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ABSTRACT

Background In anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV), histopathological
assessment of affected tissue is often necessary for
diagnosis and assessment of disease extent. There is a
requirement for validated non-invasive biomarkers to avoid
the need for serial tissue biopsies.

Methods A systematic review of scientific databases
from 2012 until present was performed to identify studies
fulfilling the inclusion criteria. Studies were assessed

for quality using the Strengthening the Reporting of
Observational Studies in Epidemiology checklist for cohort,
case—control and cross-sectional studies and the Risk of
Bias Assessment tool for Non-randomised Studies, or the
Cochrane Risk of Bias tool 2.0 for randomised controlled
trials. A descriptive synthesis of the data for non-invasive
(blood-based or urinary) biomarkers of AAV-related disease
activity and organ damage was performed.

Results Twenty-two high quality studies were included.
These articles reported the value of blood-based and
urinary biomarkers including anti-neutrophil cytoplasmic
antibodies, immune cells, complement factors, gene
expression profiles, cytokines, chemokines and other
proteins in the assessment of disease activity and/or organ
damage in patients with AAV. Many of these biomarkers
involve the alternative complement pathway, neutrophil
activation and macrophage activation.

Conclusion This is the first contemporary systematic
review synthesising the value of non-invasive biomarkers
of AAV-related disease activity and organ damage.

The incorporation of individual markers in combined
biomarker profiles might enhance clinical decision-
making. Many unmet needs were identified; few studies
involve oeosinophilic granulomatosis with polyangiitis and
patients with childhood-onset AAV. Further validation of the
candidate biomarkers is warranted in large prospective
studies to bridge the existing knowledge gaps and apply
precision health to systemic vasculitis.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV) is a complex and het-
erogeneous disease leading to severe multisystem
involvement.

= Histopathological assessment of affected tissue,
mainly the kidney, is often required for the diagnosis
of ANCA-associated vasculitis and assessment of its
activity, disease extent and prognosis.

= Renal biopsy is invasive and implies associated risks
such as haemorrhagic complications.

WHAT THIS STUDY ADDS

= Various blood-based and urinary biomarkers includ-
ing immune cell subsets, alternative complement
pathway components and neutrophil-related gene
expression scores can discriminate active AAV from
remission.

= Several non-invasive biomarkers assess AAV-
related organ damage and correlate with specific
histopathological features.

= Nonetheless, this systematic review identifies mul-
tiple important knowledge gaps and unmet needs in
AAV research.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The application of non-invasive biomarkers in val-
idated multiplexed biomarker profiles may reduce
the need for serial tissue biopsies in patients with
AAV.

= In-depth analysis of these biomarkers may further
elucidate the pathophysiology of AAV and might lead
to more targeted treatment options.

= The reported knowledge gaps must be addressed
before precision health can be applied to the field
of AAV.
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INTRODUCTION

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is a complex and heterogeneous disease,
characterised by autoantibody-mediated necrotising
inflammation of small blood vessels often causing severe
multisystem organ damage. Lungs and kidneys are espe-
cially at risk of permanent dysfunction. Pulmonary capil-
laritis may lead to diffuse alveolar haemorrhage, with an
associated mortality of up to 25%.' > AAV-related kidney
disease typically manifests as a pauci-immune rapidly
progressive necrotising crescentic glomerulonephritis
(GN), with a b-year end-stage renal disease (ESRD)-free
survival rate of 54% and a 5-year cumulative relapse
rate of 35%.” Prudent assessment of AAV-related organ
involvement is therefore crucial.

Presently, a common, but invasive biomarker used to
diagnose AAV and evaluate its activity, extent and prog-
nosis is histopathological assessment of affected tissue,
typically by kidney biopsy. Histopathological classification
of ANCA-associated GN impacts patient outcomes with
the focal class (250% normal glomeruli) involving the
most favourable and the sclerotic class (250% globally
sclerosed glomeruli) the most detrimental prognosis.*
However, biopsy-associated risks including haemorrhagic
complications and psychological trauma in children may
arise. Moreover, ANCA-associated GN often warrants
repeated renal biopsies due to its relapsing-remitting
course.

