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ABSTRACT

Background. The value of myeloperoxidase and proteinase 3 antibodies titers in the assessment 

of renal disease activity and flare prediction in patients with ANCA-associated-vasculitis (AAV) 

is not well-known. 

Methods. Retrospective study including 113 AVV patients with a renal biopsy-proven pauci-

immune necrotizing glomerulonephritis from seven Spanish hospitals. The main inclusion criteria 

were assessment of MPO antibodies (MPOab) using multiplex flow immunoassay and PR3 

antibodies (PR3ab) measurements using immunoassay chemiluminescence with an identical 

range of values for all participating centers. 

Results. Serum MPOab, 3±1.2 months before relapse, was higher in patients who relapsed 

(19.2±12.2 vs 3.2±5.1 AI, p<0.001). The discrimination value of MPOab 3 months before renal 

relapse had an AUC of 0.82 (95%CI 0.73-0.92; p<0.001). ΔMPOab (change in antibodies titration 

6 months before relapse) was higher in patients who relapsed [8.3±12 vs 0.9±3.1 AI, p=0.001) 

(AI; antibody index unit). The discrimination value of ΔMPO had an AUC of 0.76 (95%CI 0.63-

0.88; p<0.001). The positive predictive value of renal relapse in PR3 patients is 100% and the 

negative predictive value of renal relapse in patients with PR3 positive titers is 57.1%. Serum 

PR3ab was higher in patients who relapsed 2.8±1.4 months before relapse (58.6±24.6 vs 2.0±0.6 

AI, p<0.001). 

Conclusions. MPO antibody level monitorization using multiplex flow immunoassay and PR3 

measurements using immunoassay chemiluminescence are useful and sensitive tools for the 

prediction of renal relapse in the follow-up of AAV patients with renal disease, and relevant 

surrogate markers of renal disease activity.

Keywords: ANCA-associated vasculitides, myeloperoxidase antibodies, pauci-immune 

necrotizing glomerulonephritis flare, proteinase-3 antibodies
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KEY LEARNING POINTS

What is already known about this subject?

After patients with ANCA-associated-vasculitis have reached remission, the most important 

question is how to prevent a relapse most effectively.

The diagnostic utility of ANCA testing in ANCA-associated-vasculitis (AAV) is now undisputed, 

but the clinical utility of serial ANCA testing to predict relapses remains controversial.

Studies on the relevance of serum myeloperoxidase antibodies (MPOab) and proteinase 3 

antibodies (PR3ab) assessment in the management of AAV need to be done.

What this study adds?

Serum MPOab 3 months before relapse is higher in patients who relapsed than in stable ones. The 

change in MPOab titration 6 months before relapse was also higher in patients who relapsed. 

Serum PR3ab 3 months before relapse was higher in patients who relapsed than in stable ones. 

The positive predictive value of serum PR3ab for renal relapse in PR3 patients is 100% and the 

negative predictive value of renal relapse in patients with PR3 positive titers is 57.1%. 

What impact this may have on practice or policy?

MPOab and PR3ab monitorization, are useful and sensitive tools for the prediction of renal relapse 

in the follow-up of AAV patients with renal disease, and relevant surrogate markers of renal 

disease activity.

Clinical nephrology units may adopt these biomarkers to follow these AAV patients more 

efficiently.
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INTRODUCTION 

The primary systemic vasculitides are a group of rare disorders defined by inflammation of the 

blood vessel walls, which are classified according to their clinical and histological features and 

the size of the predominantly affected vessels1. Some vasculitides are associated with the presence 

of antineutrophil cytoplasmic antibodies (ANCA), which are a useful tool for the diagnosis of 

disease2. Antiproteinase 3 antibodies (PR3) are present in more than 90% of patients with 

granulomatosis with polyangiitis (GPA) while antimyeloperoxidase (MPO) antibodies are found 

in 80% of patients with microscopic polyangiitis (MPA) and 40-60% of those with eosinophilic 

granulomatosis with polyangiitis (EGPA)1 3 4 5, called ANCA associated vasculitides (AAV)3.

