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ABSTRACT

Objectives To evaluatecirculating cytokine profiles in patients with ANCA-associated
vasculitis W AAV), classified by ANCA specificity (proteinase 3 (PR3)\NCA versus
myeloperoxidase (MP@ANCA) or by clinical diagnosisgfanulomatosis with polyangiitis
(GPA) versusmicroscopic polyangiitis (MPA)

Methods: A panel of 29cytokineswas testedn 186 patientswith active AAV at inclusion ito
the Rituximab«inAAV (RAVE) trial. Cytokine concentrationsere comparedoetween groups
within each classification systenMultivariable analysesadjustedfor age, sex,and renal
insufficiencywere performepwith eachbiomarker as dependent variable alldCA specificity

and clinical diagnosis as ptanatory variables of interest.

Results Levelsof 9 circulating cytokineswere significantly higher in PRBAV than MPO-
AAV: IL-6, GM-CSF, IL-15, IL-18, CXCLS8/IL-8, CCL-17/TARC, IL-18BP, sIL-2Ra,
NGFB (p<0.05) 4 were higher in MPEAAV compared to PRBAV: sIL6R, sTNFRII, NGAL,
SICAM-1 (p<0.05) 6 were higher in GPA than MPAL-6, GM-CSF, IL-15, IL-18, slL-2Ra,
NGF3 (p<0:05) 3 were higher in MPA than GPADsteopontinsTNFRII, NGAL (p<0.05) For
nearly all cytokines, the differences between 2R3/ versusMPO-AAV were larger than that
between GPA versus MPAhe multivariate analysis showed thatgtokines(IL-15, IL-8, IL-
18Bp, NGFB, dCAM-1, TARC, Osteopontin, KIML; p<0.05) distinguished patientgth AAV
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better (lower Pvalues andarger effect sizes)when groupedoy ANCA specificity than by
clinical diagnosis.

Conclusions Distinct cytokineprofiles were identified for PRBAV versusMPO-AAV and for
GPA versussMPA. Differences in these circulatingimmune mediatorsare more strongly
associate@vith ANCA specificity than with clinical diagnosis, suggestihgt the heterogeneity
in the AAV subtypes extends beyond the clinical phenotypes.

INTRODUCTION

Antineutrophil cytoplasmi@utoantibodes (ANCA) arethe primary serologic markes of
ANCA-associated vasculitis (AAV), a group @fimary systemic necrotizing small vessel
vasculitides which includes granulomatosis with polyangiitis (GPA) amdicroscopic
polyangiitis“(MPA) (1, 2). GPA and MPA sharemany of the clinical featuresnduced by
capillaritis_Yet, it remains a matter of debatdether theyrepresenexpression®f the same
disease spectruor two distinct conditiong1). GPA differs from MPAbecause ofhe presence
of necrotizing granulomatousssueinflammation adifferent organ predilectigrandassociation
with differentANCA specificity (1).

Patients withGPA are more likely to havANCA directed against proteinase 3 (PR3)
whereagpatients withMPA more often have ANCA against myeloperoxidase (MR} there
is substantial_overlapRecent data suggest that ANG¥ecificity may associatdetter with
genetic predispositio(B8), response to therafy), relapse risk5, 6)and longterm prognosi$7)
than the clinical diagnoss, emphasizinghe clinical utility of ANCA specificity in the

classification opatients withAAV .

As for other autoimmune diseases, the role of cytokines in the pathogenesis dg AAV
now emerging(8-11). Some of theseirculating immunemediators have been shown to be

elevated impatients with severe active AAV and to decline afiteatment, distinguishing active
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AAV from remission better than conventional markers suclC-asactive protein (CRPand
erythrocytesedimentation rate (B9 (9). Even thoughevidence supporting the cléfgsation
based on ANCAspecificity is now accumulating, &pecific characterization otirculating
cytokine profiles associated with ANCA specificity or with clinical diagnosis has not yet been

performed.

