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ORIGINAL RESEARCH

Serum calprotectin and renal function
decline in ANCA-associated
vasculitides: a post hoc analysis of

MAINRITSAN trial

Xavier Romand

Christian Pagnoux,? Loic Guillevin,>* Benjamin Terrier

ABSTRACT

Objective Serum calprotectin appears to be an interesting
biomarker associated with renal vascular disease activity
in antineutrophil cytoplasm antibody (ANCA)-associated
vasculitis (AAV). The aim of this study was to assess
whether serum calprotectin levels can predict decline

in renal function in AAV patients receiving maintenance
therapy.

Methods Serum calprotectin levels were assessed

at inclusion and month 6 in AAV patients, in complete
remission after induction therapy, randomly assigned to
rituximab or azathioprine. Renal function decline was
defined as a 25% decrease in estimated glomerular
filtration rate (eGFR) and a change in the eGFR category, or
a decrease of 15mL/min/1.73 m?. Relapse was defined as
a Birmingham Vasculitis Activity Score >0 attributable to
active vasculitis.

Results Seventy-six AAV were included. Serum
calprotectin increased from baseline to month 6 in patients
with renal function decline (7940 (-226.0, 28 691) ng/ml
vs —4800 (—18 777, 3708) ng/ml; p<0.001). An increase
of calprotectin level was associated with a higher risk of
subsequent renal function decline even after adjustment
(OR 6.50 (95% Cl 1.7 to 24.9) p=0.006). A significantly
higher risk of relapse was observed in proteinase 3- AAV
patients with an increase of serum calprotectin levels (OR
5.6 (95% Cl 1.0 to 31.2), p=0.03).

Conclusion An increase in serum calprotectin by month
6 compared with inclusion during remission-maintenance
therapy in AAV was associated with a higher risk of renal
function decline in the following 12 months.

Trial registration number NCT00748644.

INTRODUCTION

Antineutrophil cytoplasm antibody (ANCA)-
associated vasculitides (AAV) are severe
diseases with life-threatening complications,
including renal function impairment leading
to end-stage renal disease (ESRD). Predicting
relapses and complications in patients with
AAV remains a challenge. Proteinase 3 (PR3)-
ANCA at diagnosis and persistent positive

,! Marie Héléne Paclet,’ Minh Vu Chuong,’ Philippe Gaudin,’

34 Athan Baillet @'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Antineutrophil cytoplasm antibody (ANCA) monitor-
ing is widely used as an indicator of disease activity
and to predict ANCA-associated vasculitides (AAV)
relapse, but the ability of this biomarker to predict
relapse remains limited.

= Renal relapse remains difficult to predict in AAV pa-
tients, leading to the need of a tight monitoring of
the renal function.

= Serum calprotectin levels monitoring during induc-
tion therapy of AAV predicts the risk of relapse in
patients with AAV.

WHAT THIS STUDY ADDS

= An increase in serum calprotectin during the first 6
months following the initiation of maintenance ther-
apy in AAV patients was associated with a higher
risk of subsequent renal function deterioration.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These results suggest that serum calprotectin is a
biomarker of interest to monitor AAV activity and
identify patients at risk of relapse during mainte-
nance treatment.

= These findings reinforce the contribution of calpro-
tectin in the pathophysiology of AAV-associated or-
gan damage.

ANCA at the time of switching from induction
to maintenance therapy are associated with a
higher risk of relapse.1 2 However, the useful-
ness of monitoring ANCA titres as a marker
of relapse in clinical practice remains contro-
versial.> * Renal relapse, creatine clearance at
baseline and proportion of normal glomeruli
on kidney biopsy are associated with a higher
risk of ESRD in AAV.>” However, renal relapse
remains difficult to predict in AAV patients,
leading to the need of a tight monitoring
of the renal function.” The discovery of new
biomarkers predictive of relapse could help
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physicians optimise maintenance therapy, especially its
duration, thereby avoiding unnecessary treatment and
side effects and life-threatening complications through
an adapted and personalised therapeutic strategy.

