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Article

Developments in the Histopathological Classification of
ANCA-Associated Glomerulonephritis
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Background and objectives The histopathologic classification for ANCA-associated GN distinguishes four classes  this article.

on the basis of patterns of injury. In the original validation study, these classes were ordered by severity of kidney

function loss as follows: focal, crescentic, mixed, and sclerotic. Subsequent validation studies disagreed on Correspondence:
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outcomes in the crescentic and mixed classes. This study, driven by the original investigators, provides several
analyses in order to determine the current position of the histopathologic classification of ANCA-associated GN.

Design, setting, participants, & measurements A validation study was performed with newly collected data from
145 patients from ten centers worldwide, including an analysis of interobserver agreement on the histopathologic
evaluation of the kidney biopsies. This study also included a meta-analysis on previous validation studies and a
validation of the recently proposed ANCA kidney risk score.

Results The validation study showed that kidney failure at 10-year follow-up was significantly different between
the histopathologic classes (P<<0.001). Kidney failure at 10-year follow-up was 14% in the crescentic class versus
20% in the mixed class (P=0.98). In the meta-analysis, no significant difference in kidney failure was also observed
when crescentic class was compared with mixed class (relative risk, 1.15; 95% confidence interval, 0.94 to 1.41).
When we applied the ANCA kidney risk score to our cohort, kidney survival at 3 years was 100%, 96%, and 77% in
thelow-, medium-, and high-risk groups, respectively (P<<0.001). These survival percentages are higher compared
with the percentages in the original study.

Conclusions The crescentic and mixed classes seem to have a similar prognosis, also after adjusting for differences
in patient populations, treatment, and interobserver agreement. However, at this stage, we are not inclined to
merge the crescentic and mixed classes because the reported confidence intervals do not exclude important
differences in prognosis and because an important histopathologic distinction would be lost.

CJASN 15: 1103-1111, 2020. doi: https://doi.org/10.2215/CJN.14561119

Introduction

The ANCA-associated vasculitides represent a spec-
trum of diseases characterized by inflammation of
small- to medium-sized blood vessels in the absence

immunosuppressive therapy (2,4). These results were
incorporated into a proposal for a histopathologic
classification of ANCA-associated GN by an interna-
tional working group in 2010 (7). The devised algo-

or paucity of immune deposits (1). The numbers of
acute and chronic lesions in the kidney biopsy may
vary considerably from patient to patient, as well as
the patients’” outcome (2,3). In the past, several studies
found associations between histopathologic parame-
ters in diagnostic kidney biopsies and kidney out-
comes. The most consistent findings were associations
between the percentage of normal glomeruli and a
favorable kidney outcome and between the percent-
age of sclerotic glomeruli and a worse kidney outcome
(2,4-6). Moreover, the presence of active lesions, such
as cellular crescents, seemed to be associated with
higher probability of kidney function recovery with

www.cjasn.org Vol 15 August, 2020

rithm distinguished four classes: sclerotic, focal,
crescentic, and mixed. The original study showed
that this classification predicted kidney outcomes at
1- and 5-year follow-up visits in 100 patients.

Since 2010, 21 studies from Asia (8-15), North
America (16-18), Australia (19), and Europe (14,20-27)
have validated the histopathologic classification in
adults, and four studies validated the classification in
pediatric patients (14,28-30). The results from some of
these studies were recently incorporated into a meta-
analysis showing that all validation studies reported
the best kidney outcomes in the focal class and the
worst in the sclerotic class (13). In some studies, kidney

Copyright © 2020 by the American Society of Nephrology

1103


https://orcid.org/0000-0001-8725-0632
https://orcid.org/0000-0002-9334-3664
https://orcid.org/0000-0002-1625-1993
https://orcid.org/0000-0002-2945-2946
https://orcid.org/0000-0002-1333-7580
https://orcid.org/0000-0001-8894-1742
https://doi.org/10.2215/CJN.14561119
mailto:emmavd@hotmail.com
mailto:emmavd@hotmail.com

1104 CJASN

outcomes were similar in the crescentic and mixed classes,
whereas in others, they were significantly better in the
mixed class than in the crescentic class (13). It has been
suggested that these conflicting results regarding crescentic
and mixed classes could be attributed to differences in
patient populations, differences in treatment, and moderate
interobserver agreement with regard to the kidney biopsy
evaluation (31). It would seem appropriate to adjust the
histopathologic classification for ANCA-associated GN
only after the source of the discrepancies in results from
various studies has been clarified. We therefore undertook
an international validation study in newly collected data
driven by the original investigators. Additionally, we
analyzed the findings from this validation study in a
meta-analysis that included results from previously per-
formed validation studies.

