systemic lupus erythematosus 
who are receiving standard therapy. Two studies demonstrated 
that dual immunotherapy (AZA/BLM or RTX/BLM) targeting  
B cells (i.e., B cell depletion and BLyS inhibition) may be more 
effective than single-agent therapy (Table 2) [42, 43]. 

Table 2. Brief description of GPA, MPA, and EGPA treatment protocols 8,29,30,37,42,45,47,48,55,70,72,74

AAV                       Drug                                       Treatment phase                                                     Dosage

Note. IV, intravenously; LEF, leflunomide; PS, prednisolone.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GPA/MPA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EGPA

GC 
 
CP pulse therapy 
 
 
RTX 
 
ONT 
AVC 
 
MTX 
 
 
MMF 
 
RTX 
 
BLM 
AVC 
AZA 
LEF 
TCZ 
 
Immunoglobulins 
 
Alemtuzumab 
 
CP pulse therapy 
 
RTX 
 
 
Mepolizumab 
 
 
PS monotherapy 
AZA 
MTX 
MMF

Remission induction and maintenance 
 
Induction: life-threatening organ damage 
(kidneys, lungs, eyes, brain) 
 
 
 
 
 
 
Remission induction and maintenance: 
non-life/organ-threatening disease,  
any grade 
 
 
Maintenance of remission: any severity 
grade 
 
 
 
 
 
 
Refractory disease 
 
 
 
Induction: life-threatening organ damage  
 
 
 
 
Remission induction and maintenance: 
non-life/organ-threatening disease, any 
grade 

See Table 1 
 
15 mg/kg IV (up to 1200 mg/pulse) at weeks 0, 2, and 4, then 
every 3 weeks until remission, up to 10 doses or 2 mg/kg 
orally daily for a total of 3–6 months 
375 mg/m2 IV initially, at weeks 1, 2, and 3 or  
1000 mg IV on days 1 and 15 
1000 mg IV on days 1 and 15 with GC taper 
30 mg twice daily 
 
15–25 mg once weekly 
 
 
2000–3000 mg/day orally 
 
1000 mg IV every 4 months  
or 500 mg IV every 6 months for 18–36 months 
10 mg/kg after induction with RTX or CP with GC 
30 mg twice daily 
2 mg/kg/day orally, up to 200 mg/day 
20–30 mg/day orally 
8 mg/kg every 4 weeks 
 
A single course (2 g/kg) is added to standard induction  
therapy 
60 mg/day or 30 mg/day 
 
600 mg/m2 on days 1, 15, and 29, then 500 mg every 3 weeks  
6 doses 
1 g on days 1 and 15 
300 mg subcutaneously every 4 weeks 
 
1 mg/kg/day over 3 weeks (up to 80 mg/day), then reduction 
by 7.5 mg every 2 weeks to 0.25 mg/kg/day after 3 months, 
then by 5 mg every 2 weeks to 10 mg/day, then by 1 mg every 
3 weeks to the minimum effective dose 
2 mg/kg/day, up to 200 mg/day 
15–25 mg once weekly 
2000–3000 mg/day



Currently, avacopan (AVC), the first selective antagonist of 
the complement 5a receptor (C5aR1 or CD88) for oral adminis-
tration that competitively inhibits the interaction between C5aR1 
and anaphylatoxin C5a, is considered the most promising steroid-
sparing strategy. The specific and selective blockade of C5aR1 by 
AVC reduces the pro-inflammatory effects of C5a, which include 
neutrophil activation, migration, and adherence to sites of small 
blood vessel inflammation, vascular endothelial cell retraction 
and permeability [44]. 