Calprotectin  (protein S100A8/A9) is an alarmin
released by neutrophils and monocytes during inflamma-
tion. Calprotectin amplifies inflammation by activating
the Toll-like receptor 4 (TLR4)® and advanced glycation
end-products receptor (RAGE), leading to endothelial
and mesangial cell damage in the kidney.” ' Calprotectin
correlates with disease activity and severe outcomes in
multiple inflammatory disorders, such as chronic inflam-
matory rheumatic diseases'' '* and more recently SARS-
CoV=2 infection."” '

In active AAV patients, calprotectin is elevated in the
serum and highly expressed on neutrophils and mono-
cytes cell surface, and in active glomerular lesion."”™*
TLR4 and RAGE are also upregulated in glomeruli, tubu-
lointerstitial tissues and infiltrating cells in the kidney of
AAV patients.'® ' Page et al published data suggesting
that the calprotectin-activated TLR4/RAGE axis is an
important pathway in AAV as it leads to the release of
proinflammatory cytokines from peripheral blood mono-
nuclear cells into the kidney, causing kidney damage.'®

An increased level of serum calprotectin in patients
with active AAV receiving induction of remission therapy
by cyclophosphamide or rituximab was observed in
patients with a higher risk of relapse.”’ There is currently
scarce knowledge about the usefulness of the monitoring
of serum calprotectin during remission maintenance
therapy.'®*' Patients in remission have lower circulating
calprotectin levels than active patients.'®*' It appears that
patients in remission who relapsed within a short period
of time after calprotectin measurement tended to have a
higher level of calprotectin than patients who remained
in remission.'® The limited number of patients included
in these studies has not allowed to draw conclusions on
the relevance of calprotectin monitoring during remis-
sion in patients with AAV.'®?!

We propose in this study to assess the predictive value
of serum calprotectin in a large cohort of AAV patients
in remission. Since calprotectin plays a role in the devel-
opment of glomerulonephritis and reflects the severity
of the inflammatory process, we hypothesised that serum
calprotectin changes in AAV patients in remission could
be associated with renal function decline and disease
relapse in the following 12 months.

METHODS

Study design and patients

Selected stored serum samples from patients enrolled
in the Maintenance of Remission using Rituximab in
Systemic ANCA-associated Vasculitis (MAINRITSAN)
trial, whose design details have been reported previously,
were retrieved and analysed.** Briefly, calprotectin assays
were performed in sera of patients with granulomatosis
with polyangiitis (GPA), microscopic polyangiitis (MPA)

or renallimited ANCA-AAV, in complete remission
(Birmingham Vasculitis Activity Score (BVAS) of 0) after
induction therapy with cyclophosphamide and included
in the MAINRITSAN trial. After inclusion, patients were
randomised to either receive rituximab (RTX) or azathi-
oprine (AZA) to maintain remission, during 18 and 22
months, respectively.

Serum calprotectin assessment

Sera from AAV patients were prospectively collected at
inclusion (month 0, ie, on achievement of remission)
and month 6 after initiation of maintenance therapy
and stored in aliquots at -80°C at the Cochin Hospital
(Paris, France). Calprotectin serum concentrations were
assessed with an in vitro diagnostic (IVD) ELISA assay kit
according to the manufacturer’s method (IDK Calpro-
tectin ELISA kit K6935, Immunodiagnostik). Serum
samples were diluted 1:100 with dilution buffer samples.
If the concentration of calprotectin was above the meas-
urement range (3.9-250ng/mL), the serum was further
diluted and assayed again. The serum calprotectin assay
was centralised and performed by the same technician.

