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ABSTRACT

Objective To develop a score assessing the probability

of relapse in granulomatosis with polyangiitis (GPA) and
microscopic polyangiitis (MPA).

Methods Long-term follow-up data from GPA and MPA
patients included in five consecutive randomised controlled
trials were pooled. Patient characteristics at diagnosis
were entered into a competing-risks model, with relapse
as the event of interest and death the competing event.
Univariate and multivariate analyses were computed to
identify variables associated with relapse and build a
score, which was then validated in an independent cohort
of GPA or MPA patients.

Results Data collected from 427 patients (203 GPA,

224 MPA) at diagnosis were included. Mean=SD follow-up
was 80.6+51.3 months; 207 (48.5%) patients experienced
>1 relapse. Relapse risk was associated with proteinase 3
(PR3) positivity (HR=1.81 (95% Cl 1.28 t0 2.57); p<0.001),
age <75 years (HR=1.89 (95% Cl 1.15 to0 3.13); p=0.012)
and estimated glomerular filtration rate (eGFR) >30 mL/
min/1.73m?2 (HR=1.67 (95% Cl 1.18 to 2.33); p=0.004)

at diagnosis. A score, the French Vasculitis Study Group
Relapse Score (FRS), from 0 to 3 points was modelised:

1 point each for PR3-antineutrophil cytoplasmic antibody
positivity, eGFR >30 mL/min/1.73 m2 and age <75 years.

In the validation cohort of 209 patients, the 5-year relapse
risk was 8% for a FRS of 0, 30% for 1, 48% for 2 and 76%
for 3.

Conclusion The FRS can be used at diagnosis to assess
the relapse risk in patients with GPA or MPA. Its value for
tailoring the duration of maintenance therapy should be
evaluated in future prospective trials.

INTRODUCTION

Granulomatosis with polyangiitis (GPA) and
microscopic polyangiitis (MPA) are the two
main antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitides (AAV).' GPA
and MPA differ in their pathogenesis, genetics
and serotypes, but patients with these two types
of vasculitis share many clinical features and
currently receive similar treatments.*” A ther-
apeutic strategy combining glucocorticoids

% Loic Guillevin®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Granulomatosis with polyangiitis and microscopic
polyangiitis are two antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitides (AAV) in which
relapse is common. There is a lack of criteria to pre-
dict the risk of relapse in AAV.

WHAT THIS STUDY ADDS

= We identified three factors (PR3-ANCA, age <75
years and estimated glomerular filtration rate
>30mL/min/1.73m?) associated with a higher risk
of relapse of AAV. These factors were combined to
form a score, ranging from 0 to 3 points (1 point for
each factor) that predicts the risk of relapse in AAV.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This score could, therefore, help clinicians tailor the
duration of maintenance therapy in AAV, provided
it is evaluated and validated in future prospective
trials.

(GC) and cyclophosphamide or rituximab to
induce remission has dramatically improved
survival of AAV in the past decades.”"”
Despite this improvement, maintaining
remission in patients with GPA or MPA remains
challenging. Relapse occurs in 13.7%-44%
of cases at 18-36 months depending on the
duration of follow-up, patient characteris-
tics and maintenance treatment.” * ' Main-
tenance therapy with low-dose preemptive
rituximab has significantly decreased the risk
of relapse in comparison with azathioprine,''
but relapses still occur after rituximab discon-
tinuation. Long-term follow-up of the MAIN-
RITSAN 1 trial showed that relapse-free
survival was 58% at 60 months in patients
treated with rituximab 500 mg every 6 months
for 18 months."” Increasing the duration of
azathioprine maintenance therapy from 24 to

BM)
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Figure 1

Flow chart of the study (development cohort). AAV, ANCA-associated vasculitides; EGPA, eosinophilic GPA; GPA,

Deceased
N=92 (21.5%)

granulomatosis with polyangiitis; MPA, microscopic polyangiitis; PAN, polyarteritis nodosa.

48 months has been shown to decrease the risk of relapse
and improve renal outcome."”

