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ABSTRACT 
 

Objective. Improved biomarkers of current disease activity and prediction of relapse are 

needed in ANCA-associated vasculitis (AAV).  For clinical relevance, biomarkers must perform 

well longitudinally in patients on treatment and in patients with non-severe flares.  

Methods. Twenty-two proteins were measured in 347 serum samples from 74 patients with 

AAV enrolled in a clinical trial.  Samples were collected at month 6 after remission induction, 

then every 3 months until month 18, or at time of flare.  Associations of protein concentrations 

with concurrent disease activity and with future flare were analyzed using mixed effects models, 

Cox proportional hazards models, and conditional logistic regression. 

Results. Forty-two patients had flares during the 12-month follow-up period, and 32 remained in 

remission.  Twenty-two patients had severe flares.  Six experimental markers (CXCL13/BCA-1, 

IL-6, IL-8, IL-15, IL-18BP, and MMP-3) and ESR were associated with disease activity using all 

3 methods (P<0.05, with P<0.01 in at least 1 method).  Rise in IL-8, IL-15, or IL-18BP was 

associated temporally with flare.  Combining CRP, IL-18BP, NGAL, and sIL-2Rα improved 

association with active AAV.  CXCL13 and MMP-3 were increased during treatment with 

prednisone, independent of disease activity.  Marker concentrations during remission were not 

predictive of future flare.  

Conclusion. Serum biomarkers of inflammation and tissue damage and repair previously 

shown to be strongly associated with severe active AAV were less-strongly associated with 

active AAV in a longitudinal study that included mild flares and varying treatment.  Markers 

rising contemporaneously with flare or with improved association in combination merit further 

study.  
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ANCA-associated vasculitis (AAV) encompasses two diseases, granulomatosis with polyangiitis 

(GPA) and microscopic polyangiitis (MPA), characterized by necrotizing vasculitis of small 

vessels in multiple organs and anti-neutrophil cytoplasmic antibodies (ANCA) with specificity for 

either proteinase-3 (PR3) or myeloperoxidase (MPO) (1).  The course of disease is highly 

variable after initial treatment, and it is often difficult to determine whether a disease flare is 

occurring or whether symptoms or abnormalities in diagnostic tests are attributable to infection, 

prior damage, medication toxicities, or other causes.  Although ANCA titers and generic markers 

of inflammation (ESR and CRP) are generally associated with predicting relapse and 

distinguishing active disease from remission (2-8), their ability to do so is not sufficient to 

determine management of individual patients. 
 

Twenty-eight serum proteins were previously assessed for their ability to distinguish severe AAV 

from remission in 137 patients enrolled in the Rituximab in ANCA-Associated Vasculitis (RAVE) 

clinical trial (9).  These potential biomarkers were chosen from 108 proteins available on the 

assay platform to include 17 that had been tested previously in smaller studies, and 11 

additional proteins (limited by cost) to reflect different aspects of inflammation, injury, and repair.  

Twenty-four of these 28 markers differed significantly between severe AAV and remission, and 

also between active AAV and healthy controls.  We found that serum levels of three markers, 

CXCL13/BCA-1, matrix metalloproteinase-3 (MMP-3), and tissue inhibitor of metalloproteinases-

1 (TIMP-1), better distinguished severe AAV from remission than did the ESR or serum CRP 

levels, as measured by the areas under receiver operating characteristic curves (AUC-ROC) or 

likelihood ratios. 

 

The current study measured 22 of the 24 markers associated with severe active AAV from the 

original study in samples from 74 participants in the RAVE trial, collected longitudinally through 

month 18 after enrollment.  The goals were to i) assess the ability of individual markers to 

distinguish active AAV from remission in a setting closer to clinical practice, with a wider range 

of disease activity and treatment and more measurements during remission; ii) preliminarily 

assess the ability of those markers in combination to distinguish active AAV from remission; and 

iii) determine whether marker concentrations or changes in levels during remission were 

associated with future flare.  
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PATIENTS AND METHODS 
 
Study cohort 

The RAVE trial studied 197 patients with severe GPA or MPA, who were randomized to receive 

remission induction with a standardized regimen of glucocorticoids (GC) plus either rituximab, 

375 mg/m2 IV weekly for four treatments (RTX), or oral cyclophosphamide 2 mg/kg/day 

followed by azathioprine 2 mg/kg/day (CYC/AZA).  Induction of remission was similar in the two 

groups (10).  Relapse rates over the course of 18 months were also indistinguishable, even 

though B cell return was greater in the group that had received the single course of rituximab 

without additional maintenance therapy (11).  Serum and plasma were collected at screening (at 

which point patients had severe active vasculitis, and many but not all had recently started high-

dose GC), and at months 1, 2, 4, 6, 9, 12, 15, and 18, and additionally at the time of a flare.  