Study parameters

Significant renal function decline was based on the
National Institute for Health and Care Excellence (NICE)
2015 guideline definition as (1) a decrease in estimated
glomerular filtration rate (eGFR) >25%and a change
in eGFR category or (2) a decrease in eGFR=15mL/
min/1.78m” occurring during the follow-up.” Serum
creatinine levels were assessed every 3 months and eGFR
was calculated using the modification of diet in renal
disease equation. Disease relapse was defined as the
reappearance or worsening of manifestations attribut-
able to active vasculitis (BVAS>0) and (1) involvement
of at least one major organ, a life-threatening manifes-
tation or both (major relapse) or (2) reappearance or
worsening of manifestations attributable to active vascu-
litis, not corresponding to a major relapse but requiring
mild treatment intensification (minor relapse). A calpro-
tectin ratio (calprotectin M6/MO ratio) was calculated by
dividing the calprotectin level at month 6 (M6) by the
calprotectin level at inclusion (MO). The calprotectin
difference was calculated by subtracting the calprotectin
level at month 6 (M6) by the calprotectin level at inclu-
sion (MO0). An increase in calprotectin level was defined
as a calprotectin M6/MO ratio>1. Disease relapse and
significant renal function decline were retained if occur-
ring between M6 and M18 of follow-up. The following
data were collected at inclusion and used in this study:
age, gender, disease status (newly diagnosed vs relapse),
AAV clinical phenotype (GPA vs MPA), ANCA subtype
at diagnosis (PR3-ANCA vs myeloperoxidase (MPO)-
ANCA), ANCA evolution after induction of remission,
maintenance treatment (RTX vs AZA), neutrophil count,
C reactive protein (CRP) level, dose of prednisone, eGFR
and Vasculitis Damage Index (VDI).
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Objectives

The primary objective was to evaluate if serum calpro-
tectin level variation by month 6 during maintenance
therapy was associated with renal function decline within
the following 12 months.

Secondary objectives were (1) to determine if calpro-
tectin level could predict relapse within the 12 months
follow-up and (2) to assess whether calprotectin levels
correlated with inflammatory parameters.

Statistical analysis

Statistical analysis was performed using R software V.3.5.1
and GraphPad Prism V.9.0.0 (GraphPad Software, San
Diego, USA). Mann-Whitney tests and t-tests were used,
respectively, to compare two groups with non-normally
or normally distributed data. The D’Agostino-Pearson
test was used to determine the normal distribution of
data. Continuous variables were expressed as mean=SD
for normally distributed or median and IQR for non-
normally distributed variables. Correlations between
calprotectin level and neutrophil count, CRP level, VDI,
eGFR and age were assessed with non-parametric Spear-
man’s correlation tests (rs). Calprotectin variation and
risk of renal function decline and relapse were investi-
gated using (1) Kaplan-Meier survival analysis and the
Gehan-Beslow-Wilcoxon test, (2) OR calculation and X2
test. The last observation carried forward technique was
applied to impute missing data for eGFR occurring during
the follow-up. Age, sex, disease status (relapser), mainte-
nance treatment (rituximab), ANCA status at diagnosis,
VDI at inclusion, neutrophil count at inclusion, eGFR at
inclusion, CRP at inclusion, ANCA status at diagnosis,
ANCA evolution after induction of remission, prednisone
dose at inclusion, and an increase of calprotectin were
evaluated as potential factors predictive of renal function
deterioration and relapse using univariate logistic regres-
sion analysis. Variables with p<0.2 in univariate analysis
were selected for multivariate analysis. Moreover, ANCA
status and maintenance treatment (rituximab), factors
known as relevant in the literature,1 225 were also added
in the multivariate model. Multivariate logistic regression
was performed to build the final combined model. A
p<0.05 was considered significant.

RESULTS

Baseline characteristics

Out of the 115 patients included between October 2008
and June 2010 in the MAINRITSAN trial, 76 patients
included had serum samples available for calpro-
tectin determination at both inclusion and month 6
and were included in this study (online supplemental
figure S1). Mean age of patients was 55.7+13.1 years,
50% were female and 69.8% had GPA. Mean eGFR was
64.5+31.8 mL/min/1.73 m? and 22 patients (28.9%) had
moderately to severely decrease of eGFR (eGFR<45 mL/
min/1.7% m?) at month 0. Other baseline characteristics
of these 76 AAV patients are described in table 1. There

was no statistically significant difference in baseline char-
acteristics between included and non-included patients
(data not shown).