However, adverse events were more frequent in the
group of patients receiving 48 months of maintenance
treatment, suggesting that prolonged maintenance
therapy is probably not suitable for every GPA or MPA
patient."”” The MAINRITSAN 3 trial recently confirmed
that extended therapy with biannual rituximab infusions
over 18 months also significantly decreases the frequency
of AAV relapse without increasing the number of severe
adverse events. Although prolonged treatment with
rituximab had a good safety profile during the follow-up
period of the pivotal clinical trials,5 9121 Jata available
since the SARS-Cov2 pandemic have shown that rituximab
increases morbidity and mortality in these patients when
infected with SARS-Cov2'® '® because it increases the risk
of severe forms of COVID-19 and because it decreases the
quality of the postvaccine humoral immune response to
SARS-Cov2.'"'®

We do not yet have sufficient knowledge to predict
flares or relapses. We also lack reliable indicators that
could be used to tailor treatment in order to minimise
immunosuppression in those less likely to experience
relapse. Such markers could also be used to monitor
patients more likely to experience relapse while main-
taining higher levels of immunosuppressive therapy. It
is therefore essential to better identify the factors asso-
ciated with the risk of relapse in order to take a further
step towards personalised management. To date, studies
have mainly identified kidney failure as a protective
factor against relapse, whereas anti-proteinase 3 (PR3)
antibodies and cardiovascular involvement have been
associated with an increased risk of relapse.'"™

The objective of this study was to identify baseline clin-
ical and biological patient characteristics associated with
the probability of relapse during follow-up in order to
develop a relapse prediction score. This score could help
clinicians determine whether patients in remission after
induction therapy should receive extended maintenance
treatment.

PATIENTS AND METHODS

Patients and definitions

Patient and disease characteristics at diagnosis and long-
term follow-up data were pooled from five consecutive
prospective trials conducted by the French Vasculitis
Study Group (FVSG) involving GPA and MPA patients
(CHUSPAN I, CHUSPAN II, CORTAGE, MAINRITSAN
and WEGENT).* 1012 2327 A1l trjals included GPA and
MPA patients fulfilling the revised Chapel Hill Consensus
Conference nomenclature." All patients were included
at AAV diagnosis, except in the MAINRITSAN and
WEGENT studies in which patients were included at the
start of maintenance therapy. Thereby, GPA and MPA
patients included in these studies after a last flare which
was already a relapse and for whom data at diagnosis of
AAV were missing, were excluded from this study. Patients
with eosinophilic GPA (EGPA) or polyarteritis nodosa
(PAN) included in the CHUSPAN I, CHUSPAN II and
CORTAGE studies were also excluded from the analysis.

Data collection

Development cohort

Patients were assessed at baseline for manifestations of
GPA and MPA in each organ system using the Birmingham
Activity Score (BVAS)*® and were treated according to the
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Table 1 Summary of eligibility and treatment regimen in the included trials
No of
Age (years) included Follow-up Outcome
Included at diagnosis, Induction Maintenance patients* (months), relapse: n (%)
Trial disease stage mean+SD treatment treatment (MPA/GPA) mean+SD deceased: n (%)
CHUSPAN | » MPA, PAN 57.4+15.0 GC GC 61 (61/0) 97.8+40.3 35/61 (57)
(FFS=0) and EGPA 8/61 (13)
» FFS
(1996)=0
CHUSPAN | » MPA, PAN 60.3+15.4 GC+IVCYC (6vs GC 40 (40/0) 99.9+77.9 19/40 (48)
(FFS>1) and EGPA 12 pulses) 25/40 (63)
» FFS (1996)
>1
CHUSPAN I MPA, PAN, 72.7+11.6 GC+PLAvs GC+PLAvs 25 (25/0) 23.1+4.8 9/25 (36)
EGPA GC+AZA GC+AZA 0/25 (0)
CORTAGE MPA, GPA, 75.8+6.3 > PAN > PAN 83 (47/36) 31.0£16.5 22/83 (27)
PAN, EGPA and EGPA and EGPA 21/83 (25)
with FFS=0: with FFS=0:
GC (conv. GC
doses) vs | 2 Others:
GC+IVCYC GC+AZAor
(low dose) MTX
> Others:
GC+IVCYC
(conv. dose)
vs GC+IVCYC
(low dose)
MAINRITSAN | MPA, GPA 55.1+13.4 GC+RTXor GC+RTXvs 92 (21/71) 65.4+9.2 47/92 (51)
GC+IV CYC GC+AZA 4/92 (4)
WEGENT MPA, GPA 58.5+12.9 GC+IV CYC GC+AZAvs 126 (30/96) 121.4+114.3  75/126 (60)
GC+MTX 34/126 (27)

