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ABSTRACT

Avoiding end-stage kidney disease in patients with anti-neutrophil cytoplasmic antibody–associated vasculitis (AAV) has
a high therapeutic priority. Although renal response is a crucial measure to capture clinically relevant changes, clinal
trials have used various definitions and no well-studied key surrogate markers to predict renal outcome in AAV exist.
Differences in clinical features and histopathologic and therapeutic approaches will influence the course of kidney
function. Its assessment through traditional surrogates (i.e. serum creatinine, glomerular filtration rate, proteinuria,
hematuria and disease activity scores) has limitations. Refinement of these markers and the incorporation of novel
approaches such as the assessment of histopathological changes using cutting-edge molecular and machine learning
mechanisms or new biomarkers could significantly improve prognostication. The timing is favourable since large
datasets of trials conducted in AAV are available and provide a valuable resource to establish renal surrogate markers
and, likely, aim to investigate optimized and tailored treatment approaches according to a renal response score. In this
review we discuss important points missed in the assessment of kidney function in patients with AAV and point towards
the importance of defining renal response and clinically important short- and long-term predictors of renal outcome.

LAY SUMMARY

This review focuses on kidney survival of patients with anti-neutrophil cytoplasmic antibody–associated vasculitis.
Impaired kidney function is a major contributor to morbidity and mortality. In this review we discuss current
knowledge about recovery potential of the kidney, influences thereof and how future modern approaches may help to
improve prediction. This will eventually include kidney biopsies, markers measured in blood and urine and baseline
characteristics of patients.
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THE SCOPE OF THE PROBLEM: SEVERE KIDNEY
DISEASE IMPACTS ON PROGNOSIS

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) is a rare systemic autoimmune disease affecting
small to medium-sized vessels and is characterized by au-
toantibodies against the major target of the neutrophil pro-
teins, leucocyte proteinase 3 (PR3) and myeloperoxidase (MPO)
[1]. AAV includes three clinically distinct groups: granulomato-
sis with polyangiitis (GPA), microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangiitis (EGPA) [2, 3].
There is a 2.7-fold increased all-cause mortality risk among AAV
patients compared with the general population [4]. Although
cardiovascular disease and infections are important contribu-
tors to premature death [5, 6], the initial presence and the sever-
ity of kidney dysfunction are the most important predictors of
mortality [7–9].

The frequency and severity of kidney involvement differ ac-
cording to the clinical phenotype and ANCA serology. Despite
refinement of approaches to induce and maintain remission in
recent years, the rate of end-stage kidney disease (ESKD) re-
mains high [1, 10]. Patients with systemic forms of MPA and
GPA, characterized by multi-organ involvement, present with
MPO- and PR3-ANCA and with kidney involvement in approx-
imately 90–100% and 50–80%, respectively [1, 7, 11]. In con-
trast, EGPA patients have a substantially lower rate of kidney

involvement (≈25%); however, differences according to ANCA
positivity (predominantly MPO-ANCA) can be observed [7, 12].
Typically, AAV patients present with the clinical picture of
rapidly progressive glomerulonephritis and face a rapid decline
in kidney function, necessitating immediate therapy initiation
to preserve kidney function and avoid the immediate threat of
ESKD. Still, a subset of predominantly MPO-ANCA-positive pa-
tients may follow a slowly progressive course of kidney function
deterioration, frequently associated with irreversible kidney le-
sions at their first presentation [13].

It is well recognized that kidney function impairment at the
first presentation is associated with a transition from acute kid-
ney injury to chronic kidney disease (CKD). Thus, halting pro-
gression of damage due to active vasculitis and thereby achiev-
ing kidney function recovery is a key therapeutic goal. A tool
to quantify renal response is crucial not only to assess thera-
peutic response, but also to provide guidance for future clin-
ical trials. However, the association of the extent of recovery
with short- and long-term outcomes requires accurate defini-
tions. This review raises the question: How do we define re-
nal response in AAV Fig. 1? It becomes obvious that the focus
should be turned towards defining standardized surrogate kid-
ney markers associated with better long-term kidney and mor-
tality outcomes. An ongoing project by the American College
of Rheumatology (ACR) and European Alliance of Associations
for Rheumatology (EULAR) is developing consensus response
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Figure 1: Definition and assessment of renal response in AAV. A schematic overview of surrogate markers of renal injury and potential renal recovery prediction,

including differences in the definition (‘hard’ endpoints such as kidney replacement therapy or death from kidney failure) and assessment with novel and established
methods).



Challenges of defining renal response in AAV 967

definitions for clinical trials but is not focusing on kidney
responses [14].