AVC has been approved for the treatment of GPA and MPA in 
several countries, including the USA and Japan [45]. In November 
2021, AVC, in combination with RTX or CP, was approved for the 
treatment of adult patients with severe, active AAV [46]. The 
efficacy and safety of AVC was evaluated in 331 patients with AAV 
in the ADVOCATE trial. Patients received AVC at a dose of 30 mg 
twice daily for 52 weeks and GCs on a tapering schedule for 20 
weeks. In the control group (n = 164), patients received matching 
placebo twice daily for 52 weeks with GCs (60 mg/day tapered to 
discontinuation by week 21). Patients in both groups received RTX 
or CP according to the established protocols. At week 26, remission 
rates in the AVC and GC groups were similar (Table 2). There was 
a 54% reduction in the relative risk of relapse after 52 weeks of 
AVC treatment (hazard ratio (HR) 0.46; 95% confidence interval 
(CI) 0.25–0.84) [47]. The steroid-sparing effect of AVC (reduction 
in the maximum doses and duration of GC use) was evident in a 
56% reduction in the cumulative GC dose after week 52 and in an 
improvement in GC-induced toxic effects (reduction in the  
Glucocorticoid Toxicity Index) [47]. Another RCT compared the 
efficacy of GCs alone (60 mg/day, followed by a tapering regimen 
until discontinuation) and a combination of GC (20 mg/day) and 
AVC (60 mg/day; Tables 1 and 2) administered over 20 weeks. The 
primary endpoint was a ≥50% reduction in the Birmingham 
Vasculitis Activity Score (BVAS). This study found no differences 
in the safety or efficacy between the two groups [48]. P.A. Merkel 
et al. [49] showed that AVC in addition to standard-of-care treatment 
with GCs and RTX or CP was well tolerated and improved the du-
ration of AAV remission. Another study demonstrated the efficacy 
of a 52-week combination treatment with GC and AVC in patients 
with severe renal insufficiency [50]. F.B. Cortazar et al. reported  
3 cases of rapidly progressing AAV requiring renal replacement 
therapy [51]. Patients received AVC in combination with RTX 
and/or CP and a rapid GC tapering regimen. Renal function sig-
nificantly improved in all patients, and hemodialysis was discontinued. 
Interestingly, AVC reduces AAV activity without affecting ANCA 
levels [52, 53]. In the 2024 KDIGO guidelines, AVC is recommended 
as an effective alternative therapy for patients requiring high doses 
of GCs and patients with renal involvement and a low glomerular 
filtration rate (Table 1). 

Thus, AVC represents a new treatment strategy that has a po-
tential to change standard-of-care AAV treatment and completely 
replace GCs. 

Cellular immunity plays a crucial role in the pathogenesis of 
AAV. CD4+ cells promote ANCA production, and both CD4+ 
and CD8+ cells recognize ANCA antigens deposited in peripheral 
tissues through activated neutrophils. Alemtuzumab is a humanized 
anti-CD52 monoclonal antibody that depletes all lymphocytes, 
with a particularly long-lasting effect on T cells resulting in CD4+ 
cell recovery approximately 60 months after cessation of treatment 
[54]. The ALEVIATE trial included 23 patients with refractory 
AAV or Behзet’s disease who were randomized to receive 60 or  
30 mg/day alemtuzumab (Table 2). Remission was reported in 

2/3 of patients after 6 months and was maintained to 12 months 
in 1/3. No dose-dependent differences were found [55]. By 
targeting T cells, alemtuzumab has demonstrated some potential 
in the treatment of AAV, but further studies are needed. 

Abatacept (ABC) is a fusion protein consisting of the Fc 
region of IgG1 and the extracellular domain of CTLA4 that binds 
to the costimulatory ligands CD80 and CD86 and inhibits their 
interaction with the costimulatory receptors CD28 and CTLA-4 
expressed by T cells, thereby inhibiting T cell activation [56].  
C. Mettler et al. [57] observed remission or response in less than 
50% out of 6 patients with refractory and/or recurrent GPA 
treated with ABC. In another study, patients received dual-agent 
therapy with GC (30 mg/day) and ABC for 2 months, as well as 
AZA, MMF or MTX. Of the 20 patients, 18 (90%) had disease 
improvement, and 16 (80%) achieved remission after 1.9 months. 
Eleven of the 15 (73%) ABC-treated patients on GCs reached  
0 mg. However, 7 patients experienced 9 severe AEs, including 7 
infections that were successfully treated [58]. 