*Number of patients included in the development cohort of this study

AZA, azathioprine; EGPA, eosinophilic GPA; FFS, five factor score; GC, glucocorticoids; GPA, granulomatosis with polyangiitis; IV CYC, intravenous
cyclophosphamide; MPA, microscopic polyangiitis; MTX, methotrexate; PAN, polyarteritis nodosa; PLA, placebo; RTX, rituximab.

protocol of the CHUSPAN I, CHUSPAN II, WEGENT,
MAINRITSAN and CORTAGE trials. Then, patients were
prospectively monitored routinely in extended moni-
toring studies with data reported on relapses, treatments,
vasculitis-induced damage and vital status. Follow-up data
on ANCA were not collected in this study since we were
only interested in the effect of clinico-biological charac-
teristics at diagnosis on subsequent relapse risk.

Validation cohort

The validation cohort included AAV patients aged >65
years from the FVSG registry database.” Patients were
included if they had a new diagnosis of GPA or MPA
made after 2000, according to the revised Chapel Hill
Consensus Conference,' and if they were either followed
up for at least 6 months and/or were deceased. Dupli-
cates with the development cohort were removed from
the validation cohort. All patients enrolled in the valida-
tion cohort were drawn from the FVSG registry and thus
provided written informed consent.

Definitions

Remission was defined as the absence of disease activity
attributable to GPA or MPA manifestations for >3 consec-
utive months, corresponding to BVAS=0, not requiring

being off or on a specified GC dose. Relapse was defined
as the recurrence and/or appearance of >1 new vasculitis
manifestation (s) after remission lasting >3 months.”

Statistical analyses

Continuous variables are expressed as means =£SD and
categorical variables as numbers (%). Statistical analyses
were computed using SAS V.9.4 (SAS Institute) and R
software using the TimeROC package.”’

In AAV, death and relapse are not independent events.
Conventional statistical methods for time-to-event anal-
ysis assume that competing risks are absent, meaning
that incidence (assuming independent competing risks)
of relapse is estimated in a population where no one
dies, which may not realistically reflect relapse risk in a
population.” Thus, we applied a Fine-Gray subdistribu-
tion hazard model to model the subdistribution hazard
of AAV relapse with the death being considered as the
competing event. The proportional hazards assumption
was not realistic for all data, insofar as the effectiveness
of the treatments differs from one trial to the other. To
account for this heterogeneity of treatment effect on
relapse risk, we perform a stratified analysis, using The
STRATA statement of SAS PHREG procedure.”” The
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Table 2 Description of the two cohorts of AAV patients at diagnosis

Development cohort (n=427)

Validation cohort (n=209)

Follow-up (months)

Age at diagnosis (years)

Age at diagnosis >75 years

Sex (F/M)

Diagnosis
GPA
MPA
Unclassified

Clinical characteristics
Weight loss >2 kg
Arthralgia or myalgia
ENT signs
Pulmonary signs
Alveolar haemorrhage
Pulmonary nodules
Kidney involvement
Proteinuria >0.2 g/day
Haematuria
Skin lesions
Neurological involvement
Peripheral nervous system
Central nervous system
Cardiovascular involvement
Pericarditis
Cardiomyopathy
Gastrointestinal symptoms
Ophthalmologic symptoms

Biology

Serum creatinine level (umol/L)
Glomerular filtration rate (CKD-EPI, mL/min/1.73 m?)
ANCA immunofluorescence, n (%)*

ANCA ELISA, n (%)
Negative
MPO-ANCA
PR3-ANCA

Induction treatment
Glucocorticoids
Plasma exchange
Immunosuppressant
IV cyclophosphamide
Rituximab
Other

Maintenance treatment
Immunosuppressant
Azathioprine

80.6+51.3
62.0+14.7
74 (17%)
209/218

203 (48%)
224 (52%)
0

279 (65%
283 (66%
216 (51%
256 (60%
57 (13%)
116 (27%)
302 (71%)
254 (60%)
212 (50%)