WHAT IS THE CURRENT DEFINITION OF
RENAL RESPONSE IN AAV AND WHAT
IMPORTANT POINTS ARE MISSED?

Various definitions of clinical response have been used in AAV
clinical trials [15]. Stabilization of serum creatinine level and res-
olution of renal hematuria are considered as markers of control
of kidney inflammation. The Kidney Disease: Improving Global
Outcomes (KDIGO) 2021 Clinical Practice Guideline for the Man-
agement of Glomerular Diseases [16] defines renal remission as
stable or improved estimated glomerular filtration rate (eGFR),
while the presence of hematuria and proteinuria may be con-
sidered as markers of active disease or chronic parenchymal
damage (i.e. in the case of proteinuria).While this definition pro-
vides a rough direction, it is not known which extent of kidney
function recovery and course are associated with favorable out-
comes. In this regard, landmark clinical trials in AAV used differ-
ent study definitions to describe renal response after initiation
of remission induction therapy. In a secondary analysis of the
Rituximab for the Treatment of Wegener’s Granulomatosis and
Microscopic Polyangiitis (RAVE) trial focusing on AAV patients
with kidney involvement, renal remission was defined as stabi-
lization or improvement in serum creatinine and resolution of
hematuria [17], while most of the previous or later trials inves-
tigated changes in eGFR from baseline to assess renal response
after therapy initiation [18–21]. Importantly, most of the trials
did not look at renal remission as a primary endpoint, and renal
response is usually defined as changes in serum creatinine level
(i.e. using predefined cut-offs) or hematuria rather than eGFR-
based measures.

Time points of outcome assessment

Assessment of endpoints vary between studies. A 3- to 6-month
assessment of disease activity is typically used to investigate
the efficacy of remission-inducing agents, and this should pick
up differences in the speed of action of therapeutic agents, al-
though earlier remission has been shown to reduce long-term
ESKD andmortality risks [22]. One such agent is rituximab (RTX),
and the general belief is that the onset of action of RTX is
slower as comparedwith cyclophosphamide (CYC) or glucocorti-
coids (GCs) [23], particularly due to the missing effect on certain
T cell–mediated pathways. However, GCs in combination with
RTX have similar clinical efficacy in AAV patients with kidney
involvement [19, 24] compared with GCs in combination with
CYC and followed by azathioprine (AZA), and some patients
did respond to RTX monotherapy [25]. Moreover, early GC with-
drawalmight be similarly effective in remission induction as the
standard of care in patients with severe AAV [26]. In the AD-
VOCATE trial (NCT02994927), patients with kidney disease and
eGFR <30 ml/min/1.73 m2 at baseline who received avacopan
had a slightly delayed kidney function recovery immediately af-
ter therapy initiation as compared with the prednisone group.
However, the same group experienced greater improvements in
eGFR at both 26 and 52 weeks of follow-up [21]. This observa-
tion challenges the view that high doses of GCs are needed to
abrogate inflammatory pathways leading to worsening of kid-
ney function. It is important to note that C5aR1, which is the
target of avacopan, is expressed by several key mediators of

inflammation in AAV, including monocytes, macrophages and
neutrophils [27], and this might explain the superior kidney
function recovery potential of this agent. Thus far, it remains
unclear whether the immediate or long-lasting action of a cer-
tain agent has sustained effects on kidney outcomes and further
exploratory studies are needed.

Relevance of kidney function recovery

Baseline kidney function is an important subject when dis-
cussing outcome. Many randomized clinical trials have ex-
cluded AAV patients with more severe kidney function im-
pairment at baseline. The RAVE trial excluded patients with a
serum creatinine ≥4 mg/dl (353.6 μmol/l), but found in those
with kidney disease a similar improvement of mean eGFR
(RTX: +8 ml/min/1.73 m2; CYC/AZA: +7 ml/min/1.73 m2) af-
ter 18 months of follow-up [28]. In contrast, the RITUXVAS
trial enrolled AAV patients with more advanced renal dys-
function [19]. In this study, a median GFR increase of 19 and
15 ml/min/1.73 m2 was observed at month 12 in patients who
received either RTX (two pulses of CYC were given in this group)
or CYC/AZA. Similarly, patients with more severe kidney dys-
function in the ADVOCATE trial had a greater improvement in
mean eGFR in both study groups as compared with those with
better kidney function [21]. This points towards the possibil-
ity of a more pronounced kidney function recovery in those
with a more active/severe disease presentation at baseline and
that the recovery potential might be predicted by acute histo-
logic lesions. Importantly, age plays a crucial role in the predic-
tion of kidney function recovery in those with acute presenta-
tion and recovery is more pronounced in pediatric patients and
young adults [29]. Nevertheless, an exact definition of a clini-
cally meaningful extent of kidney function recovery after remis-
sion induction therapy is lacking. Kidney function changes ob-
served in landmark induction trials in AAV are summarized in
Table 1.