The discovery of ANCA in the 1980s has kindled three decades of intense collaborative clinical 

and translational research in vasculitis6 7. These efforts have generated a better understanding of 

the pathogenesis of the various forms of vasculitis, modifications of nomenclature and 

classification reflecting these advances, and most important, better-tolerated treatment 

approaches tailored more specifically to patient´s disease presentation8 9 10 11. The diagnostic 

utility of ANCA testing is now undisputed, but the clinical utility of serial ANCA testing to predict 

relapses remains controversial12. A recent meta-analysis calculated a pooled positive likelihood 

ratio of 2.8 (95% CI 1.7 to 4.9), concluding that serial ANCA measurements are of limited value12. 

Kemna et al.13 showed that serially measuring ANCA was useful in patients with renal 

involvement but is less valuable in patients with the non-renal disease. To date, studies on the use 

of serial ANCA titer determinations have not provided clear answers applicable to all patients. 

Treatment decisions based on ANCA titer changes alone without consideration of other clinical 

parameters are not advised 12. The detection of autoantibodies reacting with PR3 or MPO 

generating characteristic cytoplasmic or perinuclear immunofluorescence staining patterns on 

ethanol-fixed neutrophils, respectively, have strong positive predictive value for one of the classic 

ANCA-associated vasculitis syndromes, granulomatosis with polyangiitis (GPA), microscopic 
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polyangiitis (MPO), or eosinophilic granulomatosis with polyangiitis (EGPA), when occurring in 

an appropriate clinical setting. 

After patients have reached remission, the most important question is how to prevent a relapse 

most effectively, as each relapse is associated with a substantial risk of cumulative iatrogenic and 

disease-related morbidity14. Recent randomized controlled trials have shown that the likelihood 

of achieving remission with a given drug regimen is the same whether the disease represents a 

new diagnosis or a relapse12 15, subsequent relapses seem to be less severe, presumably because 

they are recognized more readily16 17.  As shown in a recent study from the Vasculitis Clinical 

Research Consortium, an increase in the patient global assessment tool, which captures how 

patients judge their disease activity, often precedes the detection of disease activity by the 

physician by at least 3 months11. However, studies are controversial in the setting of PR3-AAV 

whereas, in MPO-AAV, data are limited18 19 20. The reappearance of MPO antibodies after 

achieving negative levels is associated with relapse (not only renal relapse), and MPO antibodies 

show a positive predictive value of 90% and a negative predictive value of 94% for systemic 

relapse of vasculitis21. In this study, one of the main objectives is to check the new MPO/PR3 

testing methods, actually used in different laboratories, we included multiplex flow immunoassay 

for MPO and PR3 measurements using immunoassay chemiluminescence.  An international 

consensus on the appropriate detection of ANCA requires that screening for MPO- and PR3-

ANCA should be performed by indirect immunofluorescence (IIF) and positive results to be 

confirmed by enzyme-linked immunosorbent assays (ELISA) specific for MPO and PR322 23. 

Although IIF remains to be the standard method for MPO/PR3 testing, it is expensive, labor-

intensive, and variable results can be obtained with different assay kits and laboratory operators, 

due to these factors, many laboratories are moving away from the IIF method, other 

immunoassays, in comparison, are operator-independent, easily automated and offer higher 

specificity 24. Over the past decade, several immunoassays have been approved by the Food and 

Drug Administration (FDA) for the measurement of MPO-ANCA and PR3-ANCA, including 
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bead-based fluorescent assay platforms, like multiplex flow immunoassay for MPO and 

immunoassay chemiluminescence for PR3.

This study aimed to analyze the relevance of serum MPO and PR3 antibody levels measured 

assessment, using flow immunoassay for MPO and immunoassay chemiluminescence for PR3, 

in the management of AAV. We sought to determine whether MPO and PR3 antibody levels 

correlated with renal disease activity and whether an increase could predict a nephritis flare in 

patients with previous renal vasculitis disease.

MATERIALS AND METHODS

Study population

171 AAV patients with renal involvement were included from 7 nephrology departments 

belonging to the Spanish Glomerular Study Group (GLOSEN) (2008-2018). This study was 

adhered to the Principles of Helsinki Declaration and was approved by the Ethical Committee at 

the study coordinating center, Parc de Salut Mar, Barcelona (2018/8072/I).