Patients who had severe flares were given the option of receiving RTX in an open-label fashion.  

Patients with mild flares were usually treated with GC alone without change in their baseline 

remission-maintenance regimens (12).  After month 18, all patients were treated according to 

the judgment of their physicians.  Data after month 18 were not used in the current study. 

 
Study design 

The study included only patients in remission at month 6.  Remission was defined as 

Birmingham Vasculitis Activity Score for Wegener Granulomatosis (BVAS/WG) =0, and active 

disease as BVAS/WG>0.  Delineation of disease activity as limited or severe was per definitions 

for BVAS/WG, in which some manifestations are automatically regarded as severe and others 

are usually considered non-severe but may be classified as severe by the investigator (13).  

Flare was defined as an increase in BVAS/WG score from the previous visit.  Data were 

reviewed to ensure that no patients with consecutive visits in remission had had flares between 

visits. 

 
The size of the current study was limited to 74 patients by cost.  Among participants in 

remission at month 6, all patients in the trial who had severe flares after month 6 were included 

(n=22).  Additional patients were selected on the basis of having been followed for at least 18 

months with complete sample collections, in order to have representation among those who 

remained in remission continuously (n=32, chosen randomly) or experienced one or more 

limited flares but no severe flares (n=20, chosen randomly).  Five of the patients who 

experienced severe flares had also experienced limited flares previously.  In almost all cases, 
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flare occurred on a baseline of remission, i.e., from BVAS/WG=0 to BVAS/WG>0.  In three 

cases, patients transitioned from limited flare to severe flare without an intervening remission.   

 
Sera were assayed from all time points between screening and month 18.  We had previously 

analyzed concentrations of biomarkers at screening and month 6 in 137 patients in RAVE (9, 

14).  The current study aimed to study the association of biomarkers with disease activity in a 

longitudinal set of samples obtained from the same trial, and to determine the relationship 

between biomarker levels and the occurrence of relapse between months 6 and 18.  We did not 

analyze the time period between enrollment and month 6 because disease activity and 

treatment were both in flux (e.g. disease improvement, tapering of prednisone) and any severe 

flare that occurred during that time would be confounded by changes in treatment.  

 
Biomarker assays 

A custom microarray platform was used, as described previously (9, 15).  Of the 28 markers in 

the previous study, 22 were included in this study, because they were strongly associated with 

severe AAV in the first study or because they were of interest in other forms of vasculitis to be 

studied separately. 

 
Other variables 

Demographic data were recorded at screening for enrollment in the clinical trial.  Receipt of 

either RTX or CYC/AZA was used in some analyses.  ESR and CRP were measured in the 

clinical labs of the participating sites at each visit.  In the trial, B cell counts (cells per µl) were 

obtained from peripheral blood by flow cytometry, and serum concentrations of MPO-ANCA and 

PR3-ANCA concentrations were measured at a central location, as previously described (7).  B 

cells were considered to be “depleted” if the count in blood was < 10 cells/µl, “detectable” if 

between 10 and 69 cells/µl, and “reconstituted” if > 69 cells/µl (16).  For this study, the data 

used for MPO-ANCA and PR3-ANCA had been obtained using the Euroimmun assay.  Current 

GC dose in mg (usually prednisone) was recorded at each visit, but for this study, GC use was 

modeled as a dichotomous variable (yes/no). 

 
Statistical analysis  
 
All markers were analyzed after natural-log transformation.  Distributions of GM-CSF, IFNγ, IL-6, 

and sIL-2Rα remained highly skewed despite transformation, and many samples had 
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undetectable concentrations, so these markers were also analyzed as dichotomous variables in 

additional mixed models (not shown), and only as dichotomous variables in Cox models.   

 
Distinguishing active vasculitis from remission 
 
No single analytical technique can accomplish the goals of adjusting for repeated measures 

within-patient, adjusting for the effects of treatment on marker levels, incorporating patients who 

remained in continuous remission as well as patients who had flares, and modeling the 

predictive ability of combinations of markers.  Therefore, multiple analytical techniques with 

complementary strengths and weaknesses were used (Table 1, Supplementary Text): mixed 

effects models, Cox proportional hazards models, and stratified conditional logistic regression.  