High-performing non-invasive biomarkers are there-
fore needed in the assessment of AAV-related disease
activity and/or organ damage. Furthermore, biomarkers
may guide personalised therapy as several targeted treat-
ment options may be readily available in the future.””’
Selecting the optimal treatment for individual patients
will enhance drug efficacy while avoiding the toxicity
of broad immunosuppression. Validated blood-based
and/or urinary biomarker profiles may therefore aid in
bringing the concept of precision health to the field of
the systemic vasculitides.

The objectives of this systematic review were (1)
to synthesise the available evidence of non-invasive
biomarkers of disease activity and/or organ damage in
AAV and (2) to delineate those biomarkers within the
underlying pathophysiology of AAV by correlating them
with histopathological features.

METHODS

Search strategy

Asystematic review of the literature was performed for the
time frame 1 April 2012 to 1 April 2023. Searched data-
bases included Ovid MEDLINE, Ovid Embase, PubMed,
Cochrane Library, Web of Science and ClinicalTrials.gov.
Searches were performed applying the Medical Subject
Headings terms AAV, granulomatosis with polyangiitis
(GPA), eosinophilic granulomatosis with polyangiitis
(EGPA), microscopic polyangiitis (MPA), Churg-Strauss
syndrome, Wegener’s granulomatosis and biomarker.

The full search strategy is outlined in the online supple-
mental materials.

Eligibility criteria

Studies were eligible if the following inclusion criteria
were fulfilled: (1) AAV (or subtypes: GPA, EGPA, MPA) is
the disease of interest; (2) the research concerns human
data (children and/or adults); (3) the manuscript reports
one or multiple non-invasive biomarkers assessing disease
activity and/or organ damage; (4) sample size involves >3
patients; (5) the manuscript involves original research;
(6) full-length article is available; and (7) the report is
written in English. Reviews, case reports, (conference)
abstracts, editorials and articles on imaging biomarkers
were excluded. Studies resulting from the search strategy
were screened for content by title and abstract. Relevant
studies were selected for full-text review and assessed for
the above inclusion criteria by two reviewers (TR and
NG). A third reviewer (SB) made the final decision in
case of disagreement.

Quality assessment

Selected studies were assessed for quality including risk
of bias by applying the Strengthening the Reporting of
Observational Studies in Epidemiology checklist for
cohort, case—control and cross-sectional studies, the Risk
of Bias Assessment tool for Non-randomised Studies and
the Cochrane Risk Of Bias tool V.2.0 for randomised trials
by two assessors (TR and SB).* ! Studies were included
in the systematic review on consensus of both assessors.
Only studies with a low risk of bias were included.

Evidence synthesis

Data were clustered based on biomarkers assessing
AAV-related disease activity versus organ damage. More-
over, data were grouped in blood-based versus urinary
biomarkers. Data were further subdivided regarding the
nature of the biomarker including antibodies, immune
cells and subpopulations, complement factors, gene
expression profiles and others such as cytokines and
chemokines. Outcomes of the included studies were
concisely summarised. Considering the nature of the
included studies and their published data, a meta-analysis
was not feasible.

RESULTS

Our search strategy identified 4374 unique articles
(figure 1). After screening of title and abstract, 349 rele-
vant articles were selected for full-text assessment. Of
those, 163 studies fulfilled the eligibility criteria and were
assessed for quality. Twenty-two studies were scored as
high quality and were included in this systematic review.

Study characteristics and assessed biomarkers

The selected studies included a total of 2362 patients with
AAV, of which a majority were myeloperoxidase (MPO)-
ANCA positive (252.5%) (table 1). Few patients with EGPA
were included (n>66). Few studies included juvenile
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Figure 1 Flowchart of the article selection process.

patients (<18 years). Nineteen studies (86%) reported
disease activity biomarkers, whereas three studies (14%)
reported organ damage-related biomarkers. Reported
non-invasive biomarkers include complement factors,
immune cell subsets, cytokines and cytokine receptors,
chemokines, gene expression profiles, ANCAs, scavenger
receptors, immune checkpoint proteins, matrikines and
matrixins, metabolites, glycoproteins, growth factors,
mitochondrial DNA and lipocalins (table 2).