Inclusion criteria were: age >18 years, diagnosis of AAV with renal involvement, measurements 

of MPO were using multiplex flow immunoassay, and PR3 measurements were using 

immunoassay chemiluminescence with an identical range of normal values for all participants 

centers. All patients included should be in complete renal remission of the first nephritis 

vasculitides flare. 

Patients were excluded if required serial values of MPO and PR3 antibodies were not available 

during the study follow-up. 

Renal involvement at diagnosis was determined by a renal biopsy showing pauci-immune 

necrotizing glomerulonephritis9 and satisfied the criteria defined by the American College of 

Rheumatology and Chapel Hill Consensus. Remission was defined as the absence of disease 

activity attributable to active disease during maintenance immunosuppressive therapy of a 
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prednisone dose ≤7.5 mg25, while for a renal relapse, the (re) occurrence of hematuria in 

combination with a rise in serum creatinine of 25% was required to be characterized as a major 

relapse26 27. Renal biopsy was mandatory for the diagnosis of renal involvement at nephritis flare 

diagnosis, while it was not necessary for assessing next renal flares28 . Hematuria was assessed 

using urine sediment analysis and was defined as the presence of 5 or more red blood cells (RBCs) 

per high-power field in 3 consecutive centrifuged specimens obtained 1 week apart.

We used the Birmingham Vasculitis Activity Score for Granulomatosis with Polyangiitis 

(BVAS/GPA)29 to assess disease activity (version 3; scores range from 0 to 68) with a score 

indicating the absence of disease activity and higher scores indicating increasingly active disease).

Patient´s medical records were retrospectively reviewed and data were collected using a 

standardized form. Clinical and biological data (including MPO and PR3 serum antibodies levels) 

were recorded for each patient at each visit during follow-up, from the moment when the patient 

reached complete renal remission of diagnosis flare until a second renal relapse occurred or until 

the end of follow-up. 

MPO/PR3 measurements techniques

MPO assay used multiplex bead technology, briefly, after incubation with patient serum, the 

coated microbeads are washed and bound patient antibodies were quantified by the binding of 

phycoerythrin-conjugated murine monoclonal anti-human IgG. Data acquisitions were calculated 

as relative fluorescence ratio using an internal standard bead. The ratio of fluorescence was 

compared to a calibration curve to determine analyte concentration30. PR3 chemiluminescent 

immunoassay was a variation of the standard enzyme immunoassay (EIA) which is a biochemical 

technique used in immunology. During EIA the process uses enzyme-labeled antibodies that bind 

a specific antigen, the enzymes used to convert a substrate to a reaction product, which emits a 

photon of light instead of developing a particular color. Units are expressed in AI (antibody index 

unit).31 Multiplex testing platform used in the majority of the hospitals were BioPlex2200 ® and 

Luminex®. 
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Statistical analysis

Descriptive analysis included the absolute frequencies for qualitative variables as well as the mean 

and standard deviation (SD) for quantitative variables. Continuous quantitative variables, named 

ΔMPO and ΔPR3 to reflect the changes in MPO and PR3 serum concentrations during six months 

before renal relapse were calculated. Bivariate comparisons of subjects who did or did not develop 

AAV renal relapse were made using t-tests, and univariate receiver-operating characteristic 

(ROC) curve analysis was performed to determine whether MPO or PR3 antibodies serum 

concentrations predicted AAV renal relapse and the predictive value of MPO/PR3 for AAV renal 

relapse. ROC curves were considered statistically significant if the 95% CI of the area under the 

ROC curve (AUC) did not overlap 0.5. Optimal cutoff points were determined by Youden criteria: 

sample point that maximizes the Youden index (sensitivity + specificity -1). Statistical tests were 

performed in SPSS software, v 21, Chicago, IL, USA. 