(

(

(€

)
)
)
)

173 (41%)
194 (46%)
157 (37%)
22 (5%)

59 (14%)
6 (6%)
6 (4%)
72 (17%)
71 (17%)

184.0+186.8
56.6+35.0
365 (85%)

76 (18%)
184 (43%)
167 (39%)

427 (100%)
0

350 (82%)
341 (80%)
0

9 %)t

301 (70%)
184 (43%)

38.1+19.9
78.1+5.8
168 (80%)
122/87

102 (49%)
105 (50%)
2 (1%)

88/204 (43%)

82/206 (40%)
1 (39%)

96 (46%)

33 (16%)

37 (18%)

140 (67%)

105/129 (81%)

115/195 (59%)

38 (28%)

54 (26%)

43 (21%)

0 (5%)

2 (6%)

3 (1 %)

1 (0.5%)

3 (1%)

9 (4%)

226210
46.9+36.2
204 (98%)

9 (4%)
131 (63%)t
74 (35%)t

208 (99%)
24/208 (12%)
178 (85%)
125 (60%)

53 (25%)

10 (5%)

168 (80%)
81 (39%)

Continued
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Table 2 Continued

Development cohort (n=427)

Validation cohort (n=209)

Methotrexate
Rituximab
Other

66 (15%) 15 (7%)
46 (11%) 84 (40%)
5 (1%) 10 (5%)

Continuous variables are expressed by mean+SD. Categorical variables are expressed by number (percentage).
*As defined by immunofluorescence. **5 patients had both anti MPO and anti PR3 antibodies.

15 patients had both anti MPO and anti PR3 antibodies.

FThese patients were all included in the AZA arm of the CHUSPAN |l trial.
AAV, ANCA-associated vasculitides; ANCA, antineutrophil cytoplasmic antibody; ENT, ear nose and throat; GPA, granulomatosis with

polyangiitis; MPA, microscopic polyangiitis.

trial arm (three arms for CHUSPAN I, and two arms
each for CHUSPAN II, CORTAGE, MAINRITSAN and
WEGENT)* 1012 227 was used to determine the strata
levels. Times to relapse and/or death were calculated
from treatment onset.

The candidate variables to be entered in the score
were: sex, diagnosis (MPA vs GPA), ANCA status (posi-
tive vs negative), PR3-ANCA status (positive vs negative),
MPO-ANCA status (positive vs negative), fever, myalgias,
arthralgias, ear, nose and throat (ENT) involvement,
pulmonary involvement, asthma, alveolar haemor-
rhage, pulmonary nodules, kidney involvement, protein-
uria >0.2g/day, haematuria, skin lesions, neurological
involvement, peripheral nervous system involvement,
mononeuritis multiplex, peripheral polyneuropathy,
central nervous system involvement, cardiac involvement,
pericarditis, specific cardiomyopathy, gangrene, gastroin-
testinal involvement, abdominal pain, severe abdominal
involvement, digestive haemorrhage, ophthalmologic
symptoms, serum creatinine, estimated glomerular filtra-
tion rate (eGFR) (CKD-EPI), five factor score (1996 and
2011 versions).

We developed the score using the following steps:

Step 1

The relapse sub-HRs and corresponding Cls and p values
were obtained for all candidate variables, separately,
using a bivariate Fine-Gray model stratified on the treat-
ment arm. All candidate variables were categorical except
for age and GFR, for which the optimal threshold was
determined according to clinical relevance and spline
regression.

Step 2

A multivariate Fine-Gray model was constructed using a
manual backward selection procedure including all vari-
ables influencing the relapse sub-HR with a p<0.2 in the
last step. All covariates with a significant (p<0.05) effect
on relapse subhazard were kept in the final model (the
list of included variables is provided in online supple-
mental file.

Step 3
Two score calculations have been proposed from the final
model. In the first, estimated regression coefficients were

multiplied by 10 and rounded to the nearest integer.34
The resultant integer represents the ponderation for
the presence of the given risk factor. Reference levels
of the categorical variable were assigned a score of zero.
In the second, we developed a simple score for which
the weighting was 1 (for variables increasing the risk of
relapse) or -1 (for variable protecting against relapse).
The relapse score was obtained by summing the weights
of the risk factors present in both scoring systems.