In the meantime, Brix et al. (32) proposed a new pre-
dictive tool in the form of a kidney risk score on the basis of
a cohort of German patients. This score includes kidney
function at baseline, percentage of normal glomeruli, and
percentage of interstitial fibrosis and tubular atrophy
(IFTA). Similar to the histopathologic classification of
ANCA-associated GN, the kidney risk score aims to predict
kidney outcome, in particular to identify those patients
with a high risk to develop kidney failure, but it aims to do
so by also including a clinical parameter. We here present a
validation of the recently proposed ANCA kidney risk
score on the basis of an international cohort.

Materials and Methods
Study Cohort

Patients were enrolled from ten centers worldwide with
histopathologically proven ANCA-associated GN and a
follow-up for at least 3 years (including patients who
developed kidney failure or died within the first 3 years).
The follow-up visits took place at the participating centers
and were not conducted according to any protocol. In 88%
of the patients, follow-up exceeded 3 years. These follow-
up data were also reported on. Exclusion criteria were age
under 18 years, overlap syndrome, and participation in a
previous validation study. This study was conducted in
accordance with the ethical principles stated in the Decla-
ration of Helsinki.

Diagnostic Kidney Biopsies

Biopsy slides were assembled at Leiden University
Medical Center. The original study proposed that a
minimum of ten glomeruli was required to define the class
(7). However, a recent study showed that the prognostic
capability of the classification was also valid for biopsies
that contained three to nine glomeruli (25). This study
included biopsies with a minimum of five glomeruli. The
biopsies were scanned with the Ultra-Fast Scanner at a
magnification of X40. The scanned slides were placed on a
secured website, where the biopsies were scored by a group
of six pathologists (LM.B., F.F., KJ., L-H.N., Y.O., and
S.W.) blinded to clinical data. The scoring form on the
website (Supplemental Material) was a slightly modified
version of the original scoring tool for ANCA-associated
GN (33). One marked level was used by all pathologists
to classify the biopsies. Each case was scored by two

pathologists; when pathologists disagreed on the histo-
pathologic class, a third pathologist (I.M.B. or ]J.A.B.)
made the final decision on the case. For analytic pur-
poses, tubulointerstitial scores from two pathologists
were averaged.

Clinical Data

We retrieved data on patient demographics, type of
diagnosis (granulomatosis with polyangiitis, microscopic
polyangiitis, eosinophilic granulomatosis with polyangii-
tis, or kidney-limited vasculitis), serum and urine labora-
tory values, and details on induction and maintenance
therapy. Kidney function was expressed as eGFR, calcu-
lated with the Chronic Kidney Disease Epidemiology
Collaboration equation, adjusted for race/ethnicity
(34-36). The eGFR was calculated at the time of biopsy
(eGFRy) and at 1- and 5-year follow-up visits (eGFR; and
eGFRs, respectively). In addition, the change (4) in eGFR
over time was calculated, which was defined as the
difference between the eGFR at that time point and
eGFR at baseline. In the case of developing kidney failure,
eGFR was considered zero for analytic purposes. Kidney
failure was defined as a need for KRT (dialysis for at least
3 months or transplantation) or as eGFR below 15 ml/min
per 1.73 m? persisting for at least 3 months (37). Kidney
survival was expressed as the time between diagnosis and
kidney failure. In case of a single missing value in outcome,
the patient remained included in the study but was omitted
from any specific analysis for which this missing value
was required.

Literature Search

The review protocol will be described in this section and
was not published elsewhere. A trained librarian per-
formed a literature search on previously published vali-
dation studies for the meta-analysis, updated until
November 2019. Web of Science and Google Scholar
were searched for articles that referred to the original
study. Additionally, PubMed and Embase were searched
on combinations of the following words: “biopsy,” “his-
topathological,” “classification,” “ANCA,” and “valida-
tion.” The selection of studies and data extraction were
performed by one of the authors. Only studies that
associated histopathologic class with kidney outcome in
patients with ANCA-associated GN were selected
(Supplemental Figure 1). The proportion of adult patients
who had developed kidney failure at the end of follow-up was
extracted from 21 validation studies, including this study and
the original study by Berden et al. (7). Five studies reported
adjusted hazard ratios (HRs), and these were analyzed in a
separate meta-analysis. Four studies investigated the prog-
nostic value of the histopathologic classification in pediatric
patients (aged <18 years). Differences between the crescentic
and mixed classes were analyzed.