Evidence synthesis: biomarkers of disease activity
Blood-based biomarkers of disease activity

ANCAs

The value of ANCAs in the assessment of AAV disease
activity remains elusive. Watanabe et al found a signif-
icant association between MPO-ANCA reappearance
and AAV relapse in a nested case—control study.'" Of the
181 patients with conversion to negative MPO-ANCA at
remission, 25 (14%) experienced a relapse. Patients in
the relapse group were more likely to convert to a posi-
tive MPO-ANCA compared with controls after adjusting
for potential confounders including age, sex, AAV clas-
sification and baseline Birmingham Vasculitis Activity
Score (BVAS) (76% vs 12%, p<0.0001; OR 26.2, 95% CI
8.2 to 101). Mean time between MPO-ANCA reappear-
ance and relapse was 34 days.

Circulating immune cells

The role of specific immune cell subsets in the assess-
ment of AAV-related disease activity is currently being
explored. Flow cytometry-based immune cell pheno-
typing demonstrated a significant decrease in the
percentage of CD5" B cells (regulatory B cells) in
patients with rituximab-naive active AAV (median 17%,
IQR 10-28) compared with those in remission (26%,

IQR 21-36; p=0.02) and healthy controls (28%, IQR
21-85; p<0.001)."* The percentage of CD5" B cells signif-
icantly increased during transition from active disease
to remission following rituximab treatment (14%, IQR
10-17 vs 25%, IQR 17-45; p=0.008). Time to relapse
was significantly shorter in those who repopulated B
cells with <30% CD5" cells compared with those with a
normal amount of CD5" B cells (median 7 months, IQR
3-11 vs 22 months, IQR 17-36; p=0.002). Matsumoto
et al described higher levels of CD14™ CD16" interme-
diate monocytes at AAV relapse compared with remis-
sion (median 58 /pL, IQR 34-79 vs 26 /pL, IQR 7.3-50,
p=0.027 for relapse compared with first remission; 24 /
pL, IQR 11-43, p=0.049 for relapse compared with
second remission).'”?> CD14™ CD16" intermediate mono-
cyte levels correlated significantly with BVAS ($=0.82,
95% CI 0.25 to 1.4; p=0.005). Monocyte activation-
related cytokines, including interleukin (IL)-1B (B=1.0,
95% CI 0.57 to 1.5, p<0.001), IL-6 ($=0.89, 95% CI
0.56 to 1.2, p<0.001), IL-8 (B=0.60, 95% CI 0.10 to 1.1,
p=0.018) and tumour necrosis factor-a. ($=0.91, 95% CI
0.43 to 1.4, p<0.001) showed significant associations with
BVAS, which corroborates the main study results.

Complement factors

Increasing evidence suggests that the alternative comple-
ment pathway is involved in AAV pathophysiology. Lower
levels of plasma complement factor H (CFH) were
found in active MPO-ANCA positive patients with biopsy-
confirmed renal involvement (417.87+119.74pg/mL)
compared with those in remission (551.33+114.12pg/
mL; p<0.001) and to age-matched and sex-matched
healthy controls (559.72+87.92 ng/mL; p<0.001)."* CFH
distinguished active disease from remission with an area
under the curve (AUC) of 0.79 (95% CI 0.70 to 0.89;
p<0.001) and an optimal cut-off value of 441.74pg/mL
(61% sensitivity, 89% specificity). CFH levels correlated
significantly with BVAS (r=-0.34, p=0.002), renal func-
tion (r=-0.42, p<0.001 for serum creatinine; r=0.43,
p<0.001 for estimated glomerular filtration rate (eGFR))
and the proportion of total crescents (r=-0.33, p=0.003)
and cellular crescents (r=-0.37, p<0.001) on renal
histopathology. Patients with CFH levels in the lowest
tertile had the poorest renal outcome during follow-up.
Plasma levels of soluble (s)Cbb-9 (955.81+321.39 vs
345.99+106.84ng/mL; p<0.01), Cba (51.65+34.75 vs
9.78+5.81ng/mlL; p<0.01), C3a (2178.67+668.91 vs
268.50+211.53ng/mL; p<0.01) and activated factor B
(Bb) (1.30+0.68 vs 0.62+0.34ng/mL; p<0.01) were signif-
icantly higher in active MPO-ANCA positive patients
with biopsy-confirmed renal involvement compared with
remission.”” Properdin levels were significantly lower
in active AAV compared with remission (10.35+5.64 vs
35.96+13.87ng/mL; p<0.01). Bb levels correlated with
the proportion of cellular crescents on renal histopa-
thology (r=0.358, p<0.01).
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Table 2 Overview of the included non-invasive biomarkers
of anti-neutrophil cytoplasmic antibody-associated
vasculitis-related disease activity and/or organ damage