Step 4

Then, the discriminative ability of simple and complex
scores to predict relapse at 24, 36, 48, 60, 72 and 84
months after a diagnosis of vasculitis were investigated.
For this purpose, we estimated the area under the ROC
curve (AUC) for relapse prediction as a function of the
score value at each of these time points using the proce-
dure described by Blanche et al.> This step allowed us to
choose the best weighting system for scoring.

Step 5

Finally, the score was validated in an independent cohort
of 209 patients with GPA or MPA using a Fine-Gray model
with the score value as the independent variable. The
cumulative incidence function of relapse was estimated
and compared between the different categories of score
value. Finally, the AUC of the score to predict relapse at
different times was calculated to check the discrimina-
tion of the score.

RESULTS

Studied population

Patients with PAN (n=108), EGPA (n=185) and those
with missing data at diagnosis of AAV (n=23) were not
considered in this study. Finally, a total of 427 patients
included at diagnosis of AAV (203 GPA and 224 MPA)
were analysed in the development cohort. Mean follow-up
was 80.6+51.3 months; 207 (48.5%) patients experienced
at least one relapse during follow-up. Of the 92 (21.5%)
that died, 56 had no previous relapse and 36 did have a
relapse (figure 1). The characteristics of the clinical trials
in which these 427 patients were included are summa-
rised in table 1.
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Baseline characteristics of the development cohort

The main characteristics of the patients at AAV diag-
nosis are summarised in table 2. At diagnosis, mean age
was 62.0+14.7 years, mean serum creatinine level was
184.0+186.8 pmol/L and GFR, as estimated by Chronic
Kidney Disease EPIdemiology collaboration (CKD-EPI),
was 56.6+35.0mL/min/1.73m2. Maintenance therapy
included immunosuppressive drugs (methotrexate,
azathioprine or rituximab) in 301 patients (70%).

Baseline characteristics of the validation cohort

Characteristics of the 209 patients (102GPA, 105 MPA
and 2 unclassified AAV) of the validation cohort are
detailed in table 2. Mean age at diagnosis was 78.1+5.8

years, 178 (85%) patients received immunosuppressants
as induction therapy and 190 (91%) received immu-
nosuppressants during maintenance therapy. After a
mean follow-up of 38.1+19.9 months, 44 (21%) patients
relapsed and 14 (7%) died.

Factors associated with relapse

Results of univariate and multivariate analyses are summa-
rised in table 3 and figure 2. A higher risk of relapse was
independently associated with PR3-ANCA (HR=1.81
(95% CI 1.28 to 2.57); p<0.001), age <75 years (HR=1.89
(95% CI 1.15 to 3.13); p=0.012) and eGFR (CKD-EPI)
>30mL/min/1.73m2 (HR=1.67 (95% CI 1.18 to 2.33);
p=0.004) at AAV diagnosis.

Table 3 Factors associated with the occurrence of relapse in the development cohort

Univariate Multivariate model
HR P value HR P value
Age <60 years 1.05 0.702
Age <65 years 1.52 0.010
Age <70 years 1.59 0.009
Age <75 years 2.04 0.005 1.89 0.012
Sex (M vs F) 1.01 0.938
MPA (vs GPA) 0.55 0.003 * *
Fever 1.05 0.714
Weight loss >2 kg 0.93 0.619
Arthralgia 1.11 0.479
Myalgia 1.14 0.373
ENT signs 1.21 0.237
Skin lesions 0.93 0.649
Pulmonary signs 1.04 0.806
Alveolar haemorrhage 1.24 0.317
Pulmonary nodules 1.48 0.018 * *
Kidney involvement 0.95 0.803
Proteinuria >0.2 g/day 0.98 0.891
Haematuria 0.92 0.633
eGFR >30mL/min/1.73m? 1.61 0.005 1.67 0.004
Creatinine blood level >200 umol/L 0.62 0.010
Cardiac involvement 1.13 0.537
Pericarditis 1.62 0.060 * *
Specific myocardiopathy 0.69 0.385
Gastrointestinal symptoms 0.89 0.547
Peripheral nervous system involvement 0.95 0.711
Central nervous system involvement 0.87 0.679
Ophthalmological symptoms 1.26 0.168 * *
Positive ANCA (any) 1.37 0.181
PR3-ANCA 1.85 <0.001 1.81 <0.001
MPO-ANCA 0.67 0.010 * *

*Excluded in the backward procedure.

eGFR, estimated glomerular filtration rate; ENT, ear nose and throat; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis.
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Figure 2 Risk of relapse depending on age, eGFR

(CKD-EPI) and PRS3 positivity in the development cohort.

