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ABSTRACT  

Objectives: To evaluate circulating cytokine profiles in patients with ANCA-associated 

vasculitis (AAV ), classified by ANCA specificity (proteinase 3 (PR3)-ANCA versus 

myeloperoxidase (MPO)-ANCA) or by clinical diagnosis (granulomatosis with polyangiitis 

(GPA) versus microscopic polyangiitis (MPA)).  

Methods: A panel of 29 cytokines was tested in 186 patients with active AAV at inclusion into 

the Rituximab in AAV  (RAVE) trial. Cytokine concentrations were compared between groups 

within each classification system. Multivariable analyses adjusted for age, sex, and renal 

insufficiency were performed; with each biomarker as dependent variable and ANCA specificity 

and clinical diagnosis as explanatory variables of interest. 

Results: Levels of 9 circulating cytokines were significantly higher in PR3-AAV  than MPO-

AAV: IL-6, GM-CSF, IL-15, IL-18, CXCL8/IL-8, CCL-17/TARC, IL-18BP, sIL-2Rα, 

NGFβ (p<0.05); 4 were higher in MPO-AAV compared to PR3-AAV: sIL6R, sTNFRII, NGAL, 

sICAM-1 (p<0.05); 6 were higher in GPA than MPA: IL-6, GM-CSF, IL-15, IL-18, sIL-2Rα, 

NGFβ (p<0.05); 3 were higher in MPA than GPA: Osteopontin, sTNFRII, NGAL (p<0.05). For 

nearly all cytokines, the differences between PR3-AAV versus MPO-AAV were larger than that 

between GPA versus MPA. The multivariate analysis showed that 8 cytokines (IL-15, IL-8, IL-

18Bp, NGF-β, sICAM-1, TARC, Osteopontin, KIM-1; p<0.05) distinguished patients with AAV 
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better (lower P-values and larger effect sizes) when grouped by ANCA specificity than by 

clinical diagnosis. 

Conclusions: Distinct cytokine profiles were identified for PR3-AAV versus MPO-AAV and for 

GPA versus MPA. Differences in these circulating immune mediators are more strongly 

associated with ANCA specificity than with clinical diagnosis, suggesting that the heterogeneity 

in the AAV subtypes extends beyond the clinical phenotypes.  

 

 

 

INTRODUCTION  

Antineutrophil cytoplasmic autoantibodies (ANCA) are the primary serologic markers of 

ANCA-associated vasculitis (AAV), a group of primary systemic necrotizing small vessel 

vasculitides which includes granulomatosis with polyangiitis (GPA) and microscopic 

polyangiitis (MPA) (1, 2). GPA and MPA share many of the clinical features induced by 

capillaritis. Yet, it remains a matter of debate whether they represent expressions of the same 

disease spectrum or two distinct conditions (1). GPA differs from MPA because of the presence 

of necrotizing granulomatous tissue inflammation, a different organ predilection, and association 

with different ANCA specificity (1).  

Patients with GPA are more likely to have ANCA directed against proteinase 3 (PR3), 

whereas patients with MPA more often have ANCA against myeloperoxidase (MPO), but there 

is substantial overlap. Recent data suggest that ANCA specificity may associate better with 

genetic predisposition (3), response to therapy (4), relapse risk (5, 6) and long-term prognosis (7) 

than the clinical diagnoses, emphasizing the clinical utility of ANCA specificity in the 

classification of patients with AAV .  

As for other autoimmune diseases, the role of cytokines in the pathogenesis of AAV is 

now emerging (8-11). Some of these circulating immune mediators have been shown to be 

elevated in patients with severe active AAV and to decline after treatment, distinguishing active 
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AAV from remission better than conventional markers such as C-reactive protein (CRP) and 

erythrocyte sedimentation rate (ESR) (9). Even though evidence supporting the classification 

based on ANCA specificity is now accumulating, a specific characterization of circulating 

cytokine profiles associated with ANCA specificity or with clinical diagnosis has not yet been 

performed.  

Therefore, we evaluated a panel of 29 circulating immune mediators associated with 

inflammation, proliferation, vascular injury, and tissue damage and repair in serum samples of 

patients with active AAV collected at the time of the patients’ inclusion into a large, prospective 

clinical trial and determined their association with ANCA specificity (PR3-AAV  versus MPO-

AAV) and clinical diagnosis (GPA versus MPA).  