Blood-based biomarkers of Urinary biomarkers of
disease activity disease activity

ANCAs Complement factors
» MPO-ANCA » sC5B-9
Circulating immune cells » Cba
» CD5* Bcells » C3a
» CD14** CD16" » Bb
intermediate monocytes  » Ciq
Complement factors » MBL
» CFH Others
» sC5B-9 » sCD163
» Cba » sCD25
» C3a » Epidermal growth factor
» Bb » CD3+ and regulatory T

Gene expression profiles cell counts

» Granulocyte multigene
composite score and
neutrophil module

Others

MMP-3

CXCL13

TIMP-1

Interleukin-6

Interleukin-8

Interleukin-15

IL-18BP

Chitinase-3-like 1 protein

Soluble programmed cell

death protein 1

» Sphingosine-1-phosphate

» Tissue factor

» sCD25

Blood-based biomarkers of Urinary biomarkers of
organ damage organ damage

» Endotrophin » Endotrophin

» CCL2 » Mitochondrial DNA

VYVVVYVYYVYYVYY

ANCA, anti-neutrophil cytoplasmic antibody .Bb, factor
B (Bb); CFH, complement factor H; IL, interleukin; MPO,
myeloperoxidase.sC5b-9, soluble (s)C5b-9.

Gene expression profiles

Patterns of gene expression at the cellular level may
provide insights about disease activity. Grayson et al
observed significant gene expression differences in 2346
transcripts between responders and non-responders in
the Rituximab in ANCA-associated Vasculitis (RAVE)
trial.'® An unsupervised hierarchical clustering model
depicted a distinct cluster of 179 genes mainly including
granulocyte-related genes. From this cluster, a granu-
locyte multigene composite score was calculated. The
mean granulocyte composite score was higher in non-
responders compared with responders (0.11, range
-0.43 to 7.59 vs —0.27, range -0.46 to 3.70; p=0.02). In
the responder group, granulocyte composite scores were
higher at baseline compared with remission (-0.17, range

3

-0.46 to 3.70 vs -0.39, range —0.47 to 0.53; p<0.01). Multi-
variate analyses (adjusted for potential confounders,
including age, BVAS, neutrophil count, haemoglobin
and use of glucocorticoids) demonstrated an association
between higher composite scores and the inability to
meet the primary outcome (ie, treatment response) in
the RAVE trial (OR 2.13,95% CI'1.16 to 3.90; p=0.01). An
iterative weighted gene correlation network and random
forest analysis by Yanaoka et al identified a neutrophil
module, comprising pro-inflammatory genes such as
S100A12 and S100A9 and neutrophil extracellular traps
(NET)osis-related genes, as the most important gene
module in the differentiation of patients with AAV with
healthy controls.'” The neutrophil module correlated
significantly with disease state as it was more abundant in
patients with active AAV compared with patients in remis-
sion (p<0.05).