Serum calprotectin level in AAV patients in remission

Median serum calprotectin level was similar at month
0 and month 6 (median (IQR), 11 250 (5498-26 475)
vs 10 450 (3700-31 525) ng/mL; p=0.53). Patients with
positive ANCA at inclusion had similar levels of calpro-
tectin compared with ANCA-negative patients (9411
(4285-24 725) vs 13 000 (5928-28 250) ng/mL; p=0.49).
Serum calprotectin at month 0 was associated with higher
neutrophil counts (r=0.25, p=0.03), higher CRP level
(r=0.27, p=0.03) but not with gender, age, disease status
(newly diagnosed vs relapse), AAV clinical phenotype
(GPA vs MPA), ANCA serotype (PR3 vs MPO), mainte-
nance treatment (RTX vs AZA) and VDI.

Serum calprotectin variation at month 6 and renal function
decline

Nineteen of the 76 studied patients (25.0%) (12 in the
AZA group and seven in the RTX arm, including 15 PR3-
ANCA patients) developed significant renal function
decline between month 6 and month 18. Of these, five
patients (26.3%) also had a relapse during this period.
The calprotectin level at month 0 was significantly lower
in patients developing significant renal function decline
(5283 (3406, 12 100) vs 14 500 (7067, 33 300) ng/ml,
p=0.002). In contrast, the serum calprotectin level at
month 6 was not different. Calprotectin increased from
month 0 to 6 in patients with renal function decline
(7940 (-226.0, 28 691) ng/mlL, calprotectin ratio M6/
MO: 2.86 (0.94, 4.27)) and decreased in those without
deterioration of renal function between month 6 and
month 18 (4800 (-18 777, 3708) ng/mL, calprotectin
ratio M6,/MO0: 0.57 (0.22, 1.78); p<0.001) (figure 1A). An
increase in serum calprotectin during the first 6 months
of maintenance therapy, observed in 33 patients (43.4%),
predicted a significant deterioration of renal function
within the following 12 months in univariate analysis (OR
5.60 (95% CI 1.8 to 17.9; p=0.002) (figure 1B, table 2).
eGFR at inclusion, gender, ANCA serotype, rituximab
and calprotectin level increase were included in the
multiple logistic regression analysis. Multivariate logistic
regression showed that male (OR 0.14 (95% CI 0.03 to
0.68); p=0.01) and serum calprotectin level (OR 6.50
(95% CI 1.69, 24.9) p=0.006) were independently asso-
ciated with subsequent renal function decline (table 2).
The area under the receiver operating characteristic
(ROC) curve for predicting renal function worsening
using the ratio calprotectin M6,/MO0 was 0.77 (95% CI 0.66
to 0.88, p<0.001). After determining the optimal cut-off
for calprotectin ratio M6,/M0 at 2.07 using the Younden
index, sensitivity was 68.4% (95% CI 46.0% to 84.6%),
specificity 79.0% (95% CI 66.7% to 87.5%), positive
predictive value 52.0% (95% CI 31.8% to 71.7%), nega-
tive predictive value 88.2% (95% CI 75.4% to 95.1%),
positive likelihood ratio of 3.3 (95% CI 1.8 to 5.9) and
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Table 1 Baseline characteristics of ANCA-associated vasculitis patients from the MAINRITSAN trial eligible for this study
All patients eGFR decline* No eGFR decline*

Patient characteristics n=76 n=19 n=57 P value

Age (years) 55.7 (13.1) 55.0 (11.0) 56.0 (13.8) 0.8

Female (n (%)) 38 (50.0) 14 (73.7) 24 (42.1) 0.02

Granulomatosis with polyangiitis (n (%)) 53 (69.8) 15 (78.9) 38 (66.7) 0.3

Microscopic polyangiitis (n (%)) 19 (25.0) 3(15.8) 16 (28.1) 0.3

Renal-limited ANCA-associated vasculitis (n (%)) 4 (5.2) 1(5.3) 3(5.3) 1.0

Disease status: newly diagnosed (n (%)) 57 (75.0) 15 (78.9) 42 (73.7) 0.6

ANCA-positivity at inclusion (n (%)) 50 (65.8) 12 (63.2) 32 (56.1) 0.6

C reactive protein (mg/L)T 2.5[1.0;5.0] 2.7[1.0;5.2] 2.3[1.0;5.0] 0.7

C reactive protein elevated (n (%))t 16 (21.1) 5(27.8) 11 (19.7) 0.5

Serum calprotectin at inclusion (ng/mL) 11250 [5498; 26475] 5283 [3406; 12100] 14500 [7067; 33300] 0.002