Curves are showing the risk of relapse (Fine-Gray model)
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Score predicting AAV relapse

Multivariate analysis was used to build a predictive score
for relapse. AAV treatment (induction and maintenance)
was taken into account via stratification on the randomi-
sation arm in each therapeutic trial. For the first model,
each item independently associated with the occurrence
of relapse was weighted based on its HR. This first version
of the score (complex score) varied from -11 to +6 points

with 6 possible states. Simplification of this complex score
was evaluated by grouping=strata (online supplemental
figure 1). Therefore, a simplified version of the score,
entitled the FVSG Relapse Score (FRS), was modelised
as follow: 1 point for PR3-ANCA, 1 point for eGFR (CKD-
EPI) 230 mL/min/1.73m? and 1 point for age <75 years
at AAV diagnosis for each item. Thus, the FRS varied from
0 to 3 points. Comparison of the AUC assessing the sensi-
tivity and specificity of the complex score versus the FRS
in the development cohort showed that the performance
of these two scores was comparable (online supplemental
table 1). We; therefore, retained the simple version of the
score (FRS) for further analysis.

In the development cohort, the FRS was 0 for 23
(5.4%) patients, 1 for 104 (24.4%) patients, 2 for 195
(45.7%) patients and 3 for 105 (24.6%) patients. The risk
of relapse as a function of score value at different time
points after diagnosis of AAV is detailed in table 4 and
illustrated in figure 3.

FRS in the validation cohort
In the validation cohort, the FRS was 0 in 59 (28.2%)
patients, 1 in 83 (39.7%) patients, 2 in 49 (23.5%)
patients and 3 in 18 (8.6%) patients. The risk of relapse
as a function of score at the time of diagnosis of AAV in
the validation cohort is detailed in table 4 and illustrated
in figure 3. The risk of relapse 5 years after diagnosis of
AAV was 8% for a FRS of 0 points, 30% for 1 point, 48%
for 2 points and 76% for 3 points (table 4).

In the GPA patients (n=102/209), 16 patients had
a O-point FRS, 33 had a 1l-point FRS, 36 had a 2-point
FRS and 17 had a 3-point FRS. Among the patients
with MPA (n=105/209), 43 patients had a 0-point FRS,
48 patients a 1-point FRS, 13 patients a 2-point FRS and
only 1 patient a 3-point FRS. The risk of relapse at 3 and 5
years according to the FRS for each subgroup is shown in
table 5. It varied significantly with FRS in both subgroups,
especially at 5 years of follow-up: MPA (p=0.009), GPA
(p=0.007) (table 5).

Specificity and sensitivity of the FRS

AUC the ROC curves analysing the sensitivity and spec-
ificity of the score for predicting relapse throughout
follow-up after AAV diagnosis showed that the perfor-
mance of the FRS was better in the validation cohort
than in the development cohort, increasing over time to
0.71 (0.61-0.81) at 36 months and 0.83 (0.78-0.89) at 60
months after AAV diagnosis (figure 3C,D).

DISCUSSION

This study provides a simple score, entitled FRS, which
can be calculated at the time of diagnosis of GPA or MPA
to predict the risk of relapse during follow-up and which
may ultimately allow clinicians to tailor the duration of
maintenance therapy for these vasculitides. The FRS is
composed of three variables and ranges from 0 to 3 points:
positivity of PR3-ANCA, GFR >30mL/min/1.73m? and
age <75 years (1 point each). The higher the FRS, the
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Table 4 Risk of relapse (cumulative incidence function) in each cohort depending on the FRS at AAV diagnosis