ANCA Kidney Risk Score

For each patient, the ANCA kidney risk score was
calculated, which includes eGFR, (>15 or =15 ml/min per
1.73 m?), percentage of normal glomeruli (>25%, 10%-25%,
or <10%), and IFTA (=25% or >25% of cortical area).
Following the risk score, each parameter was assigned points,
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Table 1. Baseline characteristics of the validation cohort according to histopathologic class
Baseline Characteristics Focal, n=52 Crescentic, n=37 Mixed, n=39 Sclerotic, n=17

Age at biopsy, yr, mean * SD 60+13 62+11 61+14 66+12
Men (%) 33 (64) 24 (65) 18 (46) 8 (47)
Diagnosis (%)?

Granulomatosis with polyangiitis 33 (63) 14 (40) 8 (21) 8 (50)

Microscopic polyangiitis 17 (33) 19 (54) 27 (73) 8 (50)

Eosinophilic granulomatosis with polyangiitis 1(2) 0(0.0) 1) 0(0)

Kidney limited vasculitis 1(2) 2 (6) 1) 0(0)
ANCA specificity (%)°

PR3 23 (48) 13 (37) 7 (20) 7 (44)

MPO 19 (40) 21 (60) 25 (69) 8 (50)

Negative 3(6) 0(0) 3(8) 0(0)

Double positive 3(6) 1(3) 1(3) 1(6)
Diagnostic delay, mo, mean * SD 4.7*x129 1.4x27 2.4+32 3.6*x115
eGFRy, ml/min per 1.73 m?, mean *+ SD 50£29 18+16 27*19 19+12
Proteinuria class at biopsy (%)°

Normal 49 1(3) 2(5) 0(0)

Moderately increased 18 (39) 4 (13) 3(8) 3(19)

Severely increased 24 (52) 27 (84) 33 (87) 13 (81)

PR3, proteinase-3; MPO, myeloperoxidase.

*The diagnosis was specified in 140 patients.

PELISA test results were available in 135 patients.

“In accordance with the Kidney Disease Improving Global Outcomes clinical guidelines, normal level of proteinuria was defined as
protein excretion of <0.15 g/d or as anegative protein dipstick test, moderately increased proteinuria was defined as a protein excretion
rate of 0.15-0.50 g /d or as trace on protein dipstick test, and severely increased proteinuria was defined as total protein excretion >0.50 g /d or

as + or more on protein dipstick. The proteinuria class could be determined in 132 patients.

resulting in a low, intermediate, or high risk for kidney failure
(Supplemental Table 1) (32).

Statistical Analyses

Continuous variables are expressed as the mean * SD.
Groups were compared with the ¢ test or one-way ANOVA.
Categorical variables are expressed as numbers (percent-
ages). Differences were assessed with the Fisher exact test
or the chi-squared test. Kidney survival was analyzed with
the Kaplan-Meier method and log-rank test. Cox regres-
sion analysis was used to calculate HRs with 95% confi-
dence intervals (95% ClIs) for outcomes in the crescentic and
mixed classes. Interobserver agreement was investigated
by calculating the « or the intraclass correlation coefficient
(ICC). Values of k or ICC were interpreted as follows:
>0.75, excellent agreement; 0.40-0.75, fair to good agree-
ment; and <0.40, poor agreement (38,39). All analyses in

the validation study were performed with SPSS version 23
(IBM Corp., Armonk, NY). The meta-analysis used random
effects models and was performed in ReviewManager,
version 5.3. The meta-analysis calculated relative risks
(RRs) for the development of kidney failure. The variation
in kidney outcome across studies, due to heterogeneity
beyond chance, was estimated by I?>. Values of I?
were interpreted as follows: 25%, low heterogeneity;
50%, moderate heterogeneity; and 75%, high hetero-
geneity (40). In all analyses, P values <0.05 were
considered significant.