Thereforg we evaluated a panel of 2%culating immune mediatorassociated with
inflammation proliferation vascularinjury, andtissue damage and repair serumsamples of
patients with active AA\tollected athe time of the patientshclusion irto alarge, prospective
clinical trialkand determined their associatiaith ANCA specificity PR3AAV versusMPO-
AAV) andclinical diagnosisGPAversusMPA).

METHODS
Patient classificationand study design

Patientsfor this study were enrolleoh the Rituximab in AAV (RAVE) trial a double
blind, double-dummycontrolled trial of 197 patients with active severe GPAr MPA
randomizedto receiveeither cyclophosphamide (CYC) followed by azathioprine (AZAy
rituximab (32)=A positive serum assay for PR& MPO-ANCA and a Birmingham Vasculitis
Activity Scere for Wegenés Granulomatosis (BVAS/WG)13) of 3 orhigherwererequired for
enrollment.Details of the trial design and the main study results Hasen publishedl2, 14)
Of the 197 subjects included in tRAVE trial, 187 hadbaseline seruravailablefor the purpose
of this study. Ongatientwas excluded from this analysis because a clinical diagnbs$A
versus MPAwas indeterminate thus data from186 patientswere included Patients were
classified by-theiRNCA specificity (PR3AAV or MPO-AAV ) andby their clinical diagnosis
(GPAor MPA) provided by the RAVE trial investigators at the timespfoliment (12).

The primaryaim of this study was to compare profiles of the selected serum biorsarker

studied within each classification systerfihe secondargim was to determingvhetherANCA.-
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basedor clinical diagnosishased classificatioshowed more significant differences in these

circulating immune mediators

Baseline disease characteristics

Disease activity was assessedilhnpatientsusingBVAS/WG, and organ manifestations
present at enrollment were recorded thg studyinvestigators all of whom wereclinicians
expert in vasculitisWe defined baseline phenotype categories (capillaritis, granulomatosis, renal
involvement;and alveola hemorrhage) based on the BVAS/WG items recorded at the time of
enrollment, aspreviously described(6). Specific clinical features of classification grouping
(ANCA specificityand clinical diagnosis) in the RAVE cohevereanalyzed in a previous study

(4).

Serum sample processingnd cytokine assays

Serumwas processed and stored at each studytk#e, shipped to a central repository
and subsequentlio Johnson laboratorgt the University of Michigan (Ann Arbor, USA). Al
samples remained frozen €80°C until the day the assays were performédpanel of 29
cytokineswas originally compiledfor their possible role as markers of disease activity and
classified roughly as moleculesinvolved in inflammation/proliferationchemokines soluble
receptors,markersof vascularinjury, or markers oftissuedamage andepair, as previously
reported (9)All assays were performesing anantibodyarray(a set of miniaturized sandwich
immunoassaysas previously describe®), except for Bcell activating factor (BAFF)which

was measureldy ELISA using monoclonal antibodies developed at Genentech.

Data processing and sttistical analysis

Data were analyzed #tte Mayo Clinic Rochester (Minnesota, USA)wo classification
systems ANCA specificity and clinical diagnosjsdefinal groups for comparisornContinuous
variables are summarized using mean+SD, or meghdnnterquartile rang@QR), and nominal
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variables are summarized using frequescandpercentages. Baseline subject characteristics
were compared between groups for each classificagistemusing the Wilcoxon rank sum test

for continuous variables and the -dguare test for nominal variabléhe Wilcoxon rank sum

test was _used to compare values e#Ech serumcytokine between groups within each
classification.systemiVe also usegarametric methodsftera lodgL0 transformatiorof values of
eachbiomarkerwith resulting values standardized to have a mean of 0 and standard deviation of
1. We ‘individually analyzed each cytokine, reporting individgalalues and confidence
intervals. Then,"we evaluated the relatigtrength of associatioof biomarkers with groups

defined usinghe two classification systems.