 

 

METHODS  

Patient classification and study design 

Patients for this study were enrolled in the Rituximab in AAV (RAVE) trial, a double-

blind, double-dummy-controlled trial of 197 patients with active severe GPA or MPA 

randomized to receive either cyclophosphamide (CYC) followed by azathioprine (AZA), or 

rituximab (12). A positive serum assay for PR3- or MPO-ANCA and a Birmingham Vasculitis 

Activity Score for Wegener’s Granulomatosis (BVAS/WG) (13) of 3 or higher were required for 

enrollment. Details of the trial design and the main study results have been published (12, 14). 

Of the 197 subjects included in the RAVE trial, 187 had baseline serum available for the purpose 

of this study. One patient was excluded from this analysis because a clinical diagnosis of GPA 

versus MPA was indeterminate, thus data from 186 patients were included.  Patients were 

classified by their ANCA specificity (PR3-AAV  or MPO-AAV ) and by their clinical diagnosis 

(GPA or MPA) provided by the RAVE trial investigators at the time of enrollment (12).  

The primary aim of this study was to compare profiles of the selected serum biomarkers 

studied within each classification system. The secondary aim was to determine whether ANCA-
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based or clinical diagnosis-based classification showed more significant differences in these 

circulating immune mediators.   

 

Baseline disease characteristics  

Disease activity was assessed in all patients using BVAS/WG, and organ manifestations 

present at enrollment were recorded by the study investigators, all of whom were clinicians 

expert in vasculitis. We defined baseline phenotype categories (capillaritis, granulomatosis, renal 

involvement, and alveolar hemorrhage) based on the BVAS/WG items recorded at the time of 

enrollment, as previously described (6). Specific clinical features of classification grouping 

(ANCA specificity and clinical diagnosis) in the RAVE cohort were analyzed in a previous study 

(4).  

 

Serum sample processing and cytokine assays 

Serum was processed and stored at each study site, then shipped to a central repository 

and subsequently to Johnson laboratory at the University of Michigan (Ann Arbor, USA). All 

samples remained frozen at -80°C until the day the assays were performed. A panel of 29 

cytokines was originally compiled for their possible role as markers of disease activity and 

classified roughly as molecules involved in inflammation/proliferation, chemokines, soluble 

receptors, markers of vascular injury, or markers of tissue damage and repair, as previously 

reported (9). All assays were performed using an antibody array (a set of miniaturized sandwich 

immunoassays) as previously described (9), except for B-cell activating factor (BAFF), which 

was measured by ELISA using monoclonal antibodies developed at Genentech.  

 

Data processing and statistical analysis  

Data were analyzed at the Mayo Clinic Rochester (Minnesota, USA). Two classification 

systems, ANCA specificity and clinical diagnosis, defined groups for comparison. Continuous 

variables are summarized using mean±SD, or median and interquartile range (IQR), and nominal 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

variables are summarized using frequencies and percentages. Baseline subject characteristics 

were compared between groups for each classification system using the Wilcoxon rank sum test 

for continuous variables and the chi-square test for nominal variables. The Wilcoxon rank sum 

test was used to compare values of each serum cytokine between groups within each 

classification system. We also used parametric methods after a log10 transformation of values of 

each biomarker with resulting values standardized to have a mean of 0 and standard deviation of 

1. We individually analyzed each cytokine, reporting individual p values and confidence 

intervals. Then, we evaluated the relative strength of association of biomarkers with groups 

defined using the two classification systems.  

In order to address the question whether ANCA specificity (PR3-ANCA versus MPO-

ANCA) and clinical diagnosis (GPA versus MPA) predict the level of each cytokine, we 

conducted a multivariable linear regression. We performed this analysis for each cytokine with 

the given cytokine as the dependent variable, ANCA specificity (PR3-ANCA versus MPO-

ANCA), and clinical diagnosis (GPA versus MPA) as the explanatory variables of interest, and 

age, sex, and renal insufficiency (GFR <60mL/min/1.73m2) as covariates. Initial analyses were 

performed to verify the absence of ANCA-by-disease interaction effects. This model approach 

tries to explain the strength of the association of each biomarker with PR3-AAV or MPO-AAV 

and GPA or MPA. Results of the multivariable analyses were summarized by presenting the 

respective effect estimates (z-score) and corresponding 95% confidence intervals for ANCA 

specificity and clinical diagnosis.  

