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ABSTRACT

Renal involvement is a common and severe feature of ANCA-associated vasculitis, leading to end-stage kidney disease and death in a
considerable number of patients. One of the challenges of ANCA-associated glomerulonephritis is to establish histological features of prognostic
value, in order to identify patients who will benefit of immunosuppression.

Although the prognostic value of the renal biopsy in ANCA-associated glomerulonephritis is widely recognized, there is no consensus
regarding its pathologic classification. In 2010, Berden et al (J Am Soc Nephrol. 2010; 21: 1628-36) proposed a histopathologic classification
based only on glomerular morphology, which is of prognostic value for short-term and long-term renal outcomes. However, over the last years,
the results of several studies using multivariable approaches have suggested that the proposed histopathologic classes alone might not be
sufficient to predict renal outcome. In order to refine the prognosis of patients with ANCA-associated vasculitis, in 2018, Brix et al (Kidney Int.
2018;94:1177-88) proposed the Renal Risk Score, based on clinical and pathological parameters.

In this review, we discuss the prognostic value of the Histopathologic Classification and the Renal Risk Score and their role in routine clinical

practice.
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INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
are systemic autoimmune diseases that affect small-sized blood ves-
sels and are accompanied by the presence of ANCAs in the serum.
This disease entity can be classified either according to ANCA specific-
ity, differentiating between anti-proteinase 3 (PR3-ANCA) and anti-
myeloperoxidase (MPO-ANCA) ANCA-associated vasculitis, or by their
phenotype, distinguishing between granulomatosis with polyangiitis,
microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis
and renal-limited vasculitis.

Renal involvement is a common and severe feature of ANCA-
associated vasculitis, usually characterized by rapidly progressive
glomerulonephritis with kidney failure, hematuria and glomerular
proteinuria, leading to end-stage kidney disease (ESKD) and death in
a considerable number of patients. In untreated patients, there is a
reported mortality of 80%-90%. Following the introduction of immu-
nosuppressant therapies, the 5-year survival has been steadily rising

to around 70%-80% and data also suggest that there are ongoing
improvements in ESKD.2

Treatment for ANCA-associated vasculitis includes potentially toxic
immunosuppressive agents. Although immunosuppressive regimens
have significantly improved mortality, treatment complications remain
a major problem. Treatment related toxicity, such as infection, has
been reported as being responsible for the majority of deaths in the
first year following diagnosis, as well as conferring a long-term risk of
malignancy.3 Immunosuppression is currently not tailored to biopsy
findings, in contrast to lupus nephritis, for which treatment is adjusted
according to histological classification.

One of the challenges of ANCA-associated glomerulonephritis is
to ascertain histological features of prognostic value, including iden-
tification of pathological features in patients who may benefit of
immunosuppression and to identify patients who will progress to ESKD
in whom heavy immunosuppression therapy is likely to do more harm
than good.
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RENAL PATHOLOGY IN ANCA-ASSOCIATED
VASCULITIS

Although rapid progressive glomerulonephritis and a positive ANCA
test are diagnostic of ANCA-associated vasculitis, histologic confirma-
tion from a diagnostic kidney biopsy is still considered the gold standard
to diagnose ANCA-associated vasculitis. Renal involvement of ANCA-
associated vasculitis is characterized by the so called pauci-immune
glomerulonephritis, which often presents as necrotizing or crescentic
glomerulonephritis in the absence or paucity of immune deposits on
immunofluorescence.

On light microscopy, the severity of findings generally parallels the
severity of clinical presentation, ranging from mild focal and segmental
proliferative glomerulonephritis in patients with asymptomatic hema-
turia and normal or near-normal kidney function to a diffuse necrotiz-
ing and crescentic glomerulonephritis in patients with acute kidney
injury. Hence, histologic analysis of biopsy can contribute not only to
the diagnosis but also to predict kidney outcomes.*

Several studies found associations between histopathologic
parameters in diagnostic kidney biopsies and kidney outcomes.
The most consistent findings were associations between a high
percentage of normal glomeruli and a favorable kidney outcome
and the presence of a high percentage of sclerotic glomeruli and
a worse kidney outcome. Furthermore, the presence of active
lesions such as cellular crescents correlates with a higher probability
of kidney function recovery with immunosuppressive therapy.>6
In addition to glomerular changes, tubulointerstitial findings have
also been found to be associated with renal prognosis, and tubular
atrophy is an especially important risk factor for impaired renal
function during follow-up.” The relationship of vascular lesions to
renal outcome has been reported less frequently, although arte-
riosclerosis in the initial biopsy is identified as a risk factor for
long-term dialysis.*

THE HISTOPATHOLOGICAL CLASSIFICATION
OF ANCA-ASSOCIATED VASCULITIS PROPOSED
BY BERDEN ET AL.