Mixed models and conditional logistic regression were also applied to subgroups defined by 

treatment with RTX or CYC/AZA.  Models that used data from multiple markers to predict 

disease activity were built using stratified conditional logistic regression starting with markers 

that were significantly associated with active disease individually (P<0.05).  Strength of 

association with active disease in these multivariable models was estimated by logistic 

regression, with the predictor variables being the markers' difference from that patient’s mean 

level during remission. 

 
Predicting flare 
 
Patients were classified into three groups based on disease course between months 6 and 18: 

continuous remission, occurrence of flare (any severity), or occurrence of severe flare (a subset 

of the “any severity” group).  Association of concentrations at month 6 with time to flare was 

tested using Cox proportional hazards models.  In a complementary and simpler method, 

concentrations at month 6 were also compared between groups, independent of time, using 

Wilcoxon rank sum tests.  To improve the precision of determining levels during remission, the 

means of all concentrations during remission (before severe flare) were determined for each 

patient, and means during remission were compared between groups.  These approaches were 

also used in the subsets defined by RTX or CYC/AZA treatment. 

 
Cox proportional hazard models were used to determine whether marker concentration during 

remission prior to flare differed from marker concentration during remission not immediately 

preceding flare.  Time to flare (since randomization) was the outcome, with either marker 

concentration or change in marker concentration from the previous visit as the predictor.  
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Covariates included age, sex, treatment group (RTX or CYC/AZA), new diagnosis vs. relapsing 

disease at enrollment, and PR3- vs. MPO-ANCA as a dichotomous variable. 

 
Statistical analyses were performed using SAS 9.1 or 9.3 (SAS Institute) or InStat (GraphPad).  

In light of the number of simultaneous tests, Cornfield’s rule of thumb was followed and only 

regarded P<0.01 as significant, but also report any result with P<0.05.  For research questions 

in which multiple methods were used, e.g. association with concurrently active AAV, we 

regarded findings as significant if at least one method yielded P<0.01 and the other methods 

yielded P<0.05. 

 

RESULTS 
 
Characteristics of the cohort, and summary of biomarker concentrations 

Of the 74 patients with data in this study, 41 were female and 33 were male, with median age 

51 years (interquartile range IQR 40 – 63).  Sixty-eight were self-described as white.  Thirty-five 

had new-onset disease at trial entry, and 39 had relapsing disease.  Fifty-seven patients had 

GPA, 16 had MPA, and 1 could not be classified.  Fifty-four patients had previously tested 

positive for PR3-ANCA and 20 for MPO-ANCA.  In the trial, 44 received RTX for induction 

(without re-treatment or addition of another immunosuppressive drug), and 30 received CYC for 

induction and either were being transitioned to AZA for remission-maintenance at the month 6 

visit or had already transitioned.  Median serum creatinine was 1.1 mg/dL (IQR 0.9 – 1.7).  All 

74 patients were in remission at month 6 (the first data-point for this study).  Sixty-two patients 

were off prednisone and 12 were on prednisone at month 6, either 3-10 mg (n=8) or 15-40 mg 

(n=4).  In the 42 patients who had flares, the median time to first flare was 159 days after the 

month 6 visit (IQR 91 – 215 days).  In the 22 patients with severe flares, the median time to 

severe flare was 205 days (IQR 86 – 270).  For patients who remained in remission through the 

month 18 visit, the median follow-up time after month 6 was 362 days.  Manifestations, total 

BVAS/WG score and GC dosing at flare were diverse (Supplementary File). 

 
Table 2 shows a summary of biomarker concentrations, separated by disease activity.  

Biomarker concentrations in individual patients at the time of flare are included in 

Supplementary File. 

 
Association of individual biomarker concentrations contemporaneous with relapse of vasculitis. 
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Results of the 3 analytical approaches (mixed effects models, Cox proportional hazards models, 

and stratified conditional logistic regression) were largely in agreement.  Six experimental 

markers (CXCL13/BCA-1, IL-6, IL-8, IL-15, IL-18BP, and MMP-3) and ESR were associated 

with disease activity at P<0.01 with at least one method and at P<0.05 with the other two 

methods (Table 3).  Results for CRP and sIL-2Ra were uncertain: P<0.01 with mixed models 

and P<0.05 with conditional logistic regression, but P>0.3 in Cox models.  Markers in Cox 

models showed association with active vasculitis more commonly when modeled as a change 

between the value at relapse and the previous remission value than when modeled as absolute 

marker concentrations, reinforcing the importance of adjusting for differences among individuals’ 

values at baseline (Table 3).  This analysis, which was unique in allowing inclusion of data from 

patients who remained in remission long-term, identified IL-8, IL-15, and IL-18BP as the most 