In order toaddress the@uestionwhetherANCA specificity (PR3ANCA versusMPO-
ANCA) and.g¢linical diagnosis (GPAersus MPA) predict the level of each cytokine, we
conducteda.multivariable linear regressiowe performedhis analyss for eachcytokine with
the given/cytokineas the dependent variable, ANGIpecificity (PR3ANCA versusMPO-
ANCA), and clinical diagnosisGPA versusMPA) asthe explanatory variablesf interest and
age,sex and renal insufficiency (GFR60mL/min/1.73m2)as covariatesinitial analyses were
performed,to,verify the absence of AN@¥4-disease interaction effectShis model approach
tries to explainthe strength of the association of each biomarktdr PR3AAV or MPO-AAV
and GPA"er"MPA .Results of thenultivariable analyses wersummarized by presenting the
respectiveeffect estimategz-score)and corresponding 95% confidence intervals for ANCA
specificityandclinical diagnosis

Differences were considered significant when p<ONlGltiple-comparisons correction
methods were not applied in parametric, 4pamametric and multivariate analgssinceeach
cytokine was analyzed separatedynd wittout considering a set of statistical inferences
simultaneously. fie twatailed pvalue for each analysis is presented in Supplementary Material.
All analyses were performed using JMP and SAS software (SAS Institute, Cary, NC).

RESULTS

Demographics andclinical featuresof patients at enrollment
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The 186 subjects included 92 male and 94 female patientawitddian agef 52 years
(IQR 4466; range 182), all of whom had severe disease: median BVAS/WG 8 (IR, 5
range 323). Among these patients24 had°PR3ANCA and 62 MPGANCA, whereasl40were
diagnosed withGPA and46 with MPA. Baseline characteristics of PRANCA versusMPO-
ANCA and.oef,GPAversusMPA are summarized iffable 1 There was substantial overlap in
clinical disease manifestations between patients classified by ANCA spgcdr clinical
diagnosis’Yet,“within each classification groupANCA specificity and clinical diagnosis),
demographi€s;“creatinine clearanaad all phenotype categories except alveolar hemorrhage
were significantly differen{p<0.05 forall comparisonsjTable 1). BVAS/WG scores were not

differently distributecacrosghe subsets.

Blood cytokine profiles between disease categories

As previously reportedeach ofthe cytokines testeat baseline in the RAVE cohort was
significantly increased compared to healthy controls (HC) exR&NTES, ACE, bFGF and
VCAM-1 (9)..Circulating cytokine profiles differed significantly betweenpatients withPR3
ANCA versusMPO-ANCA (Figure 1A, Supplementary Table ). Levels of9 proteins were
higher in=PR8AAV compared to MP&AV (IL-6, GM-CSF, IL-15, IL-18, CXCLS8/IL-8,
CCL17/TARC,IL-18BP, sIL-2Ra, NGFj3), whereas4 biomarkers were higher in MRBAV
conpared to PRAAV (SIL6R, sTNFRII, NGAL, SsiICAM-1). In contrastthe samebiomarkers
were lesoften associatedvith either GPA or MPAwhen patients were classifiedtcording to
the clinical diagnosigFigure 1A, Supplementary Table J: serum levels of6 markerswere
higher in.GRAcompared to MPAIL-6, GM-CSF, IL-15, IL-18, sIl-2Rg NGH3), and 3were
higher inlMPA*compared to GPAOsteopontinsTNFRII, NGAL). Thus,more cytokineswere
associated with, either PRBAV or MPO-AAV than with either GPA or MPAThe difference
betweerbiomarker concentrationgasalso greatefor PR3ANCA versusMPO-ANCA than for
GPA versusMPA in 9 casegFigure 1A-B). PR3AAV was the category with the highest
number ofsignificantly associated seruimiomarkers most of them with &trongerassociation

when compared to other subsdigy(ire 1, red boxes).
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We alsocomparectytokine levels amongubgroups of subjects with AAbYy combining
ANCA specificity andclinical phenotype, namely PRINCA-GPA (n=121), PRANCA-MPA
(n=3), MPOANCA-GPA (n=19), and MP&NCA-MPA (n=43). The serum levels of 10
cytokines out of 29vere significantly different between PRNCA-GPA and MPGANCA-
GPA, 2 cytokines between MPANCA-GPA and MPGANCA-MPA (i.e. KIM-1 and
Osteopontin), <and 12 cytokines between MPRECA-GPA and MPGANCA-MPA
(Supplementary Table 3.