Taking into account the results from previous studies and with the
purpose of summarizing the most important data from the renal biopsy,
in order to give an indication about long-term renal outcome, a his-
topathologic classification of glomerulonephritis in ANCA-associated
vasculitis was proposed by Berden et al in 2010.8

This classification is based on glomerular morphology on light
microscopy and consists of four categories: focal, crescentic, mixed
and sclerotic classes. The focal class is defined by the predominance
of normal glomeruli (> 50%), the crescentic class by the predominance
of cellular crescentic glomeruli (> 50%), and the sclerotic class by the
predominance of globally sclerotic glomeruli (> 50%). The mixed class
represents a heterogeneous glomerular phenotype in which no glo-
merular feature predominates (Fig. 1).

For classification purposes, all biopsies must be characterized as
pauci-immune and a minimum of 10 whole glomeruli is considered
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Adapted from: Berden AE, et al. Histopathologic classification of ANCA-associated glomerulonephritis.
J Am Soc Nephrol. 2010;21:1628-36.8

Figure 1

Classification flowchart for the Berden classification.

adequate. Hematoxylin-eosin, methenamine silver, periodic acid-Schiff
and Masson Trichome stainings are required. Furthermore, this clas-
sification does not take into account patients with comorbid diseases
or overlap syndromes, such as ANCA-associated glomerulonephritis
in combination with anti-glomerular basement membrane (GBM)
glomerulonephritis.

This classification was subjected to a first validation study
incorporated in the publication by Berden et a/8 that included 100
biopsies from 32 centers across nine European countries, from
patients who participated in the CYCAZAREM and MEPEX studies
conducted by EUVAS. The authors demonstrated that renal biopsy
categories correlated to the degree of renal function at presenta-
tion and at 1-year and 5-year follow-up. Patients in the focal cat-
egory had the best renal prognosis, followed by the crescentic,
mixed and sclerotic categories in that order. Patients with focal
ANCA-associated glomerulonephritis present with relatively pre-
served renal function and have a relatively favorable renal outcome
(renal survival was 93% at 1-year and 93% at 5-year follow-up).
Patients with crescentic ANCA-associated glomerulonephritis pre-
sent with highly active renal disease and severely reduced renal
function but stand a good chance for renal function recovery (renal
survival was 84% at 1-year and 76% at 5-year follow-up). Patients
with a mixed phenotype have an intermediate outcome profile
(renal survival of 69% at 1-year and 61% at 5-year follow-up).
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Patients with sclerotic ANCA-associated glomerulonephritis at the
time of biopsy run the highest risk for not recovering renal func-
tion (renal survival of 50% at 1-year, 50% at 5-year and only 25%

VALIDATION OF THE HISTOPATHOLOGICAL
CLASSIFICATION OF ANCA-ASSOCIATED
VASCULITIS

at 7-year follow-up) and also have a higher risk for death within
the first year after diagnosis.

The Berden classification in based purely on the presence of
glomerular lesions. Tubulointerstitial lesions such as fibrosis or
tubular atrophy were not included in the classification system
because, although they were associated with long-term renal out-
come, their addition to the classification did not significantly
improve its predictive value and only increased its complexity. In
addition, the histopathological classification and the baseline eGFR
(estimated glomerular filtration rate) were the only independent
predictors for eGFR at both 1 and 5-year follow-up in a multivari-
able analysis that took into account patient age, treatment, baseline
eGFR and the histopathological classification of ANCA-associated

glomerulonephritis.