promising markers.  Since marker concentrations were ln-transformed, this analysis indicated 

that a 2.7-fold increase in any of these markers was associated with a 1.4-1.8-fold increase in 

odds of flare.  Addition of demographic and clinical covariates (age, sex, treatment group, ANCA 

specificity, new-onset or relapsing disease) to Cox models did not change association of 

markers with disease activity, and these clinical variables were not associated with disease 

activity (data not shown).  There was also evidence of a broader tendency for markers to 

increase during active disease, since at relapse estimated beta coefficients, HR, and OR were 

greater than 0 in 20-23/24 experimental markers (Table 3).  In separate analyses by treatment 

group, CXCL13/BCA were associated with active disease only in patients treated with RTX, 

whereas NGAL and osteopontin were associated with active disease only in patients treated 

with CYC/AZA (Supplementary Table 1).  With reduced numbers of patients and multiple tests, 

these results should be regarded as preliminary.  Since disease manifestations were diverse, 

and the numbers of patients with a given manifestation were low (e.g., 7 patients with renal 

flare, Supplementary File), we did not attempt to analyze biomarker data relative to 

manifestations. 

 
Restricting the analysis to severe flares (mild flares in the same individuals were excluded in 

this analysis) appeared to increase the strength of association (beta coefficient, HR, and/or OR) 

between marker concentration and disease activity in most cases, although P values often 

increased, reflecting the decrease in the number of events from 186 to 73 (Supplementary 
Table 2). 
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Use of GC was modeled as a dichotomous predictor variable in mixed models, because of the 

wide range of doses either during remission (range 2-40 mg oral prednisone, median 8 mg) and 

at the time of visit for flare (range 5-80 mg and 8 patients who received IV methylprednisolone 

1000 mg or more, Supplementary File), and uncertainty about whether high IV doses had been 

started before blood was drawn for biomarkers.  Patients were using GC at 37/60 visits during 

active disease (use not recorded for 7), and at 48/287 visits during remission (use not recorded 

for 6), usually after minor flares.  B cell levels (the best indicator of “current” rituximab treatment) 

were modeled as depleted (<10 cells/ul), re-detected (10-69 cells/ul), or reconstituted (>69 

cells/ul).  Concurrent use of GC was strongly associated with increased concentrations of 

CXCL13/BCA-1 and MMP-3 (P≤0.0001), and association of these markers with active vasculitis 

was no longer significant after adjustment for treatment (Table 3).  Concentrations of 

CXCL13/BCA-1 and MMP3 were also elevated with GC use during remission (Figure 1).  

 
Conditional logistic regression and Cox models explored whether combinations of markers 

improved the strength of association with active disease.  Because BCA-1 and MMP-3 were 

directly associated with current GC treatment, these markers were omitted from multivariable 

models.  Using conditional logistic regression, multivariable models were built starting with 

markers that were individually significant (P<0.05) and remained significant in combination with 

CRP, and then combinations of 3-5 markers were tested.  As expected, CRP, ESR, and IL-6 

were highly correlated, so it was considered counterproductive to include more than one of them 

in a model.  A combination of CRP, IL-18BP, NGAL, and sIL-2Rα was identified as a model in 

which each marker retained association with active disease.  The AUC-ROC was estimated by 

logistic regression with marker variables modeled as differences from the individual patient’s 

baseline (mean in remission) (17).  Plots of these markers give a sense of the small differences 

in marker change between active disease and remission (Supplementary Figure 1).  A 

combination of CRP, IL-18BP, NGAL, and sIL-2Rα had an AUC-ROC of 0.72, indicating modest 

accuracy (72%) despite P<0.0001 for the multivariable model and P<0.05 for each individual 

marker.  Subgroup analysis suggested better performance in patients treated with CYC/AZA 

(0.88) than in those treated with RTX (0.69).  For comparison, the AUC-ROC of CRP alone was 

0.65, and was similar in the RTX (0.65) and CYC/AZA (0.64) groups.  Combining marker 

concentrations using Cox models led to loss of statistically significant association with active 

disease for most markers (data not shown), reinforcing the need for independent validation. 
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Predicting flare: marker concentrations during remission in patients who did or did not 

experience flares later 

Among the 22 experimental proteins and the clinical markers CRP and ESR, values during 

remission specifically at month 6 were associated with time to flare for CXCL13/BCA-1 