Results
Patient Characteristics

We assembled histopathologic and clinical data for 157
patients. Twelve cases were excluded due to missing
clinical data (n=7) or an insufficient number of glomeruli

Table 2. Kidney outcome of the validation cohort according to histopathologic class

Kidney Outcome Parameters Focal, n=52 Crescentic, n=37 Mixed, n=39 Sclerotic, n=17 P Value
eGFR;, ml/min per 1.73 m?, mean + SD* 6124 37+21 38+21 20+16 <0.001
AeGFR;, ml/min per 1.73 m?, mean *+ SD*” 11+21 21+19 10+15 0+8 0.003
eGFRs5, ml/min per 1.73 m?, mean *+ SD° 60+21 35+20 37+24 19+20 <0.001
AeGFRs5, ml/min per 1.73 m?, mean + SD"¢ 8+24 19+23 10+20 -1*+14 0.04
Kidney relapse (%) 20 (40) 14 (40) 11 (29) 3(19) 0.33
Kidney failure (%) 1) 9 (24) 6 (15) 8 (47) <0.001
Death (%) 15 (29) 15 (41) 9 (23) 6 (35) 0.40

(A)eGFR; was available in 132 patients.

€(A4)eGFRs was available in 113 patients.

PAeGFR at a time point was defined as the difference between the eGFR at that time point and eGFR at baseline.
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Figure 1. | Significantly different kidney survival between the his-
topathological classes in the validation cohort. (A) At 10-year follow-
up, kidney survival was different between the four classes (log rank;
P<0.001) but not between crescentic and mixed class (log rank; P=0.98).
(B) Whenbiopsies with fiveto ten glomeruli were excluded, kidney survival
remained different between the four classes (log rank; P=0.003).

(n=>5). Patients were diagnosed between 1991 and 2011.
The characteristics of the 145 included patients are sum-
marized in Supplemental Table 2.

Histopathologic Classes and Kidney Function
The evaluation indicated that 52 (36%) biopsies were
focal, 37 (25%) were crescentic, 39 (27%) were mixed, and

17 (12%) were sclerotic (Table 1). The mean number of
glomeruli per biopsy was 19 (range, 5-58). eGFRs at
baseline and during follow-up were highest in the focal
class (Tables 1 and 2). The lowest eGFR was observed in the
sclerotic class. AeGFR at 1-year follow-up was highest in
the crescentic class. AeGFR; was significantly higher in the
crescentic class than in the mixed class (2119 versus
1015, respectively; P=0.01), which is driven by the lower
eGFR at baseline in the crescentic class. No difference in
AeGFRs was observed between the crescentic and mixed
classes. During a mean follow-up duration of 8.0+5.4
years, 24 (17%) patients developed kidney failure. Kidney
survival at the 10-year follow-up was significantly different
between the four histopathologic classes but not between
the crescentic and mixed classes (86% in crescentic class
versus 80% in mixed class; P=0.98) (Figure 1A). When
biopsies with five to ten glomeruli were excluded, kidney
survival remained significantly different between the clas-
ses (Figure 1B). Forty-eight (33%) patients experienced at
least one kidney relapse (Table 2). The number of patients
who had a kidney relapse was similar between the
crescentic and mixed classes (HR, 0.9 with crescentic as
reference group; 95% CI, 0.4 to 2.0) (Table 3). In the total
cohort, 45 (31%) patients died. When the combined out-
come of death and/or kidney failure within 10 years was
analyzed, no difference between crescentic and mixed
classes was observed (47% versus 36%, respectively;
P=0.57) (Supplemental Figure 2). Additionally, we per-
formed an analysis comparing patients with proteinase-3
ANCA and patients with myeloperoxidase ANCA,
showing no significant difference in kidney failure during
10-year follow-up (86% in proteinase-3 ANCA versus 84%
in myeloperoxidase ANCA; P=0.61).

Treatment

The majority of patients received corticosteroids and
cyclophosphamide to induce remission (74% of patients)
(Supplemental Table 3). Patients treated with corticoste-
roids and cyclophosphamide had a similar 10-year kidney
survival as patients treated with other regimens (excluding
patients who only received corticosteroids for induction;
89% versus 94%, respectively; P=0.60). Maintenance ther-
apy consisted most frequently of corticosteroids combined
with azathioprine and/or mycophenolate mofetil (62% of