Severity of kidney disease and long-term outcome

It seems obvious that patients with more severe and acute kid-
ney disease may benefit from a more aggressive therapeutic ap-
proach, such as the addition of plasma exchange (PLEX). In the
PEXIVAS trial (NCT00987389) [30], the median serum creatinine
levels were 3.7 mg/dl (327 μmol/l) and 3.8 mg/dl (336 μmol/l) in
the PLEX versus the control group, respectively. Approximately
30% of the patients had a serum creatinine level ≥5.7 mg/dl
(500 μmol/l) or underwent dialysis. ESKD was a part of the pri-
mary composite outcome (together with death) and occurred in
28.4% and 31.0% of the cases [30]. The primary endpoint was as-
sessed after almost 3 years on average of follow-up, but PLEX
has an immediate effect on antibody titers and a therapeutic ef-
fect might be seen at an earlier stage, i.e. at 3 months. Indeed,
the smaller MEPEX trial (NCT01408836) included patients with a
serum creatinine ≥5.7 mg/dl (500 μmol/l) at baseline and found
a beneficial effect of PLEX on ESKD at 3 and 12months [21]. A ret-
rospective study from the French Vasculitis Study Group aimed
to refine the indication for PLEX and found the degree of kidney
function impairment and MPA predictors of response. The addi-
tion of histologic parameters indicated that especially patients
with a crescentic class on kidney biopsy would benefit from the
addition of PLEX [31], which is in line with our understanding
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Table 1: Summary of kidney function changes observed in landmark induction therapy trials in AAV.

Clinical trial
(AAV patients
involved)

Treatment
(patients with
renal disease)

Outcome
measure

Outcome
measure at
baseline

Time point of
outcome

assessment
Outcome measure at

end of follow-up

CYCLOPS
(n = 149) [81]

Pulse versus
daily oral CYC

eGFR
(ml/min/1.73m2)

32 (15–52) versus
29 (18–48)

3 months 45 (28–64) versus 44
(30–63)

6 months 40 (28–60) versus 50
(37–64)

MYCYC
(n = 140) [20]

MMF versus CYC
(n = 81)

eGFR
(ml/min/1.73m2)

51 (29–92) versus
51 (31–79)

18 months 68 ± 4 versus 68 ± 4

RITAZAREMa

(n = 188) [82]
RTX; reduced
versus
standard-dose
GC (n = 88)

Serum
creatinine
(μmol/l)

92.5 (37.1–472) 4 months 97.3 (42–542)

RITUXVAS
(n = 44) [19]

RTX versus
CYC/AZA (n = 44)

eGFR
(ml/min/1.73m2)

20 (5–44) versus
12 (9–33)

12 months 39 (20–45) versus 27
(12–47)

RAVE
(n = 102)b [28]

RTX versus
CYC/AZA (n = 51
each group)

eGFR
(ml/min/1.73m2)

41.4 ± 3.3 versus
50.4 ± 3.3c

18 months 49 ± 3.4 versus
57 ± 3.4c

MEPEX
(n = 137) [83]

IV MP versus
PLEX

Serum
creatinine
(μmol/l)

718 (498–1566)
versus 754
(500–1669)

12 monthsd 198 (172–225) versus
199 (177–224)

PEXIVAS
(n = 704) [30]

PLEX versus
non-PLEX
(n = 691)

Serum
creatinine
(μmol/l)

327 (206–491)
versus 336
(209–495)

n.d. n.d.

Reduced versus
standard-dose
GC (n = 691)

320 (190–480)
versus 335
(219–502)

n.d. n.d.