Differences were considered significant when p<0.05. Multiple-comparisons correction 

methods were not applied in parametric, non-parametric and multivariate analyses since each 

cytokine was analyzed separately and without considering a set of statistical inferences 

simultaneously. The two-tailed p-value for each analysis is presented in Supplementary Material.  

All analyses were performed using JMP and SAS software (SAS Institute, Cary, NC). 

 

RESULTS 

Demographics and clinical features of patients at enrollment 
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The 186 subjects included 92 male and 94 female patients with a median age of 52 years 

(IQR 44-66; range 15-92), all of whom had severe disease: median BVAS/WG 8 (IQR 5-10, 

range 3-23). Among these patients, 124 had PR3-ANCA and 62 MPO-ANCA, whereas 140 were 

diagnosed with GPA and 46 with MPA. Baseline characteristics of PR3-ANCA versus MPO-

ANCA and of GPA versus MPA are summarized in Table 1. There was substantial overlap in 

clinical disease manifestations between patients classified by ANCA specificity or clinical 

diagnosis. Yet, within each classification group (ANCA specificity and clinical diagnosis), 

demographics, creatinine clearance, and all phenotype categories except alveolar hemorrhage 

were significantly different (p<0.05 for all comparisons) (Table 1). BVAS/WG scores were not 

differently distributed across the subsets.  

 

Blood cytokine profiles between disease categories 

As previously reported, each of the cytokines tested at baseline in the RAVE cohort was 

significantly increased compared to healthy controls (HC) except RANTES, ACE, bFGF and 

VCAM-1 (9). Circulating cytokine profiles differed significantly between patients with PR3-

ANCA versus MPO-ANCA (Figure 1A, Supplementary Table 1). Levels of 9 proteins were 

higher in PR3-AAV  compared to MPO-AAV  (IL-6, GM-CSF, IL-15, IL-18, CXCL8/IL-8, 

CCL17/TARC, IL-18BP, sIL-2Rα, NGFβ), whereas 4 biomarkers were higher in MPO-AAV 

compared to PR3-AAV ( sIL6R, sTNFRII, NGAL, sICAM-1). In contrast, the same biomarkers 

were less often associated with either GPA or MPA when patients were classified according to 

the clinical diagnosis (Figure 1A, Supplementary Table 1): serum levels of 6 markers were 

higher in GPA compared to MPA (IL-6, GM-CSF, IL-15, IL-18, sIL-2Ra, NGFβ), and 3 were 

higher in MPA compared to GPA (Osteopontin, sTNFRII, NGAL). Thus, more cytokines were 

associated with either PR3-AAV or MPO-AAV than with either GPA or MPA. The difference 

between biomarker concentrations was also greater for PR3-ANCA versus MPO-ANCA than for 

GPA versus MPA in 9 cases (Figure 1A-B). PR3-AAV was the category with the highest 

number of significantly associated serum biomarkers, most of them with a stronger association 

when compared to other subsets (Figure 1, red boxes).  
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We also compared cytokine levels among subgroups of subjects with AAV by combining 

ANCA specificity and clinical phenotype, namely PR3-ANCA-GPA (n=121), PR3-ANCA-MPA 

(n=3), MPO-ANCA-GPA (n=19), and MPO-ANCA-MPA (n=43). The serum levels of 10 

cytokines out of 29 were significantly different between PR3-ANCA-GPA and MPO-ANCA-

GPA, 2 cytokines between MPO-ANCA-GPA and MPO-ANCA-MPA (i.e. KIM-1 and 

Osteopontin), and 12 cytokines between PR3-ANCA-GPA and MPO-ANCA-MPA 

(Supplementary Table 2).  

 

Separation of cytokines by ANCA specificity and clinical diagnosis 

To evaluate how strongly each cytokine is associated with either ANCA specificity or 

clinical diagnosis, a multivariable analysis directly comparing each classification system was 

performed. From this analysis 8 biomarkers were found to have significant independent 

multivariable associations with ANCA specificity and/or clinical diagnosis (Figure 2A, 

Supplementary Table 3, and Supplementary Figure 1). For 5 biomarkers there was an 

independent association only with ANCA specificity (IL-18BP, NGF, IL-8 and IL-15 with PR3-

AAV; sICAM-1 with MPO-AAV), and for 3 biomarkers there was a significant association with 

both ANCA specificity and clinical diagnosis (Osteopontin, KIM-1, TARC, all with PR3-AAV 

and MPA). No biomarker was found to have a significant association with the clinical diagnosis 

alone. Figure 2B illustrates the relative capacity of the two classification systems to explain the 

values of all the tested biomarkers simultaneously.  