TNF-α plays a central role in the pathogenesis of AAV by in-
ducing neutrophil activation which causes vascular endothelial 
damage [59]. This mechanism justifies the use of monoclonal anti-
bodies against TNF-α (infliximab, etanercept, and adalimumab) 
for the treatment of AAV. However, a meta-analysis of four RCTs 
did not show significant efficacy of etanercept and infliximab in 
achieving remission or preventing relapse in patients with GPA 
and MPA [60, 61. Notably, the combination of CP with etanercept 
significantly increased the risk of solid malignancies compared to 
the general population [62]. In another prospective, multicenter 
study conducted in a small sample of AAV patients, induction 
therapy with infliximab permitted reducing GC doses and resulted 
in remission in 88% [63]. Similar data were reported by other in-
vestigators [64, 65]. In a prospective study of 14 patients with 
active AAV receiving adalimumab in combination with CP,  
11 (78.5%) patients achieved remission within 14 weeks (mean, 
12 weeks), with a reduction in the daily dose of GCs. The efficacy 
and safety of this regimen did not differ significantly from stan-
dard-of-care treatment; however, 1 patient died and 3 experienced 
infection [66]. 

IL-6 and chemokines may play a role in the pathogenesis of 
AAV [67, 68]. Tocilizumab (TCZ), an antibody against the inter-
leukin-6 (IL-6) receptor, is the first-line treatment for patients 
with giant cell arteritis [69]. P.F. Tang et al. [70] reported an 
interesting case of a patient with refractory GPA and increased 
IL-6 expression. After TCZ treatment, his symptoms improved, 
and his inflammatory marker levels, including IL-6, returned to 
normal. Similar results were obtained by A. Berti et al. [71], and 
TCZ treatment resulted in stable remission in patients with  
generalized MPA. In a prospective, single-center, cohort study of 
TCZ monotherapy for MPA, 2 (33.3%) of 6 patients achieved 
complete remission at 6 months, and 3 (50.0%) at 12 months. 
Four (66.7%) patients stopped treatment after 1 year; no relapses 
of the disease were observed for 6–15 months [72]. TCZ monother-
apy may be considered an acceptable treatment strategy for some 
patients with AAV. 

IL-5, a cytokine mainly involved in chemotaxis and activation 
of eosinophils, plays a central role in the pathogenesis of EGPA 
[73]. Monoclonal antibodies targeting IL-5 (mepolizumab, reslizum-
ab) and its receptors (benralizumab) are effective for the treatment 
of bronchial asthma with severe eosinophilia both in the blood 
and lungs. The first evidence-based guidelines for the diagnosis 
and treatment of 
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EGPA were published in Europe in 2023 [74]. Mepolizumab 
in combination with GCs is recommended for inducing remission 
in patients with relapsed and refractory EGPA without organ 
damage or other life-threatening complications (Table 2). Mean-
while, RTX, mepolizumab, or ISs in combination with GCs are 
used to maintain remission in patients with severe EGPA  
(Table 2) [74]. Currently, GCs and/or their combination with 
mepolizumab are recommended for patients with mild EGPA 
and/or recurrent respiratory symptoms [75]. After 3 years of 
treatment with mepolizumab, approximately 50% of patients may 
achieve a GC-free status, and GCs could be discontinued even in 
severe cases and ANCA-positive EGPA.75 The 2023 European 
guidelines suggest that other IL-5 or IL-5 receptor inhibitors may 
be used in patients who are refractory to mepolizumab [74].  
S. Nolasco et al. [76] reported comparable efficacy and safety of 

mepolizumab and benralizumab in patients with refractory EGPA 
treated over 24 months. Similar results were obtained in a 
multicenter, double-blind, phase III RCT in 2024 [77]. A recent 
retrospective study demonstrated that benralizumab itself is an ef-
fective steroid-sparing option for patients with EGPA and refractory 
asthma or respiratory symptoms [78], with maintenance of remission 
for up to 2 years [79]. 

Thus, a steroid-sparing strategy helps to reduce relapse rate, 
morbidity, and mortality associated with AAV treatment. Biologic 
agents increase treatment efficacy and significantly reduce  
immune-related AEs, improving compliance and offering hope to 
patients with AAV. An optimized strategy of using biologic agents 
in AAV will be the main focus of future fundamental studies 
aimed at confirming their safety and efficacy, especially during 
long-term treatment.
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