Table 3. Subanalyses for outcomes in the crescentic and mixed classes

Kidney OutcomeParameters N (%) Events  Time to Event, yr, Mean = SD  Unadjusted Hazard Ratio (95% Confidence Interval)
Kidney relapse
Crescentic 14 (40) 3.8+2.0 Reference group
Mixed 11 (29) 3.4%3.0 0.9 (0.4 to 2.0)
Kidney failure
Crescentic 9 (24) 6.3+4.6 Reference group
Mixed 6 (15) 7.9+5.6 0.5(0.2to 1.8)
Kidney failure within 10 yr
Crescentic 5(14) 5.6x3.4 Reference group
Mixed 6 (15) 6.5+3.2 1.0 (0.3 t0 3.2)
Death
Crescentic 15 (41) 6.6+5.5 Reference group
Mixed 9(23) 4.6*4.5 0.6 (0.2 to 1.6)

Calculated by using Cox regression analysis.
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A Crescentic Mixed Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berden 2010 11 55 6 16 4.9% 0.53[0.23, 1.22] B
Bjorneklett 2016 23 71 17 61 9.1% 1.16 [0.69, 1.97] T
Chang 2012 15 53 4 24 3.6% 1.70 [0.63, 4.58] -
Chen 2016 12 36 19 68 7.7% 1.19[0.66, 2.17] T
Chen 2017 13 47 29 82 8.7% 0.78 [0.45, 1.35] I
Cordova-Sanchez 2016 0 1 5 25 0.7% 1.18[0.10, 14.58]
Diaz-Crespo 2016 25 62 9 36 7.1% 1.61[0.85, 3.06] T
Ellis 2013 3 18 5 27 2.3% 0.90 [0.24, 3.31] I E—
Hilhorst 2013 16 43 13 39 7.9% 1.12[0.62, 2.01] T
Iwakiri 2013 9 32 8 18 5.6% 0.63[0.30,1.35] I
Kristensen 2016 8 24 4 30 3.2% 2.50[0.85, 7.31] T
Li 2014 20 68 17 89 8.3% 1.54[0.88, 2.71] T
Moroni 2015 15 28 9 36 6.7% 2.14[1.10, 4.16] .
Muso 2013 1 7 1 26 0.6% 3.71[0.26, 52.21]
Naidu 2014 10 43 3 16 2.8% 1.24[0.39, 3.94] I
Nohr 2014 2 25 6 20 1.8% 0.27[0.06,1.18] —
Quintana 2014 9 31 11 53 5.5% 1.40 [0.65, 3.00] T
Salmela 2018 6 22 8 17 4.7% 0.58 [0.25, 1.35] -1
Tanna 2014 6 26 11 48 4.5% 1.01 (0.42, 2.41] -1
Togashi 2014 2 8 0 19 0.5% 11.11 [0.59, 208.64] >
Van Daalen 2019 9 37 6 39 4.0% 1.58[0.62, 4.01] B
Total (95% Cl) 737 789 1000% 1.15[0.94, 1.41] ! 4
Total events 215 191
Heterogeneity: Tau2 = 0.05; Chi2 = 26.00, df = 20 (P = 0.17); 12 = 23% f f f 1
Test for overall effect: Z = 1.33 (P = 0.18) 0.01 0.1 1 10 100
Favours crescentic Favours mixed
B Mixed Crescentic Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bjorneklett 2016 0.12 0.48 61 71 58.3% 1.13[0.44,2.89] — |
Chang et al. 2012 0.38 1.13 24 53 10.5% 1.46[0.16, 13.39]
Ford et al. 2013 0.06 0.9 33 33 16.6% 1.06 [0.18, 6.20]
Iwakiri et al. 2013 -0.52 1.63 18 32 5.1%  0.59[0.02, 14.51]
Tanna et al. 2014 -0.17 1.19 48 26 9.5% 0.84 [0.08, 8.69]
Total (95% Cl) 184 215 100.0% 1.08 [0.53, 2.22] ?
Heterogeneity: Tau? = 0.00; Chi2 = 0.26, df = 4 (P = 0.99); 2= 0% I t T t {
Test for overall effect: Z =0.21 (P = 0.83) 0.01 0.1 1 10 100
Favours crescentic Favours mixed
c Crescentic Mixed Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Khalighi 2015 3 9 2 3 65.6% 0.50[0.15, 1.70] —l—
Li 2014 1 9 2 11 19.6% 0.61[0.07, 5.70]
Noone 2014 9 20 0 2 148% 2.71[0.21, 35.60]
Total (95% Cl) 38 16 100.0% 0.67 [0.25, 1.80] -
Total events 13 4
Heterogeneity: Tau? = 0.00; Chi2 = 1.65, df =2 (P = 0.44); 2= 0% I t t i
Test for overall effect: Z = 0.80 (P = 0.42) 0.01 0.1 1 10 100