ADVOCATEe

(n = 330) [21]
Prednisone
versus avacopan
(n = 265)

eGFR
(ml/min/1.73m2)

45.6 ± 2.36
versus
44.6 ± 2.42c

Week 26 +2.9 ± 1.03 versus
+5.8 ± 1.04f

Week 52 +4.1 ± 1.03 versus
+7.3 ± 1.05f

UACR (mg/g) 312.2 (11–5367)
versus 432.9
(20–6461)

Week 26 −70 ± 9.5% versus
−63 ± 9.7%g

Week 52 −77 ± 9.6% versus
−74 ± 9.8%g

MCP-
1:creatinine
ratio (pg/mg)

947.8 (160–6525)
versus 983.8
(138–6145)

Week 26 −64 ± 5.7% versus
−67 ± 5.9%g

Week 52 −71 ± 5.9% versus
−73 ± 6.0%g

IV: intravenous; MMF: mycophenolate mofetil; MP: methylprednisolone; n.d.: no data reported; UACR: urinary albumin:creatinine ratio.
Data are presented as median (range) or mean ± standard deviation unless stated otherwise.
aAAV patients with relapsing disease.
bPatients who had at least one major renal BVAS item.
cMean ± SEM.
dIn patients who had renal recovery.
eIn patients with renal disease at baseline based on BVAS.
fChange from baseline, least square mean ± standard error of the mean.
gPercent change from baseline, least square mean ± standard error of the mean.

that cellular crescents are linked with acuity of kidney
involvement.

Key point: The definition of renal response in AAV varies
among clinical trials. No standardized, accepted model to
define renal outcome prediction exists. Thus the impact
of kidney function recovery (extent) and the ideal time
point of assessment of early renal response (3 months ver-
sus 6 or 12 months) on long-term renal outcome remains
unclear.

WHICH KIDNEY SURROGATE MARKERS ARE
USED TO ASSESS RENAL RESPONSE IN AAV
AND WHAT ARE THE LIMITATIONS?

Traditional serum markers: creatinine and GFR

Although a rapid rise in serum creatinine predicts chronic kid-
ney damage in AAV [32], the use of serum creatinine has lim-
itations. It is notably variable within individuals and is influ-
enced by different factors, thus repeatedmeasurements to verify
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abnormal results are often required.Moreover, serum creatinine
is considered as a late indicator of kidney function impairment.
The estimation of GFR is more accurate since it includes other
variables and should be used rather than serum creatinine alone
[33]. In accordance, a recent international consensus suggested
well-defined definitions on kidney failure outcomes, including
GFR-based surrogates (i.e. sustained low GFR or sustained per-
cent decline in GFR) to predict progression to ESKD [34]. While
these outcome definitions are based on a broad consensus, the
course of kidney function might be highly variable between
CKD populations with different disease phenotypes in addi-
tion to interindividual variability. However, the proposed GFR-
based surrogates for kidney failure have not been extensively
tested in large cohorts of patients with AAV and thus need vali-
dation and perhaps adaptation. Additionally, the median time
to nadir serum creatinine in patients with ANCA-associated
glomerulonephritis is 88 days and 50% of patients con-
tinue to experience improvement in serum creatinine beyond
3 months, a time point for initiation of maintenance therapy
[35]. The assessment point for renal function recovery remains
undefined.

Traditional urinary markers: hematuria

Hematuria is a characteristic feature of kidney involvement in
AAV. Despite its diagnostic and clinical importance, studies on
its utility for the prognostication of renal outcome are discor-
dant. Some observational studies have reported an association
between persistent hematuria and higher risk of renal relapses
[36] or worsening of kidney function [37], while other authors
have found no relationship with kidney function at 1 year after
remission induction therapy [38]. Whether hematuria is a sign
of ongoing glomerular inflammation or just a consequence of
chronic damage is an open question [39, 40] and needs to be
addressed in prospective studies. Studies using repeated kid-
ney biopsies in the case of persistent or worsening hematuria
are essential to answer these questions. A small study with in-
terval biopsies after a median time of 130 days indicated low
agreement with clinically suspected active disease, which was
found in only 41% of patients [41]. More important informa-
tion might be related to changes in the severity of hematuria
[i.e. percentage of dysmorphic red blood cells (RBCs)], and addi-
tional studies in which the quantity of hematuria as part of the
renal response and its association with the renal outcome are
analyzed are needed. For this aim, however, other main chal-
lenges such as the definition of hematuria or the standard-
ization of the method used for urine assessment need to be
defined. As essential nephrological investigations, automated
(blood cell counting or urine flow cytometry) or microscopic
(light, including phase contrast microscopy) evaluations can be
used for urinalysis, whereas microscopic assessment (ideally
performed by a nephrologist) is essential to identify dysmor-
phic RBCs [42, 43] or RBC casts. Nevertheless, the availability
of urine microscopy is limited in some centers and standard-
ized nephrological training programs on its evaluation are often
missing. Consequently, efforts to standardize hematuria assess-
ment approaches (i.e. usingmicroscopic examination) and accu-
rate definitions of renal hematuria are needed to provide better
accuracy.