Other biomarkers

Several other blood-based biomarkers including cytokines
and chemokines may help in differentiating active AAV
from remission. Monach et al assessed multiple serum
proteins in 186 patients with active, severe GPA or MPA
participating in the RAVE trial."® MMP-3 (AUC 0.89;
optimal cut-off 38 ng/mL with sensitivity 82% and speci-
ficity 88%), CXCL13 (AUC 0.86; cut-off 70 pg/mL, sensi-
tivity 77%, specificity 85%) and TIMP-1 (AUC 0.83; cut-off
270ng/mL, sensitivity 78%, specificity 82%) comprised
the best discrimination between active disease and remis-
sion. A follow-up study demonstrated that CXCL13, IL-6,
IL-8, IL-15, IL-18BP and MMP-3 were significantly associ-
ated with AAV disease alctivity.19 Among these, IL-8, IL-15
and IL-18BP were the most promising serum proteins
associated with AAV flare. Results were independent of
age, sex, ANCA specificity, treatment and new-onset or
relapsing disease. Serum chitinase-3-like 1 protein (YKL-
40) levels were found to be significantly higher in patients
with severe AAV (p=0.007) and high Five Factor Score
(FES) (p<0.001).20 YKL-40 was significantly associated
with BVAS ($=0.301, 95% CI 0.005 to 0.035, p=0.012) and
FFS (B=0.476, 95% CI 0.002 to 0.006, p<0.001) in multi-
variate analyses. Serum soluble programmed cell death
protein 1 (sPD-1) correlated significantly with severe
AAV in a cohort of 59 patients (380.7 pg/mL vs 180.3 pg/
mL; p=0.015).%' sPD-1 correlated significantly with BVAS
(B=0.367, p=0.004). Serum spinghosine-1-phosphate
(S1P), important in Cba-mediated neutrophil activation,
was significantly higher in active AAV compared with
remission (1789.48+510.10 vs 1462.48+498.31 nmol/L,
p<0.05).”* Eighteen out of 20 subjects (90%) with paired
active disease versus remission samples had a decrease of
their SIP level transitioning into remission. The staining
of S1P receptors S1PR1-5 was assessed in renal biopsies
of 24 patients with AAV. Mean optical density of SIPR2
correlated significantly with BVAS (r=0.477, p=0.019)
and C-reactive protein (CRP) levels (r=0.560, p=0.046),
S1PR3 with CRP (r=0.676, p=0.011) and cellular crescents
(r=0.488, p=0.014), and S1PR4 with cellular crescents
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(r=0.451, p=0.027). Granulocytes of patients with active
AAV release tissue factor (TF) expressing NETs, which
was attenuated after treatment initiation.*” Higher serum
levels of TF expressing microparticles were detected
in patients with active AAV compared with remission
(p<0.05). These levels correlated significantly with
BVAS (r=0.496, p=0.006). Increased TF expression was
observed in granulocytes isolated from bronchoalveolar
lavage fluid from patients with AAV. TF expressing NETs
were also seen in nasal biopsy samples from patients with
AAV and glomerular AAV lesions.

Urinary biomarkers of disease activity

Multiplexed urinalysis may provide valuable information
on glomerular inflammatory processes in AAV, reducing
the need for renal biopsy. Aendekerk et al detected
high urinary sCD163 levels (>30ng/mmol; 94% sensi-
tivity, 91% specificity) in 96 out of 110 patients (87%)
with active ANCA-associated GN, compared with only 1
out of 15 patients (7%) without inflammation on renal
biopsy (p<0.001).** Patients with crescentic GN had
higher urinary sCD163 levels compared with those in
the focal, sclerotic or mixed class disease. sCD163 corre-
lated with fibrinoid necrosis (r=0.48, p<0.001), capillary
breaks (r=0.51, p<0.001) and crescents (r=0.70, p<0.001)
on histopathology and inversely with the proportion
of normal glomeruli (r=-0.49, p<0.001). O’Reilly et al
found higher levels of normalised (ie, normalised ratio
to urinary creatinine level to control for urinary flow
rate variations) urinary sCD163 in patients with active
renal vasculitis (0.56ng/mmol) compared with renal
vasculitis in remission (0.11ng/mmol, p<0.001), active
extrarenal vasculitis (0.12ng/mmol, p<0.01) and extra-
renal vasculitis in remission (0.1ng/mmol, p<0.001)
(AUC 0.94 with cut-off O.f’)ng/mmol).25 These results
were validated in three independent cohorts. Dekkema
et al demonstrated that serum and urinary sCD25, an
IL-2 alpha receptor shed from T cells on activation, can
complement urinary sCD163 in the assessment of ANCA-
associated GN activity.”® Nonetheless, urinary sCD163
represented the single most reliable biomarker for active
ANCA-associated GN. A decision tree comprising these
three non-invasive biomarkers may be applied in clinical
practice.

In a study by Wu et al normalised urinary epidermal
growth factor (EGF) levels were significantly lower in
patients with active renal AAV compared with those in
remission (2.04+1.41 vs 2.63+1.31, p<O.OOl).27 EGF levels
were significantly associated with eGFR(log,) (=0.60,
p<0.001 at active stage; f=0.74, p<0.001 at remission)
and inversely with the grade of interstitial fibrosis and
tubular atrophy ($=-0.37, p=0.005). Patients with renal
treatment failure had lower normalised urinary EGF
levels pretreatment compared with those with a good
renal response (1.65+1.22 vs 2.16+1.26, p=0.04). EGF
levels were a predictor of the composite endpoint, that s,
ESRD or 30% reduction of eGFR, in multivariate analyses
(HR 0.61, 95% CI 0.45 to 0.83, p=0.001).