(P=0.003), and possibly for GM-CSF and PAI-1 (0.01<P<0.05) (Table 4).  These associations 

were not strikingly different in the subgroups treated with RTX or CYC/AZA (data not shown).  In 

the full cohort, a subtle overall tendency for markers to be elevated in patients destined to flare 

was evident in that 21/24 markers had HR>1.  The value of any experimental marker specifically 

at month 6 was not convincingly associated with risk of flare by month 18 (independent of time), 

since only sTNF-R2 had 0.01<P<0.05 (Table 4).  In contrast, levels of MPO-ANCA at month 6 

were associated with risk of future flare (P=0.01) despite being limited to only 20 patients, but 

levels of PR3-ANCA were not (P=0.49).  Mean concentrations of CXCL13/BCA-1 (P=0.02 for 

any flare, P=0.007 for severe flare) and sIL-2Rα (P=0.02 for any flare, P=0.003 for severe flare) 

during all remission visits for a given patient were higher in patients who experienced flares of 

any severity (n=32) or severe flares (n=22) than in those who remained in remission through at 

least month 18 (n=42)(Table 4).  Findings for CXCL13/BCA-1 and sIL-2Rα were similar in the 

subgroups treated with RTX or CYC/AZA, with P values >0.05 in the context of small numbers 

of patients (data not shown). 

 
To determine whether a rise in marker level was detectable prior to flare, Cox analysis, with 

marker concentration as a time-varying covariate, was restricted to visits during remission that 

were immediately preceded by other visits during remission.  Groups were defined by whether 

the next visit was characterized as flare (n=29) or ongoing remission (n=122).  No significant 

(P<0.01) differences were found, and only 12/24 markers had HR>1 (Table 4). 

 
CXCL13/BCA-1, the only marker that was significantly associated with future flare in more than 

one analytical approach, showed higher concentrations in patients receiving GC at the time of 

sample collection during remission (median 61 versus 24 pg/ml in 48 and 239 samples, 

respectively, Figure 1), confounding determination of whether elevated levels during remission 

might be predictive of future flare. 

 

DISCUSSION 
 



Biomarkers of AAV 

12 
 

Serum concentrations of CXCL13/BCA-1, IL-6, IL-8, IL-15, IL-18BP, and MMP-3, as well as the 

clinical marker ESR, were confirmed as being elevated during active vasculitis across a broad 

range of disease severity and over an 18-month period.  Results were usually consistent across 

multiple analytical techniques that adjust for varying patient baselines but have different 

strengths and limitations.  Changes in IL-8, IL-15, and IL-18BP contemporaneous with flare 

were particularly promising, with a 2.7-fold increase in concentration versus the previous visit 

indicating a 1.4-1.8-fold increase in odds of flare.  A combination of CRP, IL-18BP, NGAL, and 

sIL-2Rα distinguished active disease from remission moderately well (estimated AUC-ROC of 

0.72) and would also be appropriate to test in an independent cohort.  CXCL13/BCA-1 and 

MMP-3 were elevated in patients taking GC at the time of sample collection, which could make 

their interpretation as biomarkers of active AAV difficult in patients on GC.   

 

The list of markers associated with active vasculitis was not enriched in markers that were 

recently reported as being more strongly associated with PR3-ANCA or MPO-ANCA in the 

same cohort (18).  There was no indication that levels of the 22 experimental markers, nor the 

clinical markers CRP or ESR, would be useful during clinical remission for predicting future 

disease course, but a cohort with much less than 3 months between sample collections might 

be needed in order to detect relevant trends (19).  In contrast, MPO-ANCA during remission at 

month 6 was associated with risk of future flare, which makes sense since it is a marker of 

underlying autoimmune disease rather than a marker of inflammation, injury, or repair. 

 
This study had a number of strengths and weaknesses to consider.  Strengths of this study 

include the standardized collection of clinical data by experts in the field, uniform collection and 

storage of samples, and use of rigorously-validated immunoassays.  One weakness is the 

possibility that the clinical assessor was sometimes mistaken in distinguishing mild active AAV 

from remission, but misclassification should not be so common as to drown out a strong signal.  

In order for a biomarker to show promise to improve upon available methods of assessment, it 

should first show a good association with the available gold standard, which in this case was the 

clinician’s assessment.  Another weakness is the inevitable uncertainty about how to model 

variables with highly skewed distributions (biomarkers, treatment, and disease activity), and the 

lack of a single analytical method that would accomplish all of the study goals.  It was 

reassuring that results tended to be similar with use of different methods.  Finally, in order to be 

most useful clinically, a prospective biomarker for active AAV should be tested in patients with 

bacterial or viral infections. 
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Although this study validated several markers as being associated with active AAV, the goal of 

finding generic markers of inflammation or ANCA titers that strongly reflect disease activity or 

predict future flare in AAV remains elusive.  Additional hypothesis-based studies and broader 

agnostic screens may both be useful in pursuing these goals.  Regardless, attention to the 

direct effects of treatment on marker levels will be essential, either because of blunting of 

expected increases in inflammatory mediators (20, 21) or direct effects on production or 

metabolism independent of inflammation (22). 
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FIGURE LEGENDS 

Figure 1.  Concentrations of CXCL13/BCA-1 and MMP-3 (pg/ml) in patients with ANCA-

associated vasculitis during remission, either on any dose of glucocorticoids (black bars) or off 

glucocorticoids (gray bars).  P<0.0001 for both proteins.  GC: glucocorticoids. 