Separationsofseytokines by ANCA specificity and clinical diagnosis

To ,evaluate how strongly each cytokiiseassociaté 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 signifidadependent
multivariable associations with ANC/Aspecificity and/or clinical diagnosigFigure 2A,
Supplementary’ Table 3, and Supplementary Figure 1). For 5 biomarkers there was a
independenassociatioronly with ANCA specificity (IL-18BP, NGF, IL-8 and 1-15 with PR3
AAV; sSICAM-1awith MPOAAYV), and for 3 biomarkers there was a significant association with
both ANCAsspecificity and clinical diagnosigOsteopontin, KIM1, TARC, all with PR3AAV
and MPA). No biomarkewasfound to have a significant association wtitle clinical diagnosis
alone.Figure 2B illustratesthe relative capacity of the two classification systems to explain the

values of all the tested biomarkeimultaneously.

DISCUSSION

The_results of this exploratory analysis conducted in patients ssitbre active AAV
suggest thatseirculating serum cytokines better reflect ANCA specificity than clinical diagnosis.
Using a panel of 29 circulatingytokineswhich individually havealreadybeenshown to be
associated with disease activityAAV or implicated in its pathanesiq8, 9), we demonstrade
that thesemoleculesare more strongly related to ANCA specificity (RRBV versusMPO-

AAV) than to clinical diagnosis (GP¥ersusMPA).
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This study identified dtinct cytokine profiles for PRAAV versusMPO-AAV and for
GPAversusMPA, with a higher number of cytokines associaaeda larger effect size in favor
of PR3AAV than MPO-AAV, GPA or MPA (Figure 1, red boxes). These findings indirectly
suggest that certain combinations of pathways might be meodved in PR3AAV than in
GPA, MPA.and MP@AAYV . For instance, signaling cascades critical for proliferation or survival
of PR3ANCA producing B cells may drive or potentially be impacted by this cytokine network
(11, 15):

Sinee different subsets of patientshowed distinctive cytokine profiles, our results
suggest thatedifferent 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 differedisease activity antteatment responsiveneds). Our
study had.lew<power to detect differences in subgroups obtained by dividing all the subjects
defined bythecombination ofANCA specificity andclinical phenotype, and we were unable to
comparecytokine levelsof the PR3ANCA-MPA subgroup becausdis subgroup comprised
only 3 patientsNevertheless, the differences observed between theARRA versus MPQO
ANCA subgroups were also seen when PRRBCA-GPA was compared to MRANCA-GPA,
consistent withsthe main observatitivat cytokine profiles are more closely related to ANCA
specificity=than' disease phenotypeurther functional studies are needed to elucidate the
interrelationships between these circulating molecules and pathophysiologic octiypeote
mechanisms in'which theyarticipate.

Thewmultivariable analysis directly comparing each classification system idergified
cytokinesseparating PR3AV from MPO-AAV, 3 of them(KIM -1, TARC, Osteopontinalso
associated with, clinical diagnosis and specifically with MPA. Intriglyi, no cytokines were
associated_only with clinical diagnosis (either GPA or MP#ius suggesting thathese
circulating. immune mediatorsare betterdistinguisted 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 maiufestittime of
first diagnosis and disagreements between experts about the application ehdddinition
schemes during the diagnostic evaluation of individual patients. In contrast, theadeotifof
ANCA specificity is readily available, and usually does not change during patiew{ofl (1).
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Our findings provide a molecular basispporting the concept of an AN@#ased classification
of AAV, which has already been showndonvey useful information abougtinical outcomes
and prognosefl, 4, 5) The difference, if existinghetweera PR3ANCA- versusMPO-ANCA-
mediated _inflammation is not yet entirely characterized, unlike for Giefsus MPA
inflammations,Histopathologicaldifferences in inflammation between GPA and MPA are
striking, and_would have suggest#itht cytokines correlate with phenotype eatthan ANCA
specificity™since serum cytokines may be consideredona fide surrogates of the
immunopatheleigal events occurring in AAV. Therefore, our findings represeatfirst formal
demonstration /of combinationsf cytokine pathwaydifferently activated in distinct AAV
subset, and particularly in ANCAbased subsetsThis study has several strengths. First, the
study cohort was recruited though a stringent clinical trial protocol at sestpert in the study
of AAV. Second, the specimens were collectealhdled,and studied using strict protocols and
the assays _penfimed in a single laboratory with laboratory personnel blinded to the group

assignment.