Serum calprotectin at month 6 (ng/mL)
eGFR (mL/min/1.73m?
Prednisone (mg/day)

64.5 (31.8)

Rituximab remission treatment (n (%)) 37 (48.7)
Neutrophil count (10%/L) 5.3[3.7; 7.9]
Vascular Disease Index 2[1; 3]

1C reactive protein was missing for two patients.

10450 [3700; 31525]

17.0 [12.5; 20.0]

18000 [4574; 39600] 7148 [3058; 27500] 0.2

75.9 (40.3) 60.7 (27.7) 0.07
15.0 [13.0; 17.5] 20.0 [12.5; 20.0] 0.5
7 (36.9) 30 (52.6) 0.2
5.5[2.8; 9.3] 5.3 [4.0; 7.4] 0.8
2.0[1; 3] 2.0[1; 3] 1.0

*estimated Glomerular Filtration Rate (eGFR) decline was definied as a decrease in eGFR>25% and a change in eGFR category or

a decrease in eGFR =15 ml/min/1.73m? occurring during the follow-up £Neutrophil count was missing for three patients. Normally
distributed continuous data were described as mean (SD) and non-normally distributed variables as median (Q1; Q3). t-test and Mann-
Whitney U test for continuous data and y2 test for dichotomous data were used.

ANCA, antineutrophil cytoplasm antibody; eGFR, estimated glomerular filtration rate; MAINRITSAN, Maintenance of Remission using

Rituximab in Systemic ANCA-associated Vasculitis.

negative likelihood ratio of 0.4 (95% CI 0.2 to 0.8) to
predict subsequent renal function decline (figure 1C).
Similar results were observed in PR3-ANCA patients

>
@
(g}

Calprotectin ratio M6/M0
Sensitivity (%)

= Calprotectin increase 20

~_ Calproteciin ratio M6/MO
-6- Calprotectin decrease g (AUC=0.77, p<0.001)

GFR decline-free survival (%)

o 6 9 12 15 18 0 20 40 60 80 100
Months. 100% - Specificity (%)

No.atrisk
Calprotectinincrease 33 3 28 27 2% 19
Calprotectin decrease 43 2 4 4 38 38

Figure 1 Serum calprotectin change predicting renal
function decline in ANCA-associated vasculitides patients.
(A) Calprotectin ratio M6/MO in AAV patients with renal
function decline (decline estimated glomerular filtration rate
(eGFR)) or not (stable)) between month 6 and month 18.
Data are shown as median with IQR. Mann-Whitney U test,
***p<0.001. (B) Kaplan-Meier survival curves patients with
an increase in serum calprotectin at month 6 (solid line) or
not (dotted line) remaining without eGFR decline between
month 6 and month 18. The time is the number of months
without the occurrence of renal function decline. Renal
function decline was retained if it occurred between month
6 and month 18 of follow-up. Gehan-Beslow-Wilcoxon test.
(C) Receiver operating characteristic curves of the predictive
value of eGFR decline of calprotectin ratio M6/M0. ANCA,
antineutrophil cytoplasm antibody; AUC, area under the
curve.

(online supplemental figure S2 and online supplemental
table 1).

Serum calprotectin variation at month 6 was indepen-
dent of age, gender, disease status (newly diagnosed vs
relapse), AAV clinical phenotype (GPA vs MPA), ANCA
serotype (PR3 vs MPO), increased CRP, and maintenance
treatment used (RTX vs AZA). Calprotectin level was not
correlated with eGFR and was not significantly different
in patients with or without haematuria. We observed no
difference in patient’s characteristics in patients with
calprotectin increase without renal function decline
(online supplemental table S2 and S3).