Supplementary Figure 1.  Changes in concentrations of selected biomarkers during remission 

(R), mild flare, and severe (Sev) flare, in ANCA-associated vasculitis.  The y-axes represent the 

difference (Delta) from the mean during remission for that patient using ln-transformed data, so 

1 indicates a 2.72-fold difference.  Visits during remission are separated by whether a patient 

stayed in long-term remission throughout the study (LT).  
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Table 1.  Methods of analysis to test association of disease activity with biomarker concentration. 
 

Regression method 
Outcome 
variable1 

 
Predictor variables 

Within-patient 
adjustment? 

Includes continuous 
remission? 

 
Caveats 

Mixed effects Biomarker Activity +/- treatment Yes No One marker at a time 
Cox (concentration) Activity Biomarker(s) +/- covariates No Yes Selective sampling 
Cox (recent change) Activity Biomarker(s) +/- covariates No Yes Selective sampling 

Conditional logistic regression Activity Biomarker(s) Yes No  
Logistic (change from mean) Activity Biomarker(s) Yes Yes Repeated measures 

1 Biomarkers were modeled as continuous variables, and disease activity was modeled as a dichotomous variable (active or remission).  
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Table 2.  Biomarker concentrations (medians and interquartile ranges) in ANCA-associated vasculitis during active disease and remission, with 
results from a previous study shown for comparison (9).  Statistical analysis was not done to compare results, because patients in the current 
study are a non-random subset of the patients in the first study, and because of repeated measures in the current study, differing in number 
among patients. With that caveat, marker levels were likely lower during active disease in the current study than in the first study, and levels during 
remission were likely similar, and levels of many markers may have remained higher during remission (on treatment) than in controls.   

 AAV, current study, RAVE longitudinal AAV, published study, RAVE screening visit and month 6 

 Remission (287 samples 
from 74 patients) 

Active (60 samples 
from 42 patients) 

AAV active at screening visit 
(137 samples from 137 patients) 

AAV remission month 6 
(137 from 137 patients) Controls (n=68) 

ACE 170 (127;242) 167 (106;233) 105 (74;144) 178 (130;252) 97 (81;115) 
BCA-1 27 (16;50) 41 (20;89) 170 (74;489) 32 (18;56) 30 (20;45) 
CRP 5 (3;19) 7 (3;32) 12 (5;40) 5 (3;12) ND 
ESR 12 (5;24) 16 (8;36) 37 (16;60) 14 (7;22) ND 

G-CSF 11 (3.9;28) 18 (3.9;44) 20 (8.0;46) 11 (5.6;24) 7.6 (4.9;13) 
GM-CSF <1 (<1;2.6) <1 (<1;4.3) 28 (2.3;269) 1.2 (<1;5.0) 1.4 (<0.1;7.3) 

IFN <0.5 (<0.5;<0.5) <0.5 (<0.5;<0.5) <0.5 (<0.5;2.0) <0.5 (<0.5;<0.5) <0.5 (<0.5;<0.5) 
IL-6 <0.5 (<0.5;1.8) 1.3 (<0.5;5.0) 2.1 (<0.5;20) <0.5 (<0.5;0.8) <0.5 (<0.5;<0.5) 
IL-8 9.8 (4.9;22) 9.3 (2.1;56) 20 (7.3;51) 7.1 (3.6;15) 3.0 (1.3;5.2) 

IL-15 6.8 (2.1;17) 8.9 (1.8;22) 22 (7.7;109) 5.7 (2.6;14) 2.9 (2.2;4.3) 
IL-18 40 (18;82) 38 (22;99) 57 (37;101) 52 (31;86) 36 (20;61) 

IL-18BP 23 (7.9;57) 37 (9.6;92) 116 (22;768) 15 (<6;55) 14 (6.1;47) 
IP-10 11 (6.1;20) 12 (5.5;24) 11 (6.0;24) 13 (7.7;25) 3.3 (2.2;5.3) 