Favours crescentic Favours mixed

Figure 2. | Forest plots of risk ratios showing no significantly differences between crescentic and mixed classes in the meta-analyses. (A) Using
kidney failure-event rates in adult patients. (B) Using adjusted hazard ratios in adult patients. (C) Using kidney failure-event rates in pediatric
patients. 95% Cl, 95% confidence interval; IV, inverse variance; M-H, Mantel-Haenszel; SE, SEM.

patients). The 10-year kidney survival rates were similar
between patients who received no or minimal maintenance
therapy (only corticosteroids) and those who received
corticosteroids combined with another immunosuppressive
drug (81% versus 89%, respectively; P=0.37). Patients in the
crescentic class received plasma exchange more frequently
than patients in the other classes (24% versus 10%, respec-
tively; P=0.04) (Supplemental Table 3). Within the crescentic

class, kidney survival at 10 years was similar between patients
who received and patients who did not receive plasma
exchange (78% versus 89%, respectively; P=0.34).

Interobserver Agreement

Agreement on the histopathologic class among the two
pathologists was observed in 99 (68%) cases (Supplemental
Figure 3), corresponding to a k of 0.56, which indicated fair
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Figure 3. | Significantly different kidney survival in the validation
cohort according to kidney risk score. Kidney survival was signifi-
cantly different between the kidney risk groups (log rank; P<0.001).

to good agreement. During the re-evaluations of the cases
that lacked agreement, we distinguished three possible
causes of disagreement: technical (e.g., differences between
histologic stains), interpretative (e.g., different interpreta-
tions of the definitions), and errors (e.g., miscalculations
and incomplete scorings). The ICC between two patholo-
gists was 0.57 for interstitial infiltrate, 0.46 for IFTA, and
0.36 for tubulitis, demonstrating poor to fair agreement.

Meta-Analyses

In the meta-analyses, the risk of kidney failure was
similar in the crescentic and mixed classes (RR, 1.15 with
mixed as reference group; 95% CI, 0.94 to 1.41) (Figure 2A),
and also when adjusted HRs were pooled (RR, 1.08; 95% CI,
0.53 to 2.22) (Figure 2B). Pediatric patients in crescentic
and mixed classes had similar risks of kidney failure
(RR, 0.67 with mixed as reference group; 95% CI, 0.25 to
1.80) (Figure 2C). Heterogeneity was low in all three
meta-analyses.

ANCA Kidney Risk Score

Patients in the low-risk group did not develop kidney
failure during follow-up (mean duration in this group was
10.6%5.8 years). Nine patients (10%) in the medium-risk
group and 15 patients (31%) in the high-risk group de-
veloped kidney failure (mean durations of follow-up were
8.8£5.9 and 6.3%+3.5 years, respectively). Kidney survival
was significantly different between the three risk groups
(Figure 3) (P<0.001). One of the five patients with the
maximum risk score of 11 developed kidney failure. In the
study by Brix et al. (32), kidney survival was calculated at

3 years of follow-up. The comparison between our cohort
and the cohort by Brix et al. (32) at 3 years of follow-up is
depicted in Table 4.

Discussion

In this multicenter, international validation study on
ANCA-associated GN, a favorable outcome in the focal
class and a poor outcome in the sclerotic class were shown,
consistent with our own original study (7) and previous
validation studies (13). We found no significant difference
in kidney survival between the crescentic and mixed classes
(HR, 1.0 with crescentic as reference group; 95% CI, 0.3 to
3.2), which might be attributed to the relatively small
number of patients in these subanalyses. The change in
eGFR over time was significantly different between the
crescentic and mixed classes, which is attributed to the
lower eGFR at baseline in the crescentic class. We then
performed a meta-analysis including 25 studies, which also
showed no significant difference in the occurrence of
kidney failure between the crescentic and mixed classes.
These results are in line with the results of a slightly smaller
meta-analysis by Chen et al. (13).