Traditional urinary markers: proteinuria

According to the KDIGO 2021 Clinical Practice Guideline for the
Management of Glomerular Diseases [16], persistent proteinuria

is considered as a marker of chronic kidney damage in patients
with AAV. In patients with CKD, the severity of proteinuria is
associated with worse renal outcome, irrespective of baseline
eGFR, [44] and is a strong predictor of ESKD [45]. In AAV, the de-
gree of proteinuria might vary on a larger scale [46], but obser-
vational studies have found a positive correlation between base-
line proteinuria and renal outcome [47, 48].On the other hand,de
Joode et al. [49] reported no significant association between per-
sistent proteinuria (as assessed at baseline and 6 months after
remission induction) and ESKD. In accordance, an analysis of the
Wegener’s Granulomatosis Etanercept Trial and RAVE trial data
also found no significant effect of persistent proteinuria at the
time of remission on eGFR slopes [36]. Nevertheless, differences
in the extent of proteinuria (both unselective and selective) ac-
cording to histopathological classification and the presence or
absence of immune complexes were observed [50, 51]. This as-
sociation might be explained in part by the proportion of nor-
mal glomeruli.However, the tubular toxicity of proteinuriamight
directly contribute to interstitial fibrosis and tubular atrophy
[52], and consequently to worse renal outcome. This might also
explain—at least in part—the relationship between the extent of
proteinuria and histopathological classification observed inAAV.
As such, simultaneous consideration of changes in proteinuria
andhistopathology (as discussed below)might serve as a reliable
surrogate marker in assessing renal response and consequently
in prognostication of renal outcome. Nevertheless, early block-
ade of glomerular inflammation and consequent resolution of
proteinuria might also be a more precise marker of renal re-
sponse if the clinically significant reduction is defined properly.

Birmingham Vasculitis Activity Score (BVAS)

The BVAS is a validated tool for assessing disease activity of var-
ious systemic vasculitides and consists of scored items divided
into nine organ systems [53, 54]. The renal items include the
presence of hypertension, proteinuria (>1+ assessed by urine
protein spot), hematuria (≥10 RBCs/high-power field), serum
creatinine divided into three groups (1.41–2.82, 2.83–5.64 and
≥5.66 mg/dl) and an increase in serum creatinine by >30% or
a decrease in creatinine clearance by >25%, all related to active
vasculitis. Changes in at least one major BVAS renal item are
usually used to either describe kidney involvement or define re-
nal relapse in clinical trials recruiting AAV patients. Neverthe-
less, it does not provide reliable information on the activity of
the inflammatory processes at the tissue level and its use in as-
sessing renal response might be limited in various clinical sce-
narios (i.e. in the setting of acute kidney injury, in the presence
of chronic tissue damage or if extrarenal hematuria is present)
due to its semiquantitative analysis.

Key point: Traditional serum and urinary markers are widely
used as surrogatemarkers to define renal response in AAV, how-
ever, several significant limitations in their use exist. Further
efforts towards validation and standardization are warranted.
BVASmisses key aspects of kidney involvement in AAV,negating
its use in the assessment of renal response.

CAN THE ANCA TITER AND NEWER BLOOD
AND URINE BIOMARKERS REVEAL RENAL
RESPONSE IN AAV PATIENTS?

ANCA

Both blood and urine biomarkers reflecting immunological
and inflammatory processes in the kidney might be important
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alternatives to assess renal response in AAV. Although ANCA
has an undisputed diagnostic value in AAV, its role as a response
biomarker in the assessment of disease relapse risk is debated.
A meta-analysis found that persistent positive or increasing
ANCA levels are modestly associated with future disease re-
lapses [55]. Nevertheless, patients with PR3-ANCA positivity
(either persistent or reappearance) treated with RTX had a
higher risk of relapse while the absence of PR3-ANCA is highly
associated with a relapse-free status [56, 57]. Interestingly, an
increase in PR3-ANCA titer specifically predicted disease relapse
in patients with baseline kidney involvement or alveolar hemor-
rhage [58]. Accordingly, in their analysis of 166 AAV patients (104
with renal involvement and 62 with non-renal disease), Kemna
et al. [59] observed an 11-fold higher risk for subsequent relapse
associated with an ANCA increase in those with kidney disease,
while it was less predictive in patients with non-renal disease.
Whether these observations may determine the pathogenicity
of ANCA in the kidney or are the consequence of a more severe
vasculitic disease phenotype remains unresolved. Moreover, no
studies thus far have investigated the course of ANCA titers and
the impact on kidney function during follow-up. Notably, ANCA
titers can also be influenced by antibody detectionmethodology,
including assay type, detection limit or epitope masking [58,
60], which may have a significant effect on the utility of ANCA
as a response biomarker. Therefore, rising ANCA titers may
necessitate close clinical follow-up, but it is not clear whether
its persistence or changes of its level after remission induction
might serve as a marker of renal response.