Table 1

Since 2010, numerous cohorts have validated the Berden clas-
sification system, these studies are summarized in Table 1. All stud-
ies agreed that a favorable renal outcome was associated with the
focal class, whereas a poor outcome was more likely in the sclerotic
class, confirming that the classification system is of predictive value
for renal outcome. Regarding the crescentic and mixed class how-
ever, many discrepancies exist. Several groups confirmed the initial
result of Berden et al and found that patients in the crescentic
category have a better outcome, while others found better renal
survival in the mixed category, without always achieving statistical
significance in either case. Meta-analysis have also found no sig-
nificant prognostic difference between crescentic and mixed class-
es, with some authors merging the two classes (Table 1). While no
study led to definite conclusions, it is clear that the presence of

Studies reporting renal survival according to the histopathologic classification

Validation Studies

Study

Population

Differences in outcome with primary study

Chang et al, 201210
Ellis et al, 20131

Iwakiri et al, 201312
Muso et al, 2013%3

Hilhorst et al., 201314

Unlu et al, 20135
Ford et al, 2014°
Quintana et al, 201416
Tanna et al, 201517

Bjorneklett et al, 20168

Diaz-Crespo et al, 201612
Chen et al, 201720

Salmela et af, 201821
Ge et al, 202122
Lim et al, 202123

China, 121 biopsies, mostly MPO-ANCA
positive
USA, 76 biopsies

Japan, 87 biopsies, mostly MPO-ANCA positive

Japan, 87 biopsies, mostly MPO-ANCA positive
Netherlands, 164 biopsies, only 1 classified as
sclerotic

Turkey, 141 biopsies
Australia, 120 biopsies

UK and Spain, 136 biopsies
UK, 104 biopsies

Norway, 250 biopsies

Spain, 151 biopsies

China, 186 biopsies, mostly MPO-ANCA
positive

Finland, 85 biopsies

China, 112 biopsies, all MPO-ANCA positive
Korea, 92 biopsies, mostly MPO-ANCA positive

Higher probability of progressing to ESRD in crescentic than mixed class

No significant difference in eGFR at 1 year between crescentic and mixed classes. No significant differ-
ence in renal survival at 1 year between classes.

No significant differences in eGFR at 1 year among crescentic, mixed and sclerotic classes. No significant
difference in probability of progressing to ESRD between crescentic and mixed classes.

Slightly better renal survival in mixed than crescentic class.

No difference in eGFR at follow-up and 5-year renal survival between crescentic and mixed classes. Sub-
dividing these classes on the basis of % normal glomeruli showed that patients with >25% normal glom-
eruli had a significantly better renal survival.

Classification predicted dialysis requirement in the log-rank test but not in the Cox regression model.
No significant difference in eGFR at 1 year and probability of progressing to ESRD among classes.

No significant difference in ESRD between crescentic and mixed classes.

No significant difference in outcome between mixed and crescentic classes. No significant differences in
renal function at follow-up among classes in multivariate analysis.

No significant difference in outcome between mixed and crescentic classes or the combined mixed/
crescentic class compared with the focal class.

Better renal survival in mixed than crescentic class.

No significant difference in outcome between mixed and crescentic classes.

Results concordant with Berden study.
No difference in the risk of developing ESRD between the mixed and crescentic classes.

The crescentic class did not differ in renal survival compared to the focal class.

Meta-analysis

Study

Population

Outcome

Chen et al, 201720
Huang et al, 201824

Van Daalen et al, 20208
Ge et al, 20212

262

1481 biopsies

1945 biopsies

1526 biopsies
637 biopsies
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Patients with focal class had the best outcomes, while sclerotic class had the worst. No significant differ-
ence between crescentic and mixed classes in terms of ESRD.

Best renal survival with focal class and worst with sclerotic class. No significant prognostic difference
between crescentic and mixed.

The risk of kidney failure was similar in the crescentic and mixed classes.

Similar renal survival between the crescentic and mixed classes.
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contrasting observations underlines the need to improve the initial
classification.

Possible explanations for the discrepancies in these results are
differences in patient populations, differences in treatment and inter-
observer variability. Two studies tested the inter-observer reliability
of the Berden classification. In a study conducted by Ford et al,® involv-
ing 3 pathologists and 145 biopsies, they found a « statistic of 0.46,
with the worst results in the mixed class (k =0.23). Agreement was
higher for sclerotic (k =0.70), crescentic (k =0.51) and focal classes (k
=0.47). The authors of the original study also conducted their own
reproducibility study, with fair to good agreement (k =0.56).% Conse-
quently, limited reproducibility of some classes should be kept in mind.

The authors of the original study revisited this classification in
20206 and agreed that there was similar prognostic outcomes between
the crescentic and the mixed classes. However, they disagreed with
merging these two classes because an important histopathologic dis-
tinction would be lost. They are currently performing an analysis that
evaluates histopathologic patterns in more detail, with a focus on the
distinction between cellular, fibrocellular, and fibrous crescents and
are evaluating the necessity to add tubulointerstitial parameters to
the histopathologic classification.