Serum calprotectin variation by month 6 and risk of disease
relapse

Ten patients (13.1%) (seven in the AZA group and three
in the RTX arm, including eight PR3-ANCA patients)
experienced a relapse between month 6 and month 18.
The serum calprotectin levels at month 0 and 6 were not
significantly different between relapsing patients and
those without relapse.

Serum calprotectin level increased from month 0 to
6 in relapsing patients (5578 (-3402, 46 338) ng/mL),
whereas a decline was observed in patients without subse-
quent disease relapse (-3100 (-14 975, 7594) ng/mL,
p=0.04). Calprotectin ratio M6/MO was not increased
in relapsing patients (2.2 (0.45, 6.3) vs 0.71 (0.23, 2.6),
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Table 2 Univariate and multivariate logistic regression analysis of renal function decline in AAV patient

Univariable Multivariable Multivariable
analysis models* modelst
Factors OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
Male 0.26 (0.08 to 0.82) 0.02 0.14 (0.02 to 0.56) 0.007 0.14 (0.03 to 0.68) 0.01
Age 0.99 (0.96t0 1.03) 0.78
Rituximab 0.53 (0.18t0 1.53) 0.24 0.40 (0.10t0 1.59)  0.19
Relapser 0.75(0.21t0 2.61) 0.64
MPO positivity at 0.35(0.09t0 1.34) 0.12 0.38 (0.76 to 1.94) 0.25 0.31 (0.06 to 1.67) 0.17
diagnostic
VDI at inclusion 1.03 (0.76 to 1.40) 0.84
Neutrophil count at  1.00 (0.99 to 1.00) 0.64
inclusion
CRP at inclusion 1.00 (0.89t0 1.13) 0.96
eGFR at inclusion 1.02 (0.99t0 1.04) 0.08 1.02 (1.00 to 1.05) 0.07 1.02 (1.00to 1.05) 0.07
ANCA positivity at ~ 0.85 (0.28 t0 2.53)  0.77
inclusion
Negativation ANCA 0 to64 (0 to21 to 0.43
at remission 1.94)
Prednisone at 0.98 (0.90to 1.05) 0.53
inclusion
Calprotectin increase 5.6 (1.76 to 17.87) 0.004 6.16 (1.64 to 23.06) 0.007 6.50 (1.69 to 24.9) 0.006

Logistic regression models were applied for univariate and multivariate analysis.

Bold values indicate statistical significance

*P values are from a multivariate logistic regression model with factors including sex, eGFR at inclusion, MPO positivity at diagnostic and

calprotectin increase.

TP values are from a multivariate logistic regression model with factors including sex, eGFR at inclusion, calprotectin increase, MPO

positivity at diagnostic, rituximab.

AAYV, associated renal vasculitis; ANCA, antineutrophil cytoplasm antibodies; CRP, C reactive protein; eGFR, estimated glomerular filtration

rate; MPO, myeloperoxidase; VDI, Vascular Disease Index.

p=0.08) (figure 2A). An increase in serum calprotectin,
occurred in 33 patients (33/76, 43.4%) but was not asso-
ciated in the whole study population (OR 3.6 (95% CI

|

Sensitivity%

.+ . Calprotectin ratio M6/MO

(AUC=0.67, p=0.08)

- Calprotectin increase 20
-0- Calprotectin decrease

Calprotectin ratio M6IM0 3>

Relaspe-free survival (%)

0 20 40 60 8 100

100% - Specificity%

o 6 9 12 15 18
Months.

Calprotectinincrease 33 B ;29 2 2%

Calprotectin decrease 43 R A )

Figure 2 Serum calprotectin change in ANCA-

associated vasculitides (AAV) patients and risk of relapse.
(A) Calprotectin ratio month 6/month 0 in AAV patient
relapsing or not between month 6 and month 18. Data

are shown as median with IQR. Mann-Whitney U test.