 

DISCUSSION 

The results of this exploratory analysis conducted in patients with severe active AAV 

suggest that circulating serum cytokines better reflect ANCA specificity than clinical diagnosis. 

Using a panel of 29 circulating cytokines which individually have already been shown to be 

associated with disease activity of AAV  or implicated in its pathogenesis (8, 9), we demonstrated 

that these molecules are more strongly related to ANCA specificity (PR3-AAV  versus MPO-

AAV) than to clinical diagnosis (GPA versus MPA). 
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This study identified distinct cytokine profiles for PR3-AAV versus MPO-AAV and for 

GPA versus MPA, with a higher number of cytokines associated and a larger effect size in favor 

of PR3-AAV than MPO-AAV, GPA or MPA (Figure 1, red boxes). These findings indirectly 

suggest that certain combinations of pathways might be more involved in PR3-AAV than in 

GPA, MPA and MPO-AAV . For instance, signaling cascades critical for proliferation or survival 

of PR3-ANCA producing B cells may drive or potentially be impacted by this cytokine network 

(11, 15). 

Since different subsets of patients showed distinctive cytokine profiles, our results 

suggest that different targeted treatment approaches could be evaluated separately in clinical 

trials for the different subsets of AAV, similar to other autoimmune diseases in which different 

cytokine profiles correspond to different disease activity and treatment responsiveness (16). Our 

study had low power to detect differences in subgroups obtained by dividing all the subjects 

defined by the combination of ANCA specificity and clinical phenotype, and we were unable to 

compare cytokine levels of the PR3-ANCA-MPA subgroup because this subgroup comprised 

only 3 patients. Nevertheless, the differences observed between the PR3-ANCA versus MPO-

ANCA subgroups were also seen when PR3-ANCA-GPA was compared to MPO-ANCA-GPA, 

consistent with the main observation that cytokine profiles are more closely related to ANCA-

specificity than disease phenotype. Further functional studies are needed to elucidate the 

interrelationships between these circulating molecules and pathophysiologic or protective 

mechanisms in which they participate.  

The multivariable analysis directly comparing each classification system identified 8 

cytokines separating PR3-AAV from MPO-AAV , 3 of them (KIM -1, TARC, Osteopontin) also 

associated with clinical diagnosis and specifically with MPA. Intriguingly, no cytokines were 

associated only with clinical diagnosis (either GPA or MPA), thus suggesting that these 

circulating immune mediators are better distinguished by ANCA specificity rather than by 

clinical diagnosis. In clinical practice, establishing an unequivocal diagnosis of GPA or MPA is 

often challenging for a variety of reasons including incomplete disease manifestations at time of 

first diagnosis and disagreements between experts about the application of different definition 

schemes during the diagnostic evaluation of individual patients. In contrast, the identification of 

ANCA specificity is readily available, and usually does not change during patient follow-up (1). 
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Our findings provide a molecular basis supporting the concept of an ANCA-based classification 

of AAV, which has already been shown to convey useful information about clinical outcomes 

and prognoses (1, 4, 5). The difference, if existing, between a PR3-ANCA- versus MPO-ANCA-

mediated inflammation is not yet entirely characterized, unlike for GPA versus MPA 

inflammation. Histopathological differences in inflammation between GPA and MPA are 

striking, and would have suggested that cytokines correlate with phenotype rather than ANCA 

specificity since serum cytokines may be considered bona fide surrogates of the 

immunopathological events occurring in AAV. Therefore, our findings represent the first formal 

demonstration of combinations of cytokine pathways differently activated in distinct AAV  

subsets, and particularly in ANCA-based subsets.  This study has several strengths. First, the 

study cohort was recruited though a stringent clinical trial protocol at centers expert in the study 

of AAV. Second, the specimens were collected, handled, and studied using strict protocols and 

the assays performed in a single laboratory with laboratory personnel blinded to the group 

assignment.   