Gou et al demonstrated that normalised urinary Bb
(0.11 (0.04-0.21) vs 0.01 (0-0.03) pg/mg creatinine,
p<0.001), C3a (3.25 (0.99-13.30) vs 0.02 (0.01-0.05) ng/
mg creatinine, p<0.001), C5a (1.93 (0.67-9.01) vs 0.09
(0.01-0.05) ng/mg creatinine, p<0.001), sC5b-9 (52.73
(3.46-142.44) vs 0.20 (0-2.89)ng/mg creatinine,
p<0.001), Clq (3.69 (0.91-4.76) vs 0.17 (0.04-0.39) ng/
mg creatinine, p<0.001) and MBL levels (6.36 (2.15-
43.57) vs 0.30 (0.16-0.87) ng/mg creatinine, p<0.001)
were higher in patients with active ANCA-associated GN
compared with remission.” Bb levels correlated with both
the serum creatinine (r=0.56, p=0.002) and the propor-
tion of total crescents in the renal tissue (r=0.40, p=0.04)
and inversely with the proportion of normal glomeruli
(r=-0.49, p=0.009).

Urinary T cells may also inform us about ANCA-
associated GN activity. Sonnemann et al performed flow
cytometry to assess T-cell subset levels in the urine of 57
patients with AAV.* CD3', CD4" and regulatory T (Treg)
cell counts were significantly increased in patients with
active ANCA-associated GN. CD3" and Treg cell counts
were the most promising biomarkers with an AUC of 0.95
and 0.92, respectively (cut-off 3149 CD3" cells per 100 mL
(sensitivity 90%, specificity 92%); 60 Treg cells per
100mL (sensitivity 74%, specificity 96%)). The results
were confirmed in an independent validation cohort.
Interestingly, no differences in serum CD3’, CD4" and
Treg cell counts were found between the respective
groups. Urinary T-cell subpopulations therefore differ
from blood-based T-cell subpopulations in patients with
AAV.

Evidence synthesis: biomarkers of disease-related organ
damage

Blood-based biomarkers of disease-related organ damage
Currently, renal biopsy is the gold standard for the
assessment of glomerular sclerosis and fibrosis. However,
non-invasive methods such as blood-based and urinary
biomarkers may complement tissue assessment. Serum
endotrophin, a matrikine derived from collagen type 1V,
correlated with serum creatinine (r=0.81, p<0.0001) and
inversely with eGFR (r=-0.82, p<0.0001) in 47 patients
with AAV with renal involvement.” Levels were higher in
patients with chronic kidney disease (CKD) stage three
(p<0.01), four (p<0.001) or five (p<0.0001), compared
with those with CKD stage one. Serum levels correlated
significantly with the extent of renal fibrosis ((log,,
serum endotrophin) r_ . =0.32, p=0.003, when adjusted
for serum creatinine levels) and to the percentage of
sclerotic glomeruli (r=0.36, p<0.05). Endotrophin was
able to identify patients with advanced interstitial fibrosis
(AUC=0.799, p<0.001) and patients with advanced inter-
stitial fibrosis and tubular atrophy (AUC=0.861, p<0.001).
Higher levels were found in patients with crescentic
(p<0.01) or mixed GN (p<0.001) versus focal GN. Base-
line endotrophin levels could identify patients with wors-
ening CKD over a 3-year follow-up period (AUC=0.807,
95% CI 0.615 to 0.931; p<0.001).
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Biomarkers may also be of added value in the assess-
ment of AAV-related lung involvement. High CCL2 serum
levels in 49 patients with MPA were significantly associ-
ated with the presence of interstitial lung disease (ILD)
in multivariate analyses (327.6 (IQR 296.8-461.6) pg/
mL vs 249.1 (IQR 188.5-319.5) pg/mL; p=0.0018).*' The
optimal CCL2 cut-off for ILD diagnosis was 276.2 pg/mL
(AUC=0.77, sensitivity 88%, specificity 65%). Baseline
CCL2 levels correlated with total lung fibrosis scores at
l-year follow-up (r=0.51, p=0.005). Immunohistochem-
istry analysis of lung biopsies from three patients with
MPA-associated ILD revealed intense CCL2 staining in
CD68+/CD163 macrophages and metaplastic epithelial
cells.