This studyalso has limitations tobe considexd when interpreting the findings and
implications,0f.the work. Firstwe acknowledge thahe absence of detailed data on recent
dosing ofglucoeorticoidgs a limitation.The use of glucocorticoids initiated as first treatment for
the activerdisease before blood sampling at the time of screeninthushave influenced our
resultsin individual mtients However, recent treatment was not significantly different in each
subgroup“at the screening visiTaple 1). Moreover, we had previously shown that
glucocorticoid treatment prior to obtaining the blood sarhgle no significant detectable effect
on the levels.of the majority of theytokines (9) allowing us to conclude th#te difference we
observedin. our study among distinct AAV subsets were not driven by the efféct
glucocorticeidiSecond, patients with AAV without ANCA and those with rsmvere disease
activity were excluded from the RAVE trial and our findings cartheteforebe generalized to
all patients with GPA or MPA. However, recent evidence supports that patientd Axthwho
are consistently ANCA-negative may represent different subsets of diseasi¢h different
pathogenesis (1). Third, tleomparison of GPA to MPA had lower statistical power to detect
differences than did the comparison of PRSCA to MPO-ANCA, due to the greater imbalance
in the number of patients ithe clinical diagnosisgroups However, the comparison of PR3

AAV and MPGAAYV had not only lower pvalues, but also larger estimated effect sizes tifwan
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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 studuedwere not able to
comprehensivelyinvestigate possiblenutual interactions or effects of the different cytokine
pathways, thus_ noproviding a pathophysiologic explanation olr results The biomarkers

tested were.not specifically selected to represent pathophysiologic processes considered likely to
differentiate_subsets of AAV, and a replication tbéseresults in an independent cohort of
patients” with“AAV is recommended. e understading of the reciprocal influence of these

mediatorsTideyond the scope of our study.

In coenclusion,this analysis supports the concept of an ANB#sed classification of
AAV by showing that a set of selected serum biomarkers associate nmmrglhstwith either
PR3AAV or.MPO-AAV, than with GPA or MPA. Distinct cytokine profiles were identified for
PR3AAV .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 conventioohhical classificationGPA versusMPA). Our results
provide, additional suppofor stratification of patients by ANCA specificity for treatment trials.
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FIGURE LEGENDS

Figure 1. Association of circulating cytokineswith ANCA type and AAV clinical diagnosis
subgroups.. (PR3-AAV versus MPO-AAV and GPA versus MPA). (A) Graphical
representationtof circulatingytokine profiles. The streng#of associations are represented by
colors (yellow;70.01<g0.05; orange, 0.001<p<0.01; red, p<0.001) in each classification system.

(B) Parametric analyses of theomarkergeffect size)see Methods for further information).

Footnotes:. AAV, anti-neutrophil cytoplasmic antiboeyssociated vasculitis; GPA,

granulomatous polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase; PRS,
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proteinase 3L, interleukin; BAFF, BCell ActivatingFactor; GM-CSF, granulocytemonocyte
colonystimulating factor; GCSF, granulocyte colorytimulating factor;, IFNy, interferon
gamma; BCAL, CXCL13; I8, CXCL8; IR10, CXCL10; RANTES, CCL5 (also known as
Regulated on Activation, Normal T Cell Expressed and Secreted); TARC, CCL17 (alsacaknow
thymus and.activation regulated chemokine)-8R, soluble IL 6 receptor; HL8Bp, interleukin

18 binding, protein; sIt2R, soluble IL 2 receptor; sTNRII, soluble TNF receptor II; ACE,
Angiotensineonverting enzyey NGFp, nerve growth factor f; bFGF, basic fibroblast growth
factor; KIM=17"kidney injury molecul¢; MMP-3, matrix metalloproteinasd; PDGFAB,
plateletderived growth factor, A and B subunits; TIMPtissue inhibitor of metalloproteinases
1; NGAL, netrophil gelatinaseassociated lipocalin; PAL, plasminogemctivator inhibitor1;

ICAM1, intercellular adhesion moleculle-VCAM1, vascular cell adhesion molecule-1.