This study also has limitations to be considered when interpreting the findings and 

implications of the work. First, we acknowledge that the absence of detailed data on recent 

dosing of glucocorticoids is a limitation. The use of glucocorticoids initiated as first treatment for 

the active disease before blood sampling at the time of screening may thus have influenced our 

results in individual patients. However, recent treatment was not significantly different in each 

subgroup at the screening visit (Table 1). Moreover, we had previously shown that 

glucocorticoid treatment prior to obtaining the blood sample had no significant detectable effect 

on the levels of the majority of the cytokines (9), allowing us to conclude that the differences we 

observed in our study among distinct AAV subsets were not driven by the effect of 

glucocorticoid. Second, patients with AAV without ANCA and those with non-severe disease 

activity were excluded from the RAVE trial and our findings cannot therefore be generalized to 

all patients with GPA or MPA. However, recent evidence supports that patients with AAV  who 

are consistently ANCA-negative may represent different subsets of disease with different 

pathogenesis (1). Third, the comparison of GPA to MPA had lower statistical power to detect 

differences than did the comparison of PR3-ANCA to MPO-ANCA, due to the greater imbalance 

in the number of patients in the clinical diagnosis groups. However, the comparison of PR3-

AAV and MPO-AAV had not only lower p-values, but also larger estimated effect sizes than the 
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comparison by clinical diagnosis, highlighting the strength of our findings. Finally, given the 

non-comprehensive and relatively limited number of cytokines studied, we were not able to 

comprehensively investigate possible mutual interactions or effects of the different cytokine 

pathways, thus not providing a pathophysiologic explanation of our results. The biomarkers 

tested were not specifically selected to represent pathophysiologic processes considered likely to 

differentiate subsets of AAV, and a replication of these results in an independent cohort of 

patients with AAV is recommended. The understanding of the reciprocal influence of these 

mediators is beyond the scope of our study. 

In conclusion, this analysis supports the concept of an ANCA-based classification of 

AAV by showing that a set of selected serum biomarkers associate more strongly with either 

PR3-AAV or MPO-AAV, than with GPA or MPA. Distinct cytokine profiles were identified for 

PR3-AAV versus MPO-AAV and for GPA versus MPA. Differences in these circulating 

immune mediators are more strongly associated with ANCA specificity than with clinical 

diagnosis, suggesting that the heterogeneity in the AAV subtypes extends beyond the clinical 

phenotypes identified by the conventional clinical classification (GPA versus MPA). Our results 

provide additional support for stratification of patients by ANCA specificity for treatment trials. 
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FIGURE LEGENDS 

Figure 1. Association of circulating cytokines with ANCA type and AAV clinical diagnosis 

subgroups (PR3-AAV versus MPO-AAV and GPA versus MPA). (A) Graphical 

representation of circulating cytokine profiles. The strengths of associations are represented by 

colors (yellow, 0.01<p ≤0.05; orange, 0.001<p≤0.01; red, p≤0.001) in each classification system. 

(B) Parametric analyses of the biomarkers (effect size) (see Methods for further information).   

 

Footnotes: AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; GPA, 

granulomatous polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase; PR3, 
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proteinase 3; IL, interleukin; BAFF, B-Cell Activating Factor; GM-CSF, granulocyte–monocyte 

colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; IFNγ, interferon 

gamma; BCA-1, CXCL13; IL-8, CXCL8; IP-10, CXCL10; RANTES, CCL5 (also known as 

Regulated on Activation, Normal T Cell Expressed and Secreted); TARC, CCL17 (also known as 

thymus and activation regulated chemokine); sIL-6R, soluble IL 6 receptor; IL-18Bp, interleukin 

18 binding protein; sIL-2R, soluble IL 2 receptor; sTNF-RII, soluble TNF receptor II; ACE, 

Angiotensin-converting enzyme; NGFβ, nerve growth factor β; bFGF, basic fibroblast growth 

factor; KIM-1, kidney injury molecule-1; MMP-3, matrix metalloproteinase-3; PDGF-AB, 

platelet-derived growth factor, A and B subunits; TIMP-1, tissue inhibitor of metalloproteinases-

1; NGAL, neutrophil gelatinase-associated lipocalin; PAI-1, plasminogen activator inhibitor-1; 

ICAM1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1. 