RESULTS 

Patient characteristics

171 ANCA vasculitis associated-patients (AAV) with a renal biopsy-proven pauci-immune 

necrotizing glomerulonephritis, were included in the study, and 113 of them, fulfilled the 

inclusion criteria. The patient flow chart was described in Figure 1. The main clinical and 

characteristics of the 113 patients were described in Table 1. The study population, 59 women 

and 54 men with a mean age of 64.3±14.8 years were constituted by 85 (72.2%) patients with 

antimyeloperoxidase-associated vasculitis (MPO-AAV) and 28 (24.8%) patients with 

antiproteinase 3-associated vasculitis (PR3-AAV). All patients were in complete remission of the 

first renal vasculitides flare. 

No differences between relapse and non-relapse patients were found in gender, age, ANCA 

pattern, and PR3 antibody level, at the moment of diagnosis of first renal flare. The mean MPO 

antibody level was higher at baseline in non-relapse patients, with marginal significance.
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After a mean follow-up of 5±4.8 years, 54 renal relapses were occurred in 38 (70.3%) MPO-AAV 

patients and 16 (29.6%) PR3-AAVpatients. The time course of MPO/PR3 antibodies levels and 

the clinical outcomes of the patients were summarized in Figure 2. Most of the renal relapses were 

diagnosed through analytical and clinical parameters (47; 87.1%), a renal biopsy was performed 

in case of diagnosis doubt in 7 (17.5%) patients. Clinical characteristics in nephritis flare were 

described in Table 1. In 28 (73.6%) MPO-AAV relapser-patients, the main clinical manifestation 

was renal-limited vasculitis followed by 10 (26.5%) patients with hematological manifestations 

(anemia) and arthralgias besides renal flare.  In relapser-patients, serum creatinine (Screat) after 

achieving renal remission of first nephritis flare was 1.8±1.3 mg/dl, worsening in renal relapse to 

Screat 3.2±2.7 mg/dl, proteinuria/24hours 1.2±1.7 gr/24hours; hematuria (re)appeared in 100% 

of the patients, 12 of them (22.2%) gross hematuria was seen at flare; finally,  BVAS at renal flare 

was 17±6.

Treatment and renal relapse

Treatment of nephritis in diagnosis flare depends on the standard of care treatment for each 

nephrology department. Induction treatment was as follows: corticosteroids in different tapering 

regimens (100%) and immunosuppressive drugs: 70 (67.3%) AAV-patients received 

cyclophosphamide, 20 (19.2%) rituximab, 9 (8.7%) azathioprine, and 3 (2.9%) patients received 

mycophenolate mofetil. In addition to an immunosuppressive regimen, 32 (59%) patients were 

treated with plasma exchange. Maintenance therapy was as follows: 63 (61.7%) AAV-patients 

received azathioprine, 16 (15.6%) mycophenolate mofetil, and 23 (22.5%) AAV-patients were 

treated with rituximab. No significant differences were found in immunosuppressive induction 

treatment between relapser and non-relapser patients (Figure 3); neither in maintenance therapy. 

Duration of immunosuppressive treatment in the overall group was 48±8.2 moths, but the length 

of immunosuppressive treatment was significantly longer in PR3-AAV patients than in MPO-

AAV patients (59.9 ±48,5 months vs 38.4 ±7.3 months, p=0.013). The time between stop 

immunosuppressive treatment and nephritis flare was 20 ±4,5 months.
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Antimyeloperoxidase antibodies (MPO) level and renal relapse.

85 MPO-AAV patients in renal remission of the first nephritis flare were included; 42 (50.4%) of 

them achieved negative titers of MPO antibodies during follow-up, while 43 (50,6%) patients 

maintained positive titers (Figure 2). The positive predictive value of renal relapse in patients 

MPO positive was 51% and the negative predictive value of renal relapse in patients MPO positive 

was 52.3%. After a mean follow-up of 5 years (SD±4.8), renal relapse occurred in 38 (44.7%) 

MPO-AAV patients. Serum MPO level, 3±1.2 months before relapse, was significantly higher in 

relapse-patients compared with non-relapse patients, (19.2±12.2 AI [n=38] vs 3.2±5.1 AI [n=45], 

p<0.001) (Figure 4.a). The discrimination value of the MPO antibody levels 3 months before renal 

relapse was established through a ROC curve (Figure 4.b). The MPO cut-off value with the best 

sensitivity and specificity in predicting renal relapse was established in 8.3 AI (Youden index: 

0.554).