Urinary biomarkers of disease-related organ damage
Normalised urinary endotrophin levels correlated with
serum creatinine (r=0.69, p<0.0001), renal fibrosis
(r=0.40, p<0.05), glomerular sclerosis (r=0.47, p<0.01)
and inversely with eGFR (r=-0.72, p<0.0001) in patients
with ANCA-associated GN.** Levels were higher in
patients with stage four (p<0.001) or five (p<0.0001)
CKD, compared with those with stage one CKD. Urinary
endotrophin discriminated patients with advanced
interstitial fibrosis (AUC=0.759, p=0.002) and patients
with advanced interstitial fibrosis and tubular atrophy
(AUC=0.839, p<0.001). Urinary mitochondrial (mt)
DNA levels correlated negatively with eGFR (r=-0.515,
p<0.001) in 39 patients with MPO-ANCA-associated
GN.” Patients warranting dialysis at disease onset had the
highest mtDNA levels. Levels were higher in patients with
crescentic GN (4703.08+1744.31 copy/nmol creatinine)
compared with those in the mixed (3258.14+1158.99,
p=0.029) and focal class (2268.15+1897.63, p=0.001).

DISCUSSION

This is the first contemporary comprehensive review
synthesising the value of non-invasive biomarkers in
the assessment of disease activity and organ damage in
patients with AAV. Several interesting conclusions can be
drawn from the evidence synthesis that may impact clin-
ical decision-making as well as the overall understanding
of AAV pathophysiology.

Summarised, various non-invasive biomarkers may
complement our current assessment of AAV disease
activity. The reappearance of MPO-ANCAs is a significant
predictor of relapse. Measurement of immune cell subsets,
neutrophil-related gene expression composite scores,
alternative complement pathway factors and several other
proteins including sCD25, MMP-3, CXCL13, TIMP-1,
IL-8, IL-15, IL18-BP, YKL-40, sPD-1 and SIP may aid in
discriminating active AAV from remission. Urinary levels
of sCD163 and several alternative complement pathway
components are increased in active ANCA-associated
GN versus remission. Furthermore, some non-invasive
biomarkers aid in the assessment of AAV-related organ
damage. Serum and urinary endotrophin and urinary

mtDNA levels reflect renal function. Interestingly, CCL2
levels reflect the presence of ILD. Several non-invasive
biomarkers correlate with histopathological features,
such as the proportion of renal crescents, glomerular
sclerosis and lung fibrosis. Non-invasive biomarkers may
therefore aid in predicting histopathology results and
long-term prognosis. Collectively, application of validated
blood-based and/or urinary biomarkers may reduce the
requirement for invasive tissue biopsies in the future and
may aid in further elucidating the pathophysiology of
AAV.

Although the diagnostic role of ANCA is well-defined,
the value of ANCA levels in the assessment of AAV disease
activity remains less clear. ANCAs develop due to a loss
of T and B-cell tolerance to the neutrophil proteins
MPO and/or PR3.”> ANCAs will subsequently attach
to these proteins and promote neutrophil activation.
The only high quality study included in this systematic
review evaluating the role of ANCAs in the assessment
of disease activity demonstrated that the reappearance
of MPO-ANCA following clinical remission is a signif-
icant predictor of relapse.'" This finding was recently
confirmed by a meta-analysis of 20 studies, showing that
a rise in ANCA level often precedes a relapse within 6
months (OR 3.65, 95% CI 1.66 to 8.03).%* An older meta-
analysis of nine studies demonstrated that a rising ANCA
titre at remission modestly predicted a relapse (summary
estimates for positive likelihood 2.84, 95% CI 1.65 to
4.90).*® At a minimum, this data warrants caution in the
follow-up and management of patients with AAV in clin-
ical remission with a reappearing or rising ANCA level.