MMP-3 18 (10;31) 27 (13;61) 97 (47;148) 16 (12;29) 10 (7.0;16) 
NGAL 181 (107;294) 190 (116;370) 271 (176;399) 172 (129;237) 117 (92;150) 

Osteopontin 51 (29;89) 52 (28;77) 65 (39;101) 54 (38;81) 36 (30;42) 
PAI-1 2.2 (<1;4.4) 2.9 (1.2;6.4) 1.5 (<1;5.7) 1.2 (<1;4.7) 3.3 (1.1;7.2) 

PDGF-AB 3.5 (1.3;6.1) 2.9 (1.4;5.3) 4.3 (1.6;6.6) 3.3 (0.9;5.4) 8.9 (5.8;12) 
RANTES 53 (30;111) 51 (29;131) 60 (33;107) 52 (31;90) 58 (28;91) 
sICAM-1 474 (300;887) 507 (352;870) 463 (307;933) 537 (345;882) 281 (226;337) 
sIL-2Rα <2.5 (<2.5;7.1) <2.5 (<2.5;13) <2.5 (<2.5;153) <2.5 (<2.5;<2.5) <2.5 (<2.5;<2.5) 
sIL-6R 22 (16;34) 22 (16;35) 27 (21;43) 22 (15;33) 16 (12;20) 

sTNFRII 2.1 (1.2;3.8) 1.8 (1.1;3.0) 2.7 (1.3;4.9) 2.4 (1.4;5.8) 0.5 (0.3;0.7) 
TIMP-1 183 (127;291) 189 (136;366) 477 (302;862) 166 (125;233) 117 (65;163) 
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AAV: ANCA-associated vasculitis; RAVE: Rituximab in ANCA-associated Vasculitis trial.  Units are mg/L (=mcg/mL) for CRP, mm/hr for ESR, ng/ml for ACE, 
MMP-3, NGAL, osteopontin, PAI-1, PDGF-AB, RANTES, sICAM-1, sIL-6R, sTNFRII, and TIMP-1, and pg/ml for the remaining proteins, referring to the 
concentration in serum before dilution. 
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Table 3.  Association of biomarkers with active ANCA-associated vasculitis. In mixed models, marker concentration is the dependent 
variable, and disease activity (active or remission), treatment with prednisone (yes/no), and B cell status (depleted, re-detected, or 
reconstituted) are the independent variables.  In Cox models and conditional logistic regression, disease activity (active or remission) 
is the dependent variable, and marker concentrations are the independent variables. 

Marker1 
 

Mixed models2 
Mixed models, with treatment 

covariates 
Cox, marker 
concentration 

Cox, change in 
concentration 

Conditional logistic 
regression 

 β P β P P (GC) P (B) HR P HR P OR P 
ACE -0.09 0.19 -0.07 0.36 0.5 0.02 0.87 0.44 0.95 0.75 0.71 0.28 

CXCL13 / BCA-1 0.35 0.0006 0.18 0.10 0.0001 0.12 1.33 0.01 1.38 0.14 1.96 0.01 
CRP 0.64 <0.0001 0.63 0.0002 0.47 0.21 1.10 0.37 1.12 0.48 1.90 0.0005 
ESR 0.46 <0.0001 0.46 <0.0001 0.41 0.10 1.66 0.003 1.28 0.29 3.01 0.0006 

G-CSF 0.20 0.13 0.12 0.42 0.06 0.31 1.15 0.11 1.23 0.16 1.45 0.13 
GM-CSF 0.14 0.28 0.11 0.46 0.44 0.95 1.81 0.06 0.86 0.69 1.19 0.35 

IFNg 0.02 0.79 -0.15 0.11 0.01 0.001 3.66 0.06 3.58 0.18 1.11 0.76 
IL-6 0.80 <0.0001 0.57 0.001 0.65 0.0005 2.13 0.02 1.28 0.35 2.03 0.0001 
IL-8 0.46 0.008 0.37 0.06 0.34 0.68 1.21 0.09 1.44 0.009 1.38 0.02 
IL-15 0.24 0.02 0.18 0.11 0.13 0.01 1.09 0.29 1.85 0.0006 1.73 0.04 
IL-18 0.001 0.99 0.07 0.61 0.32 0.02 1.16 0.17 1.57 0.04 0.94 0.83 

IL-18BP 0.33 0.0007 0.16 0.11 0.15 0.84 1.06 0.49 1.57 0.007 2.11 0.01 
CXCL10 / IP-10 0.11 0.17 0.14 0.14 0.15 0.99 1.11 0.44 1.70 0.02 1.47 0.21 