Development cohort (n=427) Validation cohort (n=209)
Risk of relapse  Risk of relapse Risk of relapse  Risk of relapse Risk of relapse Risk of relapse
2 years after 3 years after 5 years after 2 years after 3 years after 5 years after
FRS diagnosis diagnosis diagnosis diagnosis diagnosis diagnosis
0 point 2 (0.4-13.8) 3 (0.6-20.4) 4 (0.6-25.8) 2 (0.6-6.0) 5(1.5-14.4) 8 (2.3-26.8)
1 point 18 (13.1-24.2) 27 (19.8-37.0) 31 (23.5-41.3) 8 (4.1-15.9) 19 (11.2-31.2) 30 (19.8-47.0)
2 points 25 (19.4-31.3) 37 (30.6-43.8) 42 (36.1-47.9) 14 (7.4-26.4) 31 (20.2-47.4) 48 (33.0-69.1)

3points 34 (28.5-41.1) 49 (41.0-58.6)  55(47.6-63.2) 29 (17.3-47.0) 56 ((39.8-79.0) 76 (58.2-100)

Relapse score=age <75 years (1 point) + positive PR3-ANCA (1 point) + eGFR (CKD-EPI) >30mL/min/1.73m? (1 point). Results are expressed
by % (Cl at 95%).
AAV, ANCA-associated vasculitides; FRS, FVSG Relapse Score.

greater the risk of relapse. Thus, we can consider that the find that cardiovascular involvement was associated with
risk is very low for a FRS of 0, moderate for a FRS of 1 and an increased risk of relapse, which may be related to the
high for a FRS of 2 or 3. fact that this type of AAV involvement was not frequent

As previously reported,'”* * we found that the pres-  in our development cohort (only 14% of cases). Another
ence of PR3-ANCA at diagnosis was associated with an  study”® had also shown that having PR3 ANCA was associ-
increased risk of relapse, whereas kidney failure reduced  ated with an increased risk of relapse in two independent
it. However, unlike previous studies,19 2122 we did not cohorts. The authors also found that the presence of
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Figure 3 (A, B) Risk of relapse (cumulative incidence function) depending on the French Vasculitis Study Group Relapse
Score at AAV diagnosis in the development cohort (A) and the validation cohort (B). (C, D) Area under the ROC curve (AUC)
evaluating sensitivity and specificity of the score to predict the occurrence of relapse across the follow-up from AAV diagnosis
in the development cohort (C) and the validation cohort (D). Full line is the AUC and dotted lines show lower and higher limits of
the Cl at 95%. AAV, ANCA-associated vasculitides.
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Table 5 analysis of the risk of relapse according to the FRS in MPA and GPA patients (validation cohort)

MPA (n=105)

GPA (n=102)

Risk of relapse
3 years after

Risk of relapse
5 years after

Risk of relapse
3 years after

Risk of relapse
5 years after

FRS diagnosis diagnosis P value diagnosis diagnosis P value
0 point 5.7 (1.0-16.9) 11.2(2.4-27.7) 0.009 0* 0* 0.007

1 point 6.6 (1.1-19.6) 17.1 (4.8-35.9) 39.7 (18.4-60.5) 46.4 (22.5-67.4)

2 points 16.1 (2.3-41.4) 28.1 (6.3-57.7) 31.8 (14.4-50.8) 56.1 (32.3-74.4)

3 points T T 60.0 (26.8-82.0) 76.4 (37.7-92.8)

FRS = age <75 years (1 point) + positive PR3-ANCA (1 point) + eGFR (CKD-EPI) >30 mL/min/1.73m? (1 point). Results are expressed by %
(confidence interval at 95%). FRS: FVSG Relapse Score. P is the result of Fine-Gray tests comparing the risk of relapse according to the

value of the FRS.
*No relapse occurred in this subgroup during follow-up.

Tlt was not possible to estimate the risk of relapse for the three-point FRS in the subgroup of patients with MPA because only one patient

was included in this subgroup.

eGFR, estimated glomerular filtration rate; FRS, FVSG Relapse Score; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis.

lung involvement was associated with an increased risk of
relapse, although this was not the case in our study. This
discrepancy can be explained in several ways: (1) less
than 50% of patients received maintenance immunosup-
pressive therapy in the study of Pagnoux et al (compared
with 70% in the development cohort and 80% in the vali-
dation cohort