(B) Kaplan-Meier survival curves of AAV patients with an
increase in serum calprotectin at month 6 (solid line) or not
(dotted line) remaining relapse-free between month 6 and
month 18. The time is the number of months of remission
during 18 months of follow-up. Disease relapse was
retained if it occurred between month 6 and month 18 of
follow-up. (A) Gehan-Beslow-Wilcoxon test was performed.
(C) Receiver operating characteristic curves of the predictive
value of relapse of serum calprotectin ratio month 6/month 0.
ANCA, antineutrophil cytoplasm antibody.

No. atris}

0.9 to 15.1), p=0.07) with disease relapse (figure 2B,
table 3). The association was statistically significant in
AAV patients with PR3-ANCA positive at diagnosis (OR
5.6 (95% CI 1.0 to 31.2, p=0.03)) in contrast to patient
with MPO-ANCA (OR 1.1 (95% CI 0.06 to 20.1, p=0.9).
After adjustment calprotectin increase was not signifi-
cantly associated with relapse (OR 3.20 (95% CI 0.60,
16.52, p=0.12) (table 3). The area under the ROC curve
of calprotectin ratio M6,/MO0 was 0.67 (p=0.08) to predict
disease relapse (figure 2C).

DISCUSSION

This study shows that an increase in serum calprotectin
during the first 6 months following the initiation of main-
tenance therapy in AAV patients identifies patients at risk
of subsequent renal function deterioration. Calprotectin
variation was also associated with risk of disease relapse
but only in PR3-ANCA patients at diagnosis.

Pepper et al demonstrated that an increase in serum
calprotectin levels at 2 or 6 months, compared with base-
line, in active PR3-ANCA patients treated with rituximab
for induction of remission is associated with a higher
risk of relapse during 18 months of follow-up, whereas
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Table 3 Univariate and multivariate logistic regression analysis of total relapse in AAV patient

Univariable analysis

Multivariable
models*

Multivariable
modelst

Factors OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
Male 0.63 (0.16 to 2.43) 0.50

Age 1.00 (0.95 to 1.06) 0.92

Rituximab 0.40 (0.10 to 1.70) 0.22 0.12 (0.18 to 0.85) 0.03
Relapser 0.30 (0.04 to 2.51) 0.26

PR3 positivity at 2.29 (0.45t0 11.65) 0.32 4.38 (0.60t0 31.70) 0.14
diagnostic

VDI at inclusion 0.90 (0.69 to 1.38) 0.64

Neutrophil count at  1.00 (0.99 to 1.00) 0.08 1.00 (0.99 to 1.00) 0.11 1.00 (1.00 to 1.00) 0.03
inclusion

CRP at inclusion 1.01 (0.87 to 1.18) 0.88

eGFR at inclusion 1.02 (1.00 to 1.04) 0.11 1.01 (0.99 to 1.04) 0.19 1.01 (0.99 to 1.04) 0.23
ANCA positivity at ~ 0.82 (0.21 to 3.21) 0.78

inclusion

Negativation ANCA 0.94 (0.24 to 3.65) 0.93

at remission

Prednisone at 0.97 (0.89 to 1.08) 0.61

inclusion

Calprotectin 3.59 (0.85to0 15.15)  0.08 2.60 (0.56 to 12.15)  0.22 3.20 (0.60to 16.52) 0.14
increase

Logistic regression models were applied for univariate and multivariate analysis.

Bold values indicate statistical significance.

*P values are from a multivariate logistic regression model with factors including neutrophil count at inclusion, eGFR at inclusion and

calprotectin increase.

TP values are from a multivariate logistic regression model with factors including neutrophil count at inclusion, eGFR at inclusion, rituximab,

PRS3 positivity at diagnostic and calprotectin increase.

AAV, associated renal vasculitis; ANCA, antineutrophil cytoplasm antibodies; CRP, C reactive protein; eGFR, estimated glomerular filtration

rate; MPO, myeloperoxidase; VDI, Vascular Disease Index.

baseline calprotectin level did not predict subsequent
relapse.”” In contrast, a previous small study including
27 patients in persistent remission failed to demonstrate
that serum calprotectin levels identified patients that
relapsed during 24 months of follow-up.”’ Here, on a
larger population, we show that calprotectin variation
may predict the risk of subsequent disease relapse in PR3-
ANCA patients. Monitoring the evolution of calprotectin
seems particularly relevant in this population known to
be at high risk of r<-“:lapse,1 % thus helping the physician to
identify the most at-risk patients who will then be able to
have a tightened follow-up.