MMP-3 0.33 0.005 0.13 0.28 <0.0001 1.0 1.26 0.10 1.34 0.05 1.71 0.02 
NGAL 0.19 0.05 0.20 0.06 0.09 0.96 1.17 0.42 1.29 0.21 1.98 0.03 

Osteopontin 0.08 0.39 0.18 0.08 0.03 0.12 1.24 0.23 1.49 0.07 1.35 0.32 
PAI-1 0.14 0.10 0.13 0.19 0.69 0.89 1.29 0.09 1.08 0.71 1.52 0.20 

PDGF-AB 0.08 0.41 0.06 0.56 0.38 0.57 1.09 0.53 1.10 0.65 1.32 0.40 
CCL5 / RANTES 0.02 0.77 0.08 0.34 0.76 0.30 1.19 0.33 1.23 0.36 1.14 0.74 

sICAM-1 0.02 0.73 0.08 0.33 0.99 0.03 1.08 0.68 1.27 0.15 1.07 0.84 
sIL-2Rα 0.45 0.001 0.28 0.08 0.99 0.03 0.75 0.35 1.34 0.40 1.55 0.03 
sIL6R 0.05 0.49 0.06 0.41 0.65 0.60 0.94 0.73 1.27 0.13 1.35 0.57 

sTNFR2 0.04 0.39 0.10 0.07 0.04 0.16 0.96 0.78 2.38 0.005 1.88 0.33 
TIMP-1 0.06 0.36 0.07 0.32 0.18 0.36 1.35 0.13 1.30 0.19 1.50 0.48 

Cox = Cox proportional hazards regression. GC = glucocorticoid use at the time of sample collection (yes/no). B = B cells (depleted, detectable, or 
reconstituted), only in the rituximab-treated group. HR = hazard ratio. OR = odds ratio.   
1 All marker values were ln-transformed for mixed models, conditional logistic regression, and most Cox models. Four markers (GM-CSF, IFNγ, IL-
6, and sIL-2Rα) were treated as dichotomous variables in Cox model, see Methods. 
2 In mixed models using ln-transformed variables, the fold-difference associated with active disease is 2.72 x β-coefficient. 
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Table 4.  Marker concentrations during remission in ANCA-associated vasculitis: association with future flare. 
 Cox proportional hazard models, time to flare Wilcoxon, flare vs no flare by month 18 

 
Concentration in 

remission at month 6 
Concentrations during remission, 
with time-varying marker values 

Concentration in 
remission at month 6 

Mean concentration per 
patient during remission 

 HR P HR P P P 
ACE 0.83 0.28 0.89 0.56 0.96 0.75 

CXCL13 / BCA-1 1.32 0.003 1.22 0.08 0.26 0.02 
CRP 1.02 0.84 1.05 0.65 0.18 0.32 
ESR 1.41 0.01 1.50 0.02 0.26 0.77 

G-CSF 1.12 0.17 1.08 0.47 0.72 0.06 
GM-CSF 1.14 0.05 1.88 0.04 0.82 0.13 

IFNγ 0.98 0.98 1.93 0.39 0.38 0.49 
IL-6 1.06 0.43 1.52 0.17 0.70 0.54 
IL-8 1.18 0.08 0.98 0.86 0.61 0.50 
IL-15 1.07 0.40 0.97 0.77 0.91 0.93 
IL-18 1.09 0.20 1.05 0.72 0.39 0.97 

IL-18BP 1.06 0.31 0.96 0.71 0.98 0.76 
CXCL10 / IP-10 1.10 0.38 0.94 0.70 0.24 0.64 

MMP-3 1.22 0.11 0.99 0.93 0.76 0.32 
NGAL 1.03 0.85 0.91 0.66 0.68 0.44 

Osteopontin 1.22 0.15 0.96 0.82 0.19 0.56 
PAI-1 1.32 0.03 1.26 0.16 0.31 0.79 

PDGF-AB 1.02 0.84 1.04 0.73 0.47 0.54 
CCL5 / RANTES 1.03 0.84 1.06 0.73 0.91 0.79 

sICAM-1 1.11 0.51 0.89 0.47 0.60 0.69 
sIL-2Rα 1.10 0.09 0.53 0.07 0.18 0.02 
sIL6R 1.02 0.94 0.80 0.11 0.99 0.93 

sTNFR2 0.92 0.48 0.82 0.19 0.03 0.05 
TIMP-1 1.16 0.35 1.12 0.55 0.06 0.50 

HR = hazard ratio. 
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Figure 1. 
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Supplementary Figure 1. 
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