Mounting evidence indicates that the alternative
complement pathway is involved in the pathophysiology
of AAV. The first reports date back to 2007 and 2009,
when it was demonstrated that CH-deficient and factor
B-deficient mice are protected from developing GN in
an MPO-AAV mouse model and Cba receptor deficient
mouse develop less anti-MPO-induced necrotising cres-
centic GN.* " Renal involvement in AAV is historically
described as a pauci-immune necrotising crescentic GN.
Nonetheless, several studies reported the deposition
of sC5b-9, C3c, C3d, C4d and factor B in glomeruli of
patients with ANCA-associated GN.****** Glomerular Bb
deposition correlated with the proportion of crescents
and the extent of interstitial fibrosis and tubular atrophy,
and inversely with the proportion of normal glomeruli.”®
Concordantly, studies described in this review demon-
strated the correlation between serum and urinary levels
of several alternative complement pathway components
and disease activity, renal function and the proportion
of crescents on renal histopathology in patients with
AAV."* 1 % Those studies were largely corroborated by
a meta-analysis by Moiseev et al comprising five studies,
describing increased plasma levels of sC5b-9 and Cba in
patients with active AAV compared with patients in remis-
sion.* The important role of the alternative complement
pathway in AAV pathophysiology has direct implications;
complement cascade inhibition is a promising treatment
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strategy in patients with AAV. Avacopan, a Cba receptor
antagonist, has shown to be a potential alternative to
prednisone in combination with rituximab or cyclophos-
phamide in the remission induction of GPA and MPA.”®
In addition, eculizumab, a C5 inhibitor, has shown effi-
cacy in the glucocorticoid-free remission induction of
a patient with severe MPO-ANCA associated GN.*' The
above-described reports depict a translational and preci-
sion health success story, in which bench discoveries lead
to significant benefit at the bedside of individual patients.

sCD163 emerged as a novel biomarker with poten-
tial relevance in several autoimmune diseases. CD163
is a scavenger receptor on M2 macrophages; when
cleaved and released in the circulation, sCD163 func-
tions as a marker of macrophage activation.* * In the
current review we described the value of urinary sCD163
as a marker of active ANCA-associated GN.*** Urinary
sCD163 levels have been demonstrated to distinguish
active lupus nephritis from remission.” ** Furthermore,
urinary sCD163 levels correlate with IgA nephropathy
severity.” Urinary sCD163 is therefore a promising non-
invasive biomarker in multiple autoimmune kidney
diseases; future research should assess how this marker
can be incorporated in our clinical decision-making.

Notwithstanding the potential value of the reported
candidate biomarkers, several limitations and knowl-
edge gaps remain. First, a meta-analysis of the reported
study results was not feasible considering the reported
data. However, this systematic review described 22 high
quality articles published in the last decade and reported
non-invasive biomarkers of AAV-related disease activity
and/or organ damage. Second, few studies included
patients with EGPA. Overall, EGPA is a neglected disease
in translational and clinical research, possibly because
of its rarity, heterogeneity and the challenges involving
its diagnosis and classification. A deeper understanding
of EGPA pathophysiology and associated candidate
biomarkers is lacking. Third, this review involved few
paediatric patients. Childhood-onset AAV is a rare but
severe disease with treatment algorithms based on
randomised controlled trials in adult patients or expert
consensus guidelines, rather than paediatric studies.
This highlights the critical need to increase childhood-
onset AAV research. Fourth, many AAV studies were
based in Chinese or Japanese centres, likely leading to an
overwhelming majority of the included patients having
MPO-ANCA positivity. Data from these studies may not
be extrapolated to PR3-ANCA positive patients. Finally,
the heterogeneity in the diagnosis, classification, clin-
ical presentation and management of patients with AAV
impedes an overarching assessment of AAV biomarkers.
These unmet needs must be addressed before precision
health can be applied to AAV.

In conclusion, several non-invasive biomarkers may
be beneficial in the assessment of AAV-related disease
activity and/or organ damage. Promising markers
involve the alternative complement pathway, neutrophil
activation and macrophage activation. Further validation

of candidate biomarkers in large prospective cohorts and
patients with childhood-onset AAV is warranted before
routine clinical implementation. It seems unlikely that
a single biomarker will be able to provide sufficient
discriminative power to impact our clinical decision-
making; multiplexed biomarker panels should therefore
be developed and validated in patients with AAV. The
ultimate goal is to enhance precision health by obtaining
a more reliable assessment of disease extent, severity and
prognosis at presentation precluding the need for serial
biopsies.
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