Martinez Valenzuela et al showed that during remis-
sion, serum calprotectin at inclusion was significantly
higher in AAV patients with subsequent eGFR decrease
and failed to predict relapse, which contrasts with our
ﬁndings.21 In this study, the definition of eGFR wors-
ening was less stringent, since a decrease >2mL/min/
year (compared with a physiological eGFR loss of 1 mL/
min/year) was sufficient to determine renal function
decline. A small variation in eGFR could be explained
by analytical and within-subject biological variability.
A decrease of eGFR by 13.1% could be considered as

a clinically relevant renal function deterioration that
cannot be explained by normal biological variability or
analytical variation.?’ Therefore, we decided to use a
stringent definition of renal function decline following
the NICE 2015 guideline. Importantly, serum calpro-
tectin was not correlated with eGFR value as previously
described,21 allowing the use of this biomarker in AAV
patients with renal impairment.

In our study, the serum calprotectin level was indepen-
dent of ANCA status at remission suggesting that calpro-
tectin could be useful in addition to ANCA to predict
the subsequent risk of disease relapse.g As in the active
phase of the disease,20 calprotectin levels correlated
with inflammatory parameters such as neutrophil count
and CRP level in AAV patients in remission. CRP is a
widely used biomarker to assess disease activity in AAV,
but its predictive value for disease relapse is limited
since its elevation remains very acute. In contrast, the
CRP level during remission does not predict relapse in
GPA patients®™ which tempered its interest during AAV
monitoring. Calprotectin seems to reflect the subclinical
inflammation occurring during the remission phase and
leading to AAV relapse and renal damage.
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Cba receptor inhibitor, avacopan, by blocking neutro-
phil activation and chemoattraction, induced remission
and improve kidney function in AAV patients.” The
complement component Cba mediates the release of
calprotectin from neutrophils and induced glomerulone-
phritis in an animal model.***' Calprotectin could be an
interesting candidate biomarker of neutrophil activation
for monitoring the efficiency of avacopan treatment.

We observed that female gender was associated with an
increased risk of occurrence of renal function decline.
These results contrast with previous studies showing that
male gender was associated with more severe vasculitis
and more renal involvement.”® ** Other studies did not
show an association.' ** The impact of gender on ANCA
vasculitis severity remains controversial. Further studies
are needed to clarify this relationship.

The major strength of our study is to assess for the
first-time serum calprotectin in a large cohort of AAV
patients in remission in the RTX era. Also, in contrast
with previous studies, we used a stringent definition
of renal function decline. The major limitation of this
study is the low number of disease relapses (n=10) and
renal function decline (n=19) to perform a multivariate
logistic regression analysis. Therefore, the logistic regres-
sion model used in this study may overfit the data with
the risk that these results may not be generalisable to the
entire population. At baseline, the eGFR decline group
had a statistical tendency to have a higher eGFR than the
group without eGFR decline. Although no statistically
significant difference was found, we cannot exclude that
this difference in eGFR at baseline is not a confounding
factor that could bias the observed results due to an
increased probability of being able to observe a decline
in renal function in the eGFR decline group. Neverthe-
less, the association between changes in calprotectin and
a decline in renal function persisted even after adjust-
ment for eGFR at inclusion. We were unable to confirm
our results using a replication cohort, as AAV is a rare
disease, it is difficult to obtain large cohorts of patients.

Overall, an increase in serum calprotectin at month
6 after initiation of maintenance therapy was inde-
pendently associated with a risk of subsequent renal func-
tion decline in AAV patients in the following 12 months.
Serum calprotectin reflects the subclinical inflammation
occurring during remission and could represent an inter-
esting biomarker to predict subsequent renal function
deterioration and relapses during maintenance therapy.
These results need to be confirmed in a larger validation
cohort.
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