Novel markers: urinary sCD163 and monocyte
chemoattractant protein-1 (MCP-1)

Several promising markers, such as complement components
and urinary proteins and chemokines, have been investigated
in recent years [60]. One of these marker molecules is urinary
soluble CD163 (sCD163), a membrane protein localized on the
surface of monocytes and macrophages, which was shown to
be associated with the activity of renal vasculitis [61] and also
indicated renal relapse with an excellent discrimination [62].
Moreover, the addition of the T cell activation marker sCD25,
both in urine and serum, helped to identify patients with early
renal damage, as some patients might remain undetected if
urinary sCD163 is measured alone [63]. Asmonocytes play a cru-
cial role in substantiating inflammation in the kidney [64], fur-
ther biomarkers reflecting their function have been evaluated in
AAV. Among others,monocyte chemoattractant protein-1 (MCP-
1), a potent chemotactic factor for monocytes, was shown to be
a useful marker to identify kidney involvement and assess ther-
apy response [65]. In a recent analysis, most of the AAV patients
who developed ESKD had distinct differences in theMCP-1 gene
(A/A genotype at -2518) associated with higher urinary MCP-1
levels at baseline [66]. Nevertheless, these markers need further
validation, especially in the setting of renal response,which first
requires an understanding of their role in the development of
kidney disease in AAV.

The future of biomarker discovery in AAV

Significant developments in biomarker discovery, such as omics-
based strategies, are currently arising; nevertheless, data with a
focus on AAV are yet limited. Proteomics approaches have iden-
tified distinct dysregulated pathways in AAV [67, 68], and gene
expression signatures using transcriptomics-predicted clinical
outcomes are examples of the potential of ‘omics’ approaches

[69], but data from well-defined clinical cohorts in AAV are
currently missing. Modern approaches will eventually lead to
a new era of precision medicine, shaping our understanding
of how specific therapies promote renal response in patients
with AAV.

Key point: The impact of changes in ANCA titers on kidney func-
tion over time is unknown. Novel urinary markers (i.e. sCD163
and MCP-1) provide promising alternatives to assess the activ-
ity of renal vasculitis, while their role as renal response mark-
ers needs to be further validated. Cutting-edge omics-based
technologies could enable a new era of biomarker discovery
in AAV.

CAN A KIDNEY TISSUE SPECIMEN PREDICT
KIDNEY FUNCTION RECOVERY?

Kidney biopsy results inform about the potential of kidney
function recovery in most cases. Analysis of 55 patients with
PR3-ANCA and 74 patients with MPO-ANCA vasculitis revealed
that patients with PR3-ANCA vasculitis more frequently have
acute lesions, i.e. a focal form of crescentic glomerulonephri-
tis and glomerular necrosis, while patients with MPO-ANCA
vasculitis present with more severe damage at the time of
initial diagnosis, characterized by diffuse crescentic glomeru-
lonephritis, glomerulosclerosis and interstitial fibrosis [70]. The
latter also explains the speed of kidney function decline and
subsequent recovery in some patients with MPO-ANCA vas-
culitis, presenting with a slowly progressive form of ANCA-
glomerulonephritis that is characterized by a renal-limited form
of vasculitis and a predominance of glomerulosclerosis at the
time of biopsy. Glomerulosclerosis represents irreversible dam-
age, but despite the predominance of these lesions, most pa-
tients in this study experienced a response to therapy, with an
improvement in eGFR ≥25% at 6 months reported in 73%. This
was accompanied by a significant reduction in proteinuria over
time [13].

Histopathologic prediction scores were established in recent
years. The Berden score focuses on histology and incorporates
the percent of normal glomeruli, the percent of crescents and
the percent of glomerulosclerosis (for classes, see Table 2).
Long-term prognosis is excellent in patients with a focal class,
intermediate in thosewith either a crescentic ormixed class and
worst in those with a sclerotic class. Notably, kidney function at
baseline is similar in patients with a crescentic or sclerotic class,
while marked differences are observed in terms of kidney func-
tion recovery [71]. A small study on repeated protocol kidney
biopsies revealed a progression of the Berden score in almost
all investigated cases, suggesting ongoing disease activity de-
spite initiation of immunosuppressive therapy [72]. Sequential
assessment of the Berden classification indicated a class switch
in 50%, with a histologic progression reported in 30% [41]. Con-
sequently, implementation of protocol biopsies might be a
useful tool to determine therapy response. Glomerular
histopathological changes do not occur in isolation, and
severe glomerulosclerosis is usually accompanied by extensive
tubulointerstitial damage [interstitial fibrosis/tubular atrophy
(IF/TA)]. The addition of these changes did not add additional
value when assessed by Berden et al. [73].

In contrast, the Brix score and the Mayo Clinic Chronicity
Score (MCCS) both found a value of IF/TA in prognostication. The
Brix score incorporates the percent of normal glomeruli, percent
of IF/TA and baseline eGFR and subdivides the groups into low,
medium and high risk to develop kidney failure. At 3 years of
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Table 2: Summary of different risk scores used to predict outcomes of patients with ANCA glomerulonephritis.

Score
Risk
groups Berden [73] Brixa [74] MCCSb,c [75]

Focal (≥50% normal glomeruli) eGFR at
presentation: 50 ± 29 ml/min/1.73 m2

Low risk (0), kidney survival at
3 years: 100%

Minimal (0–1) eGFR at baseline:
48.3 ml/min/1.73 m2Renal recovery: 83.8%

eGFR at 1 year: 61 ± 24 ml/min/1.73 m2

Crescentic (≥50% cellular crescents) eGFR at
presentation: 18 ± 16 ml/min/1.73 m2eGFR at
1 year: 37 ± 21 ml/min/1.73 m2

Intermediate risk (2–7), kidney
survival at 3 years: 96%

Mild (2–4) eGFR at baseline:
29.2 ml/min/1.73 m2Renal recovery: 68.5%

Mixed (<50% normal, cellular crescents,
globally sclerotic, each) eGFR at presentation:
27 ± 19 ml/min/1.73 m2eGFR at 1 year:
38 ± 21 ml/min/1.73 m2

High risk (8–11), kidney
survival at 3 years: 77%

Moderate (5–7) eGFR at baseline:
23.7 ml/min/1.73 m2Renal recovery: 52.4%

Sclerotic (≥50% globally sclerotic glomeruli)
eGFR at presentation:
19 ± 12 ml/min/1.73 m2eGFR at 1 year:
20 ± 16 ml/min/1.73 m2

Severe (≥8) eGFR at baseline:
18.5 ml/min/1.73 m2Renal recovery: 39.3%

aANCA renal risk score comprises percentage of normal glomeruli [N0 (>25%, 0 points), N1 (10–25%, 4 points), N2 (<10%, 6 points)], tubular atrophy/interstitial fibrosis
[T0 (≤25%, 0 points), T1 (>25%)] and kidney function at the time of diagnosis (eGFR) [G0 (>15 ml/min/1.73 m2), G1 (≤15 ml/min/1.73 m2)].
bMCCS: (a) global and segmental glomerulosclerosis; (b) tubular atrophy; (c) interstitial fibrosis (<10% = 0; 10–25% = 1; 26–50% = 2; ≥50% = 3; each category a–c), (d)

arteriosclerosis (intimal thickening ≥ media thickness = 1).
cDefinition of renal recovery: independence of kidney replacement therapy (for those in whom this therapy was initiated, as improvement of eGFR to val-
ues ≥30 ml/min/1.73 m2 (if severe renal disease at diagnosis), improvement of renal function (if non-severe renal disease at diagnosis) or sustained eGFR
≥30 ml/min/1.73 m2.

follow-up, patients in the high-risk group develop ESKD more
frequently compared with the other groups [74]. Tubulointersti-
tial changes are weighted the most in the MCCS, which accu-
rately predicts renal recovery. Baseline kidney function differs
between the four different categories [75] (see Table 2 for fur-
ther information).Despite differences inweighting and assessed
items, all of these scores uniformly report that chronic and irre-
versible histopathological changes are important in predicting
long-term renal survival. A refinement of these scores in com-
bination with clinical surrogate markers, ideally incorporating
machine learning algorithms, and implementation of novel ap-
proaches such as deep learning–based molecular morphomet-
rics [76] will allow further improvement in prognostication at
baseline.

Key point: The association between histopathological changes
and renal outcome is well established; nevertheless, fur-
ther refinement of the histopathologic scores is needed and
under way. Validation of repeated protocol kidney biopsies
as markers of renal response in well-defined cohorts is
necessary.

What is the practical value of better predictors of renal
response and what are the target endpoints?

Outcome prediction can eventually lead to refinement of in-
duction therapy. In patients with the potential for kidney func-
tion recovery (high percentage of cellular crescents, younger age,
non-oliguric/anuric kidney function, PR3-ANCA positive) [70, 77],
greater immunosuppression might be initiated. This warrants
further studies in larger cohorts, incorporating novel therapeu-
tic approaches that hold great promise in leading to better eGFR
recovery. In the long-term, every little bit of eGFR improvement
counts, as patients need to live with the consequences of CKD
and its sequelae. Demographic and laboratory parameters and

histology need to be assessed in a large sample with discovery
and replication cohorts to estimate the value to predict eGFR in
the short and long term. Accordingly, recent analysis of major
studies in lupus nephritis have provided evidence that the deter-
mination of well-established key surrogate markers can predict
favorable long-term renal outcome and consequently open the
way to better clinical trial designs [78]. Aside from the traditional
endpoints, such as death from kidney failure, kidney transplan-
tation or renal relapse, newer hard endpoints need to point to-
wards eGFR recovery potential (i.e. eGFR slope based on valida-
tion in AAV cohorts) of a novel drug, which ideally needs to be
assessed only in patients without renal relapse during follow-
up. In those with a critical impairment of kidney function, the
avoidance of a further decline in eGFR needs to be the target
of continuous follow-up. Long-termmaintenance strategies and
eventually the addition of nephroprotective substances such as
sodium–glucose cotransporter 2 inhibitors [79] after successful
induction therapy need to be considered in such cases.

In conclusion: do we need to act?

Although renal response is a crucial measure and avoiding ESKD
is one of the main goals in the therapy of AAV with kidney
disease, no standardized, internationally accepted definition for
key surrogate markers to predict renal outcome exist. As a pre-
requisite to further study renal outcome in AAV, a common def-
inition of surrogate markers in outcome prediction is required.
Therefore, establishing reliable markers that are clinically rele-
vant, responsive to change and easily accessible by physicians
is a high priority. Moreover, a more precise definition of re-
nal response of different therapeutic agents with immediate
or longer-lasting action while distinguishing changes in short-
term kidney function on long-term renal outcome need to be
extensively investigated. As expected, the occurrence of a renal
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Box 1: Research agenda for studies assessing renal response in patients with AAV

Topic Recommendations

Determine key renal surrogate markers for the assessment
of early renal response/kidney function recovery in AAV

Test whether serum creatinine or eGFR can be used as a renal
surrogate marker.

Test whether proteinuria can be used as a renal surrogate marker.

Standardize and test whether hematuria/urine sediment can be
used as a renal surrogate marker.

Test whether ANCA (use standardized assays) or newer
biomarkers (i.e. urinary sCD163 or MCP-1) can be used as a renal
surrogate marker.
Use novel molecular (i.e. multi-omics) approaches to identify new
targets for kidney surrogate marker evaluation.

Determine the role of kidney histopathology in
combination with renal surrogate markers for the
assessment of renal response in AAV

Test whether the incorporation of baseline histopathological
changes can improve the predictive value of renal surrogate
markers.

Develop clinical studies using protocolized/repeated kidney
biopsies.

Use novel cutting-edge approaches (i.e. machine learning) to
identify further histopathological patterns associated with better
clinical outcome.

Determine key time points for assessing early renal
response in AAV

Complete analysis on different time point assessments of early
renal response associated with long-term renal outcome.

Determine key definitions of outcomes for long-term renal
outcome (ESKD) in AAV

Test traditional renal endpoints (kidney replacement therapy for
at least 90 days, death from kidney failure, kidney transplantation)
to improve kidney clinical trial outcome measurements.

Test eGFR-based renal endpoints (sustained low or percent
decline in GFR) using the Chronic Kidney Disease Epidemiology
Collaboration formula to improve kidney clinical trial outcome
measurements.

relapse portends a risk factor to develop ESKD during follow-up
[80].

Large datasets of trials conducted in AAV have become
available recently, while large real-world data in registries (i.e.
FAIRVASC) have been established and provide a valuable re-
source to establish renal surrogate markers and likewise aim
to investigate optimized and tailored treatment approaches ac-
cording to a renal response score. In addition, using novel ap-
proaches such as machine learning might further improve our
arsenal of clinically relevant surrogate markers. These deter-
minants need to provide useful information for prediction of
good long-term renal outcomes and may help to shape kidney-
related outcomes as relevant endpoints in future clinical trials
of AAV. Therefore, the answer is crystal clear for us: yes, we
need to act, and Box 1 summarizes a research agenda for future
endeavors.
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