 

Figure 2. Multivariate analysis comparing the two classification systems (PR3-AAV versus 

MPO-AAV and GPA versus MPA) for each cytokine. (A) The panel displays the 8 soluble 

mediators with a significant association with ANCA type and/or clinical diagnosis classifications  

and  an explanatory figure of a molecule not associated with either ANCA specificity or clinical 

diagnosis is shown (sTNFR II; upper left). For each biomarker, the association with both ANCA 

specificity and clinical diagnosis is represented. The magnitude of the difference between GPA 

and MPA is visually depicted by the distance between 2 lines, each one representing a clinical 

diagnosis (dotted line for GPA and the solid line for MPA), whereas the difference between PR3-

AAV versus MPO-AAV is visually represented by the slope of the lines. The statistical model 

forces them to be parallel. The direction and the grade of inclination represent the type and the 

strength of the association with ANCA-type classification, respectively. (B) Scatter plot 

representing all the serum cytokines studied, comparing the effect of ANCA type (x-axis) and of 

clinical diagnosis (y-axis). The more a biomarker is skewed to the left or to the right, the stronger 

it discriminates patients by ANCA type classification, the more a biomarker is skewed to the 

bottom or to the top, the stronger it discriminates patients by clinical diagnosis classification. 
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TABLES 

Table 1. Baseline characteristics of the 186 patients with AAV according to serological and clinical classifications 

Patient Features ANCA Specificity AAV Clinical Diagnosis 

 PR3-AAV (124) MPO-AAV (62) p value GPA (140) MPA (46) p value 

Age at diagnosis, median (IQR) 51 (40; 60) 59 (47;71) <0.001* 51 (43; 60) 66.5 (45; 72.3) <0.001* 

Male sex, number (%) 70 (56.5%) 22 (35.4) 0.004* 75 (53.6%) 16 (34.8%) 0.047* 

Any capillaritis’ manifestation, number (%)  98 (79.0%) 60 (96.8%) 0.002* 112 (80.0%) 45 (97.8%) 0.016* 

Any granulomatous manifestation, number (%)  93 (75.0%) 23 (37.1%) <0.001* 106 (75.7%) 10 (21.7%) <0.001* 

Alveolar hemorrhage, number (%) 32 (25.8%) 13 (21.0%) 0.413 34 (24.3%) 11 (23.9%) 0.849 

Any renal involvement  71 (57.3%) 50 (80.6%) 0.003* 83 (59.3%) 38 (82.6%) 0.007* 

Baseline creatinine clearance (mL/min), median (IQR) 92.1 (64.0; 121.5) 50.26 (30.2; 73.71) <0.001* 91.1 (58.7; 121.4) 46.6 (29.9; 71.6) <0.001* 

Steroid and/or immunosuppressive treatment at screening 64 (51.6%) 34 (54.8%) 0.802 70 (50.0%) 28 (60.9%) 0.266 

Baseline BVAS/WG score, median (IQR) 8 (5; 10) 8 (6;10) 0.867 8 (5; 10) 7 (5; 9) 0.141 

 

AAV, anti-neutrophil cytoplasmic antibody-associated vasculitis; PR3, proteinase 3; MPO, myeloperoxidase; GPA, granulomatous polyangiitis; MPA, 

microscopic polyangiitis; BVAS/WG, Birmingham Vasculitis Activity Score for Wegener's Granulomatosis; IQR, inter-quartile range; SD, standard deviation. 

See the Methods section for the definition of the clinical phenotype categories.   

Capillaritis was defined as the presence of one or more of the following BVAS/WG items: cutaneous purpura, scleritis, retinal hemorrhage or exudate, 

sensorineural deafness, hematuria, red blood cell casts on urinalysis or glomerulonephritis, increase in creatinine level, alveolar hemorrhage, mesenteric 

ischemia, sensory peripheral neuropathy, or motor mononeuritis multiplex. In contrast, BVAS/WG items reflecting underlying necrotizing granulomatous 

inflammation included mouth ulcers, retro-orbital mass/proptosis, bloody nasal discharge, sinus involvement, salivary gland enlargement, subglottic 

inflammation, conductive deafness, other major or minor ear/nose/throat involvement, pulmonary nodule/cavity, endobronchial involvement, meningitis, and 

cord lesion. Patients were considered to have renal disease if any renal item on the BVAS/WG (hematuria, red blood cell casts or glomerulonephritis, increase in 
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creatinine level, or “other”) was scored. A patient was categorized as having alveolar hemorrhage only if that item was scored on the BVAS/WG. All other 

BVAS/WG items cannot be clearly attributed to either necrotizing granulomatous inflammation or capillaritis and were, therefore, not considered to categorize 

the patient one way or another.  
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