Figure 2. Multivariate analysis comparing the two classification systems (PR8AV versus
MPO-AAVsand GPA versus MPA) for each cytokine. (A) The panel displays the 8 soluble
mediators 'withsa significant association with ANCA type and/or clinical diagnosis classifications
and an explanatory figure of a molecule not associated with eitheAAINEificity or clinical
diagnosis.s*shown (sTNFR II; upper left). For each biomarker, the associétioooth ANCA
specificity and clinical diagnosis is representelde Thagnitude of the difference between GPA
and MPA'is visually depicted by the dista between 2 lines, each one representing a clinical
diagnosis (dotted line for GPA and the solid line for MPA), whereas the difeetmtoeen PR3-

AAV versus:MPQAAYV is visually represented by the slope of the lines. The statistical model
forces them tdoe parallel. The direction and the grade of inclination represent the type and the
strength of the association with ANG¥pe classification, respectivelyB) Scatter plot
representing.all the serum cytokines studied, comparing the effect of ANCAxtgpés) and of
clinical diagnosis (yaxis). 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 orte:the top, the stronger it discrimesapatients by clinical diagnosis classification.
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TABLES

Table 1. Baselinecharacteristics of the 186 patients with AAV accorihg to serological and clinical classifications

Patient Features ANCA Specificity AAV Clinical Diagnosis

S PR3-AAV (124) MPO-AAV (62) p value GPA (140) MPA (46) p value
Age at diagnosis, médian (IQR) 51 (40; 60) 59 (47;71) <0.001* 51 (43; 60) 66.5 (45; 72.3) <0.001*
Male sex, number (%)7\ 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 @estation, number (%) 93 (75.0%) 23 (37.1%) <0.001* 106 (75.7%) 10 (21.7%) <0.001*
Alveolar hemorrhagenumber (%) 32 (25.8%) 13 (21.0%) 0.413 34 (24.3%) 11 (23.9%) 0.849
Any renal involvementsss 71 (57.3%) 50 (80.6%) 0.003* 83(59.3%) 38 (82.6%) 0.007*
Baseline creatinine c@mce (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 im@pressive 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 antiboelyssociated vasculitis; PR3, proteinase 3; MPO, myedaEse; GPA, granulomatous polyangiitis; MPA,

microscopic polyangiitis; BVAS/WG, Birmingham Vasculifitivity Score for Wegener's Granulomatosis; IQR, wteartile range; SD, standard deviation.

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

Capillaritis; was; defined as the presence of one or moréheffollowing BVAS/WG items: cutaneous purpura, sclenig§nal hemorhage or exudate,

sensorineuralvdeafness, hematuria, red blood cell casts on urinalysis or glometultigemcrease in creatinine level, alveolar hemorrhage, mesenteric

ischemia, "'sensory peripheral neuropathy, or motor mononeuritis multiplex. InaspnBVAS/WG items reflecting underlying necrotizing granulomatous

inflammation included mouth ulcers, retoobital mass/proptosis, bloody nasal discharge, sinus involvement, salivary glaadyesnént, subglottic

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

cord lesion. Patients were considered to have renal disease iEaalyitem on the BVAS/WG (hematuria, red blood cell casggomerulonephris, increase in
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creatinine level, or “other”) was scored. A patient was categorized as havinglatveemorrhage only if that item was scored on the BVAS/WG. All other
BVAS/WG items cannot be clearly attributed to either necrotizing granulomattamsrirdtion or capillaritis and were, therefore, not considered to categorize

the patientione way or another.
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