ΔMPO levels were significant higher in relapse-patients compared with non-relapser patients 

[8.3±12 IA [n=38] vs 0.9±3.1 AI [n=45], p=0.001) (Figure 5.a).The discrimination value of the 

ΔMPO antibody levels was established through a ROC curve (Figure 5.b). The ΔMPO cut-off 

value with the best sensitivity and specificity in predicting renal relapse was established in an 

increase of MPO levels of 3.7 AI 6 months before renal flare (Youden index:0.498)

Antiproteinase 3 antibodies (PR3) level and renal relapse.

28 PR3-AAV patients were included. After achieving renal remission of the first renal flare, 21 

most of them (75%) showed negative PR3 antibodies levels during follow-up, while 7 (25%) 

PR3-patients maintained positive titration; 100% of the patients who maintained positive PR3 

antibodies developed a second renal flare during follow-up (Figure 2): the positive predictive 

value of renal relapse in PR3 patients is then 100 % and the negative predictive value of renal 

relapse in patients with PR3 positive titers is 57.1%.

After a mean follow-up of 5 years (SD±4.8), renal relapse occurred in 16 (57%) PR3-AAV 

patients. Serum PR3 levels were significant higher in relapsed patients compared with non-relapse 
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patients, 2.8±1.4 months before relapse (58.6±24.6 AI [n=16] vs 2.0±0.6 AI [n=12], p<0.001) 

(Figure 6.a). The discrimination value of the PR3 antibody levels 2.8 months before renal relapse 

was established through a ROC curve with an AUC of 1 (Figure 6.b).

ΔPR3 levels were significantly higher in relapse-patients compared with non-relapsers [57.5±28.5 

AI [n=16] vs 0.8±0.2 AI [n=12], p<0.001) (Figure 6.a), and the discrimination value of the ΔPR3 

antibody was established through a ROC curve with an AUC of 1 (Figure 6.b).

DISCUSSION

Predicting nephritis flare in AAV-patients with previous renal involvement is a major challenge. 

In contrast to ANCA, which has been thoroughly studied in the literature5 19 32 33, the relevance of 

MPO and PR3 antibodies assessment in predicting renal relapse has not been well defined. In the 

present study, we aimed to determine the relevance of MPO and PR3 assessment in the prediction 

of nephritis flare in AAV-patients with previous renal involvement. A major premise of our study 

was that antibody assessments must be done using bead-based assay platforms. We studied 

patients from 7 nephrology departments belonging to the Spanish Glomerular Study Group 

(GLOSEN) representing the largest study on this topic. The study population was constituted by 

AAV-patients in a complete remission of first necrotizing glomerulonephritis flare, and the 

majority of the sample comprised MPO-patients. After a mean follow-up of 5 years, 54 renal 

relapses occurred in 44.7% MPO-AAV patients and 57.1% PR3-AAV patients.

Our data show that MPO predictive values were not useful to identify patients who will develop 

a nephritis flare, however, the assessment of MPO antibodies titration for multiplex flow 

immunoassay, could be a useful predictor of renal activity.  According to our results, MPO and 

PR3  antibodies should be tested every three months, this period allow clinicians, in MPO-AAV 

patients,  detects small elevations on antibodies titration (MPO > 3.7 AI)  and monitoring patients 

in high risk of renal relapse (MPO >8.3 AI) and in PR3-AAV patients this short term allow 

clinicians monitor patients who maintain positive PR3 antibodies. MPO antibody levels began to 

rise 6 months before renal relapse, independent of antibody titers were negative or not. The cut-
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off value with the best sensitivity and specificity in predicting renal relapse was established in an 

increase of 3.7 AI 6 months before relapse. Besides, 3±1.2 months before nephritis relapse, 

coinciding with the nephrologist consultation before the renal flare, the MPO cut-off value with 

the best sensitivity and specificity in predicting renal relapse was established in 8.3 AI.  Our 

findings were consistent with a previous study by Terrier et al.21 in a cohort with a systemic AAV 

including renal patients, showing that MPO antibody levels were strongly correlated with the 

Birmingham vasculitis activity score and the disease extent index. These findings were in 

concordance with previous reports and suggest that patients with high levels of MPO antibodies 

at relapse present a higher risk of severe organ damage than those with low levels of MPO 34 35 

36.