In order to clarify sources of the discrepant results in
previous validation studies on the histopathologic classi-
fication of ANCA-associated GN, we evaluated differ-
ences in patient populations, differences in treatment, and
interobserver agreement (31). Differences in patient populations
do not seem to be an important factor on the basis of the
results of our meta-analysis because we found no trends
that suggested differences in outcomes between countries
or continents, and moreover, similar results were obtained
when only white patients were included (data not shown).
As for differences in treatment, a subanalysis revealed that
kidney survival was not affected by whether patients
received plasma exchange, a finding that is in line with the
outcomes of the the trial on plasma exchange and gluco-
corticoid dosing in the treatment of ANCA-associated
vasculitis (PEXIVAS) (41). Firm conclusions on whether
the effect of therapy on outcomes should be considered in
addition to the histopathologic classification cannot, there-
fore, be drawn at the moment, but this should be subject to
investigation in the near future. We carefully investigated
whether interobserver variation could have influenced the
results, but this seems unlikely given that the « in our
study was higher than in previous studies on interob-
server variation between nephropathologists (19,33).
Therefore, we conclude that discrepant results between
validation studies have not been caused by differences in
patient populations, differences in treatment, and in-
terobserver agreement.

This Cohort

Table 4. Kidney survival at 3 years in our cohort and the cohort of Brix et al. (32)

The Training Cohort by Brix et al. (32)

Risk Group (Points)

N of Patients Kidney Survival at 3 yr, % N of Patients Kidney Survival at 3 yr, %
Low (0) 6 100 30 100
Medium (2-7) 91 96 64 84
High (8-11) 48 77 21 32
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Because prognostic differences between crescentic and
mixed classes have not been statistically significant in
multiple studies, including our own international valida-
tion study, the questions arise of whether and how the
classification should be adjusted. What needs to be ad-
dressed is whether prognostic value is the sole discrimi-
nator on which a classification scheme should be based. For
ANCA-associated GN, this was the initial criterion on
which the classification was based by us in 2010. Because it
has been demonstrated sufficiently that crescentic and
mixed classes have similar prognostic outcomes, we would
be inclined to change the classification scheme into only
three classes: focal, sclerotic, and crescentic/mixed. How-
ever, by doing so, the important histopathologic distinction
between crescentic and mixed class would be lost. The
crescentic class is characterized by a majority of glomeruli
with cellular crescents. The mixed class is a more heterog-
enous class lacking a dominant histopathologic pattern. A
clinical difference is that the crescentic class usually
presents with lower eGFR values, which improve over
time toward eGFR levels similar to those in the mixed class.
Therefore, before merging the crescentic and mixed classes
in a definitive new classification scheme, we are currently
performing an analysis that evaluates histopathologic
patterns of kidney biopsies with ANCA-associated GN
in more detail, with a focus on the distinction between
cellular, fibrocellular, and fibrous crescents. Moreover, this
analysis will evaluate the necessity to add tubulointerstitial
parameters to the histopathologic classification.

In the meantime, an ANCA kidney risk score was
proposed in order to predict kidney survival (32). In our
cohort, kidney survival rates at 3 years were 100%, 96%,
and 77% in the low-, medium-, and high-risk groups,
respectively. These percentages are much higher compared
with the kidney survival in the study by Brix et al. (32).
Moreover, only one patient from five with the maximum
risk score of 11 developed kidney failure in our cohort
versus all patients with a maximum score in the German
cohort. It is possible that the relatively poor kidney
survival in the study by Brix et al. (32) might result from
the German practice of early dialysis initiation, which
questions the applicability of the kidney risk score to other
populations (42).

The strength of our study is its international patient
cohort; only one previous validation study included pa-
tients from more than two countries (21). Moreover, this
validation study was the first to include a large group of
pathologists for scoring kidney biopsies. The international
character of the study also led to some limitations. For
instance, the variety of therapeutic regimens hindered, to
some extent, the performance of statistical analyses on the
effects of therapy. Another limitation of the study was
its retrospective design; this design precluded the collec-
tion of complete clinical data. However, only <7% of data
were missing on kidney function, diagnosis, serology,
and therapy.

In conclusion, we here present results of an interna-
tional validation study and meta-analyses of the histo-
pathologic classification for ANCA-associated GN,
showing no significant differences in kidney outcome
between crescentic and mixed classes. We have ruled
out differences in patient populations, differences in
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treatment, and interobserver agreement as sources for
this finding. Before definitively merging the crescentic
and mixed classes into a new classification scheme for
ANCA-associated GN, we await results from a study
taking into account histopathology in more detail. In
addition, we here present results from a validation
study for the recently proposed ANCA kidney risk
score, showing major differences with the original study
by Brix et al. (32). Future research will determine how
the histopathologic classification for ANCA-associated
GN and the kidney risk score will be of merit in the
daily clinical practice of patients with ANCA-
associated vasculitis.
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