THE RENAL RISK SCORE PROPOSED BY BRIX ET AL.

In the meantime, in 2018, Brix et al?® proposed a new predictive
tool in the form of a risk score, based on a cohort of German patients.
Similar to the Berden histopathologic classification, its main goal is
to identify those who would probably not benefit from immunosup-
pressive treatment because of severe renal damage from which they
are not expected to recover.

It incorporates one clinical parameter and two pathologic param-
eters: kidney function at time of diagnosis (G1: eGFR <15 mL/min/1.73
mZ; GO: >15 mL/min/1.73 m2), percentage of normal glomeruli (NO:
>25%; N1 10-25%; N2 <10%) and percentage of interstitial fibrosis
and tubular atrophy (T0: £25%; T1 >25%). These were the variables
that better correlated with renal outcome in multivariate analysis on

Table 2

Studies reporting renal survival according to the Renal Risk Score

a training cohort. Using Cox regression analysis, the points assigned
to each parameter were: N1 =4, N2 =6, T1 =2 and G1 = 3. Based on
these parameters, a Renal Risk Score (RRS) between 0 and 11 points
allows to classify patients in low (0 points), medium (2-7 points) or
high (8-11 points) risk categories with respect to risk of ESKD. Using
the RRS, the risk of ESKD was 0%, 16%, and 68% in low, medium, and
high RRS categories, respectively, in the original cohort.

This risk score has been validated in further cohorts (Table 2). The
good prognosis for patients in the low-risk group is well reproduced
in the validation cohorts and a recent meta-analysis2® confirmed that
the pooled incidence rate of ESRD was 4%, 22% and 58% in the low,
medium and high-risk groups, respectively. There are discrepancies,
however, regarding the prognosis of the high-risk group. A substantial
fraction of patients classified in the worse subgroups of both ESKD
classifications did not evolve towards ESKD, while some patients clas-
sified in the intermediate risk subgroups reached ESKD. Even patients
with a severe disease classified as high-risk have a potential for renal
improvement under treatment, therefore, cautious interpretation of
the RRS in relation to treatment decisions is imperative.

FUTURE PERSPECTIVES

Kidney biopsy is more than just a diagnostic tool for ANCA-asso-
ciated vasculitis, it appears to be an indispensable step in the assess-
ment of prognosis and therapeutic decision making in these patients.

Both the Berden Histopathologic Classification and the Brix Renal
Risk Score have been extensively validated in subsequent cohorts.
However, although they provide valuable information to the clinician,
prognostic scores and classifications do not fully predict renal and
patient outcomes.

To this date, we believe there is no perfect score or tool to accu-
rately predict the risk of ESKD at baseline, as ANCA-associated vasculitis
has a multitude of different clinical scenarios. Risk stratification has
the purpose of helping to manage these patients, most of them with
multiple comorbidities. Personalized medicine is the holy grail. With
further research, large and prospective cohorts, new clinical data (age)

Validation Studies

Study Population

Outcome

Li et al, 20197
Mejia-Vilet et al, 202028
Van Daalen et al, 20206
Villacorta et al, 20212°

England, 105 biopsies

Mexico, 72 biopsies

International, 145 biopsies

Spain, 147 biopsies, MPO-predominant popu-
lation

Boudhabhay et al, 20213 | France, 251 biopsies

Bai et al, 202131 China, 65 biopsies, mostly MPO-ANCA positive

Saito et al, 202232
Brilland et al, 202233

Japan, 86 biopsies, mostly MPO-ANCA positive

France, 123 biopsies

Confirmed prognostic value of RRS at 1-year and 3-year follow-up.
Confirmed prognostic value of RRS at 3-year, 5-year and 7-year follow-up.
Overall higher survival rates in all risk groups.

Confirmed prognostic value of RRS at 2-year, 5-year and 10-year follow-up.

Confirmed prognostic value of RRS at 3-year, 5-year follow-up.

The high-risk group had worse renal outcomes, but the renal outcome did not differ between the low-
risk and medium-risk groups.

Confirmed prognostic value of RRS at 3-year follow-up.

Confirmed prognostic value of RRS at 3-year, 5-year follow-up.
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and serologic parameters (ANCA subtype) we will be closer to indi-
vidualized treatment. Science and medicine will never stop to evolve,
therefore these scores and classifications need to be constantly
adapted and reviewed, as increasingly indispensable tools for treating
patients.
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