Our data from PR3 antibodies demonstrated that predictive values of antibody titration by 

immunoassay chemiluminescence were a sensitive tool for detect disease activity and predict 

renal flare. In our cohort, all PR3-AAV patients who maintain positive titration after renal 

remission develop a new nephritis flare, and small elevations above the normal range preceded in 

2.8±1.4 moths the nephritis flare.

Limitations of the present study were due to the retrospective nature that difficult the possibility 

of deducing hard conclusions about the treatment. In our cohort most of the patients received 

induction therapy with cyclophosphamide and maintenance therapy in the majority of patients 

with azathioprine; a small number of patients were treated with rituximab because most of the 

patients were diagnosed before the publication of the RAVE trial15. In concordance with the 

REMAIN trial results,37 our cohort showed a prolonged  immunosuppressive therapy beyond 24 

months after diagnosis, most of the renal relapses occurred 20 ±4,5 months after stopped 

immunosuppression.

Taken together, these findings suggest that monitoring MPO antibody levels using multiplex flow 

immunoassay and PR3 measurements using immunoassay chemiluminescence, were useful and 

sensitive tools for the prediction of renal relapse in the follow-up of AAV- patients with renal 

disease, and relevant surrogate markers of renal disease activity. Prospective studies are needed 
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to confirm our findings and to evaluate the potential benefits of preemptive treatment in patients 

with renal remission of vasculitis and a rise in the MPO/PR3 antibodies levels.
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TABLES 

Table 1.  Baseline patients characteristics

AAV   
patients
(n=113)

Relapser
patients
(n= 54)

Non relapse
patients
(n=59)

p

Age (years) 64.3 ± 14.8 63.7 ±13.3 64.6 ± 16.0 0.7

Gender F: 59 (52.2%)

M: 54 (47.8%)

F: 50%

M: 50%

F: 54.2%

M: 45.8%

0.6

ANCA pattern
 p-ANCA
 c-ANCA

85 (75.3%)
28 (24.8%)

38 (44.7%)
16 (57.1%)

47 (55.3%)
12 (42.9%)

0.1

Antibodies
 MPO
 PR3

85 (75.3%)
28 (24.8%)

38 (44.7%)
16 (57.1%)

47 (55.3%)
12 (42.9%)

0.1

MPO levels at 
diagnosis (AI)

9.7 ± 1.5 8.3 ± 2.1 14.9 ± 2.4 0.03

PR3 levels at 
diagnosis (AI)

195 ± 61.4 307.4 ± 74.7 316.6 ± 1 87 0.9

Screat at relapse  
(mg/dL)            
Proteinuria (gr/24h)                 

Hematuria
             
BVAS   

 

          3.2±2.6

1.7±1.6

100%

17 ±6

BVAS: Birmingham vasculitis activity score
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LEGENDS TO FIGURES

Figure 1.  Patient flow in the study.

Figure 2. Relapse rate according to anti-MPO/PR3 assessment during follow-up.

Figure 3.  The relationship between induction treatment and renal relapse. 

Figure 4.  a) MPO antibodies levels 3 months before renal relapse; b) ROC Curve 

Figure 5. a) ΔMPO antibodies levels in relapsers and non-relapsers; b) ROC Curve

Figure 6. a) PR3 antibodies levels 2.8 months before renal relapse; b) ΔPR3 antibodies levels in 

relapsers and non-relapser 
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FIGURES 

Figure 1.  Patient flow in the study.

Figure 2.  Relapse rate according to anti-MPO/PR3 assessment during follow-up.

Figure 3.  The relationship between induction treatment and renal relapse. 

Figure 4.  a) MPO antibodies levels 3 months before renal relapse; b) ROC Curve 

Figure 5. a) ΔMPO antibodies levels in relapsers and non-relapsers; b) ROC Curve

Figure 6. a) PR3 antibodies levels 2.8 months before renal relapse;  b) ΔPR3 antibodies levels 
in relapsers and non-relapser 
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