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Abstract
Relapse in antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAV) is associated with significant morbid-
ity and mortality. Utility of ANCA for prediction of relapses is still controversial. PubMed/MEDLINE, Scopus, and WebOf-
Science were searched, screened and confirmed for inclusion [PROSPERO No: CRD42020220308]. Studies measuring serial 
ANCA by ELISA or indirect immunofluorescence (IF), reporting relapses with sufficient data to calculate sensitivity and 
specificity were included. Diagnostic odds ratio (OR), sensitivity, specificity and likelihood ratios (LR) were synthesized 
using a bivariate mixed-effect regression model. Sub-group analysis included a comparison between ELISA and IIF, anti-
myeloperoxidase (MPO) and -proteinase 3(PR3), and type of rise in ANCA. For meta-analysis of survival outcomes, hazard 
ratios were synthesized using a random-effect model. QUADAS-2 was used for assessing quality of studies, I2 statistic for 
heterogeneity Begg’s test for publication bias. 2946 abstracts and 43 full-texts were reviewed to identify 26 eligible studies 
that included 2623 patients with AAV and 848 relapses. Overall heterogeneity was high [I2 = 99%] and the overall risk of 
bias was low to moderate. ANCA positivity by either ELISA or immunofluorescence for predicting relapse of AAV had 
a sensitivity of 0.70(95% CI 0.58–0.81), specificity of 0.66(0.55–0.76), positive LR of 2.1(1.6–42.7) and negative LR of 
0.44(0.30–0.60). ELISA performed marginally better [OR: 5(3–7)] than IIF [OR: 4(2–9)] with similar sensitivity, specificity, 
PLR and NLR. The area under the curve for PR3 was 0.74(0.7–0.77), while that for MPO was not computed as the number 
of eligible studies was only three. In the survival analysis, the hazard ratio for relapse was 3.11(1.7–5.65). The meta-analysis 
shows modest accuracy of ANCA in predicting relapses of ANCA vasculitis and supports the use of serial ANCA monitor-
ing as a biomarker for relapse.
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Introduction

Antineutrophil cytoplasmic antibodies (ANCA)-associated 
vasculitis (AAV) is associated with high morbidity and mor-
tality. Prediction of relapse is important to minimize damage 
accrual, and indeed, a major treatment target in AAV is to 
prevent relapse.

Over the last five decades, the face of AAV has trans-
formed from a near-fatal ailment to a chronic relapsing dis-
ease with the use of oral cyclophosphamide [1]. With subse-
quent trials employing effective and safe treatment regimens, 
outcomes have significantly improved over time with relapse 
rates as low as 5–10% with the use of rituximab-based 
courses for maintenance [2, 3]. Despite these advances, 
relapses are still associated with damage accrual, increased 
cumulative drug use, and comorbidities like cardiovascular 
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disease. On the other hand, increasing immunosuppression 
in anticipation of a relapse which may not occur exposes 
patients to undue drug adverse effects and costs. Thus, it is 
imperative to have reliable biomarkers predicting relapses.

Our understanding of AAV has uncovered a definite role 
of ANCAs in the diagnosis and pathogenesis [4], with initial 
reports describing their role in predicting disease flares [5]. 
With the obvious importance of the need for appropriate bio-
markers, multiple studies have evaluated and shown conflict-
ing results regarding the value of ANCA measurements in 
predicting disease flares. The last meta-analysis in this area 
was carried out almost a decade ago [6–8]. The major limita-
tions observed in these systematic reviews were heterogene-
ity across the studies which precluded definitive analysis on 
prediction of relapses. We expect the evidence has changed 
with better accuracy of tests in addition to increased avail-
ability of data from both trials and registries in the last dec-
ade. Moreover, the recent use of B-cell depletion therapies in 
AAV adds to the relevance of this question since they might 
have a direct bearing on antibody levels. Thus, there is an 
unmet need for an update on whether rising titres or persis-
tently high titres of ANCA are useful in predicting future 
relapses in AAV in light of these new advances.

One recent meta-analysis in AAV has looked at relapse 
after cyclophosphamide therapy while another has looked at 
overall predictors of relapse [9, 10]. The first study included 
24 studies and analyzed the cumulative relapse rates over 
time. A meta-analysis of 28 studies showed an association 
with lower level of baseline serum creatine, proteinase 3 
(PR3)-ANCA positivity at diagnosis, an ANCA rise, extra-
renal organ involvement, intravenous (vs oral) cyclophos-
phamide induction, a shorter course of immunosuppressant 
maintenance, and maintenance with mycophenolate mofetil 
(vs azathioprine). Risk ratios of relapse associated with per-
sistently positive ANCA were not estimated [9]. Whereas, 
the second study included 16 studies and analyzed base-
line ANCA positivity and not rising titres as a predictor of 
relapse [10]. No recent meta-analysis has previously deter-
mined diagnostic accuracy (sensitivity, specificity, positive 
and negative likelihood ratios) of ANCA titres or ANCA 
positivity in predicting relapse. Thus, we carried out a sys-
tematic review and meta-analysis of published literature to 
update the current evidence on the utility of ANCA titres for 
predicting relapses of AAV.

Methods

Research question

The meta-analysis was planned for estimating the utility of 
ANCA (positivity, rising titres, method of ANCA testing) 
for predicting relapses in AAV.

The protocol was prospectively registered with PROS-
PERO (CRD42020220308). Results are reported as per pre-
ferred reporting of systematic reviews and meta-analyses 
(PRISMA) guidelines for diagnostic test accuracy studies 
[11].

Literature search

Systematic searches were done on PubMed/MEDLINE, 
Scopus, and the WebOfScience databases, including con-
ference proceedings and abstracts. A search was performed 
using various combinations of antibody, antineutrophil 
cytoplasmic, vasculitis, remission, relapse, disease activity, 
recurrence, follow-up, cohort and prediction with a filter for 
the English language. Search results till 26/11/2020 were 
included. Antibodies, Antineutrophil Cytoplasmic [MESH] 
AND vasculitis AND ( recurrence OR relapse)Antibodies, 
Antineutrophil Cytoplasmic [MESH] AND vasculitis AND 
disease activity for PubMed; (‘‘antineutrophil cytoplas-
mic antibodies’’ OR ‘‘ANCA’’) AND ‘‘vasculitis’’ AND ( 
relapse OR recurrence) AND (‘‘cohort’’ OR ( follow AND 
up)) AND ( predict OR prediction) for SCOPUS; and ("anti-
neutrophil cytoplasmic antibodies" OR "ANCA") AND 
"vasculitis" AND (relapse OR recurrence) AND ("cohort" 
OR follow-up) for WebofScience. (Supplementary File 1).

Study selection

SA performed the literature search and excluded the dupli-
cate studies from the total. In phase I, PM and AB indepen-
dently screened titles and abstracts, and then the full-text 
review of all the eligible articles. SA and SP finalized the 
selection of studies wherever there was any discrepancy 
between PM and AB.

Inclusion criteria

Studies that used a definitive diagnosis of ANCA vasculitis; 
reported serial ANCA measurements performed during the 
maintenance phase of AAV; included at least 10 patients in 
the study; had data that could be extracted to calculate both 
sensitivity and specificity and were published in English.

Exclusion criteria

Studies were excluded if the ANCA rise was only concurrent 
with relapse of disease (no serial monitoring during remis-
sion); if only the number of relapses but not the number of 
patients with and without relapse during follow-up could be 
extracted; if ANCA levels were used to define remission or 
relapse or were published as case reports or case series or 
was unpublished data present only in pre-print repositories.
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Data extraction

AB and PM independently extracted data into a pre-specified 
spreadsheet. This included country of origin, sample size, 
median or mean age, median or mean follow-up, stratifica-
tion by subtype of AAV and ANCA, method of ANCA test-
ing, the definition of positivity and rise in titer, number of 
relapses, correlation of ANCA status at the time of relapse 
and classification into ANCA positivity/rise if mentioned.

Quality assessment

SP and MP assessed the quality of included studies using 
QUADAS-2. [12]

Publication bias

Publication bias was assessed using Begg’s test by MP.

Statistical analysis

Summary estimates of sensitivity and specificity were 
obtained using a bivariate mixed-effect regression model 
which preserves the two-dimensional structure of data and 
incorporates the correlation between sensitivity and speci-
ficity [13]. The summary measures included for diagnostic 
test accuracy were sensitivity, specificity, diagnostic odds 
ratio (OR) as positive as well as negative likelihood ratios 
(LR). Using a Bayesian approach, we calculated the post-test 
probability based on pre-test probability and likelihood ratio. 
Wherever relevant, summary receiver operating character-
istic (ROC) curves were synthesized. Sub-group analyses 
were performed for IIF vs ELISA, Anti-PR3 versus Anti-
MPO, persistently high ANCA titres versus a rise in ANCA 
titer, persistently positive ANCA versus negative to positive 
conversion. Also, for meta-analysis of survival outcomes, 
hazard ratios were synthesized using a random-effect model. 
 I2 statistic was used to assess heterogeneity. Publication bias 
was assessed using Begg’s test. All the analyses were per-
formed using Stata Version 15.1(Statacorp, Texas, USA).

Results

Literature search and selected studies

We screened 2946 titles and abstracts, of which 43 arti-
cles were selected for full-text review. Seventeen were not 
included in the final analysis because of missing/incomplete 
data in 10 [14–23], no serial monitoring in one [24], differ-
ent outcomes in two [25, 26], one being a correction [27] 
and no access to data in three [28–30]. Twenty-six stud-
ies were selected for data extraction and analysis (Fig. 1, 

Supplementary Table 1). The details of the studies included 
are given in Table 1. Eleven were retrospective studies and 
15 were prospective of which two were randomized con-
trolled trials (RCT) [22, 31]. Two were based on a long-term 
follow-up of an RCT [2, 32]. 

These 26 studies cumulatively included 2623 AAV 
patients and 848 relapses. Eleven studies used clinical defi-
nitions of relapse, 13 used Birmingham Vasculitis Activity 
Score (BVAS) and two used Disease Extent Index (DEI). 
The results of QUADAS-2 analysis of the quality of the stud-
ies are presented in Fig. 2. The risk of bias was moderate in 
the domain of patient selection, whereas it was low in the 
remaining three domains. No publication bias was found for 
the comparison of studies.

Positive ANCA

Of the 26 studies included for the analysis, 11 were retro-
spective. All studies but one (ALBIA—Addressable Laser 
Bead Immunoassay, [33]) used either ELISA or both IIF and 
ELISA. The frequency of ANCA testing was not mentioned 
in nine studies [32, 34–41]. Eleven studies did not men-
tion clearly whether ANCA turned positive from a negative 
report or whether there was a rise from baseline [32, 34, 
36–38, 40–45]. The ROC curve of the studies showed an 
AUC of 0.74(95% CI 0.70–0.78). Sensitivity was 0.71(95% 
CI 0.59–0.80) and specificity 0.67(0.56–0.76), positive LR 
2.1(95% CI 1.6–2.7), negative LR 0.44(95% CI 0.32–0.60) 
and an OR of 5 (95% CI 3–8). The forest plot is shown in 
Fig. 3a. The Fagan plot (Fig. 3b) shows a lower likelihood 
of disease relapse if the rise in ANCA is not seen. The het-
erogeneity between studies was significantly high with an 
I2 of 99.

IIF versus ELISA

Nine studies utilized IIF techniques for the detection of 
ANCA [22, 31, 32, 35, 36, 43, 45–47]. Five studies [22, 
43, 45–47] were included for this analysis, three of them 
being retrospective. The meta-analysis of the five studies 
provided an AUC of 0.73(95% CI 0.69–0.76), sensitivity of 
0.72(0.56–0.84), specificity of 0.62(95% CI 0.45–0.77), pos-
itive LR of 1.9(95% CI 1.3–2.8), negative LR of 0.45(95% 
CI 0.28–0.7) and an OR of 4(95% CI 2–9).

ELISA as a diagnostic method was used in nearly all 
of the studies (25 of 26), 11 being retrospective. Meta-
regression showed AUC of 0.73(95% CI 0.69–0.77), sen-
sitivity 0.71(95% CI 0.60–0.80), specificity 0.65(95% CI 
0.54–0.74), positive LR 2(95% CI 1.6–2.6), negative LR 
0.45(95% CI 0.32–0.61) and OR of 5(95% CI 3–7). The 
comparison of IIF ANCA and ELISA PR3/MPO is shown 
in Supplementary Fig. 1a, b and Supplementary Fig. 2a, b, 
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respectively. The study heterogeneity was significantly high 
with I2 of 80 for IIF and 99 for ELISA.

PR3 and MPO

Five studies included PR3 [22, 39, 45, 47, 48] and three 
included MPO alone (32,49,50), whereas the remain-
ing analyzed both. The AUC for PR3 was 0.69 (95% CI 
0.65–0.973), sensitivity 0.83(95% CI 0.3–0.98), specificity 
0.57(95% CI 0.37–0.75), positive LR 1.9(95% CI 1.5–2.6), 
negative LR 0.29(95% CI 0.06–1.52) and OR 7(95% CI 
1–37). The study heterogeneity was significantly high with 
an  I2 of 86. The meta-analysis was not done for MPO as the 
number of studies was only three. The Forest plot and ROC 
curve for PR3 are shown in Supplementary Fig. 3a and 3b, 
respectively.

Rising ANCA

Ten studies specified the total number of patients who had 
a rise in ANCA and relapses associated with it [19, 31, 33, 

39, 46–48, 50–52]. AUC for rise in ANCA and association 
with relapse was 0.71(95% CI 0.66–0.74), sensitivity 0.70 
(95% CI 0.51–0.84), specificity 0.65 (95% CI 0.55–0.73), 
positive LR 2(95% CI 1.4–2.8), negative LR 0.47 (95% CI 
0.26–0.82) and OR of 4 (95% CI 2–10). The study hetero-
geneity was significantly high with an  I2 of 91. The Forest 
plot and Fagan plot for rising ANCA are shown in Fig. 4a, 
b, respectively.

Negative to positive conversion of ANCA

Eight studies specified the association of conversion to a 
positive ANCA after turning negative with a relapse [19, 
22, 31, 35, 48–50, 53]. AUC for conversion to a positive 
ANCA and association with a relapse was 0.74 (95% CI 
0.7–0.78), sensitivity 0.65 (95% CI 0.44–0.81), specific-
ity 0.72 (95% CI 0.62–0.80), positive LR 2.3 (95% CI 
1.8–2.8), negative LR 0.49(0.31–0.79) and OR of 5 (95% 
CI 3–8). The study heterogeneity was significantly high 
with an I2 of 92. The Forest plot and Fagan plot for PR3 
are shown in Fig. 5a, b, respectively.

Fig. 1  Methodology
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Survival analysis

Nine studies were included in the survival analysis, out 
of which five studies were prospective [19, 32, 40, 48, 
52] and four retrospective (22,33,39,50). The overall HR 
was 3.11 (95% CI 1.7–5.65). The forest plot is shown in 
Fig. 6a, b, respectively.

Discussion

Our meta-analysis revealed a moderate sensitivity (0.71) 
and specificity (0.67) for a positive ANCA as a predictor 
of relapse. Furthermore, ANCA testing by IIF and ELISA 
yielded a similar sensitivity and specificity for the same. 
Sub-group analysis with PR3 ANCA revealed a good sen-
sitivity (0.83) and poor specificity (0.57); rising ANCA and 
negative to positive conversion of ANCA, both revealed a 
moderate sensitivity (0.7, 0.65) and specificity (0.65, 0.72) 
for the prediction of relapses. This was supported by the 
likelihood ratios. The overall HR for relapse with a positive 
ANCA was 3.11 on survival analysis. Thus, serial monitor-
ing of ANCA may be of modest help in predicting relapse. 
However, as the AUC is between 0.7 and 0.8, its utility in 
isolation is questionable.

The consistent role of ANCA in the pathogenesis of 
AAV has attracted much attention for exploring its role as a 
biomarker for the prediction of the clinical course of AAV. 
However, its utility for the same is supported by incongru-
ous results from various studies as a result of varied meth-
odology of ANCA testing, variable follow-up intervals for 
measuring ANCA, heterogenous clinical subgroups and dif-
ferent organ involvement amongst patients, definitions of 
rise and persistence of ANCA and definitions of response 
and relapse.

In this analysis, we aimed to address some aspects of 
this conundrum—predictability of relapse with persistent 
or rising ANCA titres, use of IIF compared with ELISA for 
the same, and bearing of the subtype of ANCA on predict-
ability of relapse. We found that a combined analysis of rise 
and persistent ANCA has modest sensitivity and specific-
ity for the prediction of relapse with a positive LR + of 2.1 
and negative LR- of 0.4, so with a pre-test probability of 
20%, post-test risk of relapse is 40% of there is a positive 
ANCA and 10% if ANCA is negative (Fig. 3b). Although 
there is a lack of sufficient evidence supporting the practice 
of antibody-based guidance in deciding therapy for patients, 
it is often observed in routine clinical practice if the clini-
cian perceives the pre-test possibility of relapse to be high. 
Rise or persistence may be associated with intensification of 
immunosuppression used, thus preventing a relapse subse-
quently. This may explain the modest sensitivity and speci-
ficity that we have reported in our analysis [50].P 
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Fig. 2  QUADAS-2 scoring
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Although ELISA is a more sensitive method than IIF for 
diagnosis of ANCA and the majority of the studies used 
ELISA as a method for serial monitoring, on subgroup 
analysis, both ELISA and IIF had similar sensitivity and 
specificity in predicting relapses. (Supplementary Figs. 1, 2).

Individual studies have highlighted better predictability 
of relapse with ANCA monitoring under certain clinical 

settings. The RTX in AAV trial (RAVE) compared RTX 
with oral cyclophosphamide followed by azathioprine for 
induction and found RTX to be non-inferior [3]. A subse-
quent analysis of data from the RAVE trial demonstrated that 
rising PR3 ANCA predicted a relapse with a HR of 4.7(95% 
CI 2.16–10.37), and the risk was higher for those with renal 
disease or alveolar hemorrhage [52]. A single-center cohort 

Fig. 3  A Sensitivity and specificity of positive ANCA as a predictor of relapse, B Fagan plot for positive ANCA (IIF/ELISA) as a predictor of 
relapse

Fig. 4  A Sensitivity and specificity of rise in ANCA as a predictor of relapse, B Fagan plot of rise in ANCA
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study from Netherlands identified 110 patients with AAV 
treated with Rituximab. They found a significantly higher 
risk of relapse with persistently positive PR-3ANCA or a 
reappearance of PR-3ANCA and relapses in MPO- ANCA 
positive patients were restricted to patients with persistent 
MPO positivity [54]. Another cohort study from Nether-
lands found an association between ANCA and relapses 
only in renal disease regardless of the ANCA subtype [19]. 
However, some recent trials like Maintenance of Remission 
using RTX in AAV (MAINRITSAN II) which evaluated a 
tailored versus fixed RTX regimen in AAV based on ANCA 
and B-cell repopulation did not find any association between 
ANCA rise/positivity and relapses.

In our study, when PR3 was analyzed separately, its levels 
had better sensitivity than combined MPO and PR3 (Sup-
plementary Fig. 3) similar to a previous meta-analysis [7]. 
However, we did not stratify studies based on organ involve-
ment and on previous treatment received. On studying the 
association of relapse with a rise in titer versus the conver-
sion from a negative to a positive report, similar sensitivity 
and specificity were found.

Our results are consistent with a previous analysis done 
on this subject with similar LRs. A rise in ANCA titres 
yielded a positive LR of 2.84 (95% CI 1.65–4.9) and nega-
tive LR of 0.49 (95% CI 0.27–0.87) for relapses whereas per-
sistent positivity had a positive LR of 1.97(95%CI 1.43–2.7) 
and negative LR of 0.73(95% CI 0.5–1.1) for relapses [7]. 
We additionally looked at various subgroups based on test-
ing methodology, ANCA subtype, and a negative to positive 
conversion supplementing the results of overall positivity 
and rise in ANCA. There were two recent metanalyses that 
have looked at various risk factors for relapse. One of which 
found the HR for positive PR3 ANCA computed from 3 
studies to be 1.69 [10, 34, 55, 56]. Another study found the 
HR for PR3 positivity to be 2 and rising ANCA to be 8. 
These results are again in line with our study with a slight 
difference as we have focused only on ANCA as a biomarker 
for relapse.

There are several strengths regarding our approach to this 
analysis. We have included studies with serial monitoring of 
ANCA titres with both rising and conversion into positive 
results being included for predictability of relapses. Further-
more, we have also studied the effect of method of ANCA 
testing, the subtype of ANCA, rise in ANCA, negative to 

Fig. 5  A Sensitivity and specificity of positive conversion of ANCA as a predictor of relapse B Fagan plot of positive conversion of ANCA

Fig. 6  Survival analysis of positive/rising ANCA
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positive conversion on the predictability of relapses. It pro-
vides a basis for the inclusion of serial monitoring of ANCA 
titres in clinical trials and cohorts to generate a better qual-
ity of data. Furthermore, dosing regimens based on ANCA 
titres have been explored with a non-significant trend of 
increased relapse in the tailored arm (17% vs 10%) but with 
a significantly reduced need for drug infusions [19]. Thus, in 
a disease that has a severe dearth of biomarkers available for 
use in the clinic, monitoring ANCA may serve as a readily 
available biomarker, especially in low- and middle-income 
countries where the cost of therapy is borne out-of-pocket by 
the patients or their kin. The high negative likelihood ratio of 
the test may help to mitigate the extra expense of treatment 
along with the increased risk of infection associated with 
overzealous treatment.

Our assessment of the quality of individual studies 
showed a moderate to low risk of bias. Also, including 
all studies with at least 10 patients ensured that our meta-
analysis had higher power with narrow confidence intervals. 
The varied study designs and the nature of AAV itself (with 
myriad manifestations) contributed to high heterogeneity. 
Moreover, such high heterogeneity between studies is com-
mon in meta-analyses involving observational studies [7, 9, 
10].

The limitation in the interpretation of the above results is 
that we did not stratify patients based on the type of therapy 
received, organ involvement and severity of relapse as that 
could have a bearing on the utility of ANCA as biomark-
ers. Also, most studies have more PR3-AAV as compared 
to MPO-AAV. The definition of ANCA “increase” varied 
amongst studies, and thus, we are not able to assess the mini-
mum rise in titres to qualify as an increase.

The main focus of our analysis was to estimate the diag-
nostic accuracy of ANCA as a biomarker in predicting 
relapses. We would like to reiterate that escalating therapy 
in AAV should not be solely based on ANCA results. The 
ideal may be a composite model of clinical phenotype, organ 
involvement, previous therapy received, ANCA titres and 
type, inflammatory markers to predict the future risk of 
relapse for an individual patient.

Thus, in conclusion, the summary estimates of the accu-
racy of ANCA as a biomarker for relapses are likely to be 
near the true value despite heterogeneity between included 
studies. We found that a positive ANCA along with strati-
fication based on testing methodology (IIF, ELISA), PR3 
positivity, negative to positive conversion and rise of ANCA 
are consistent to support a moderate sensitivity and specific-
ity of ANCA in predicting relapse in AAV. Balancing the 
risks of morbidity and mortality associated with relapses 
against the expense and adverse effects of immunosuppres-
sion demand the use of clinical acumen in addition to ANCA 
results. Our analysis paves the way for further exploration of 
this plausible biomarker in a more systematic way to assess 

the optimum frequency of monitoring and best cut-offs to 
define rise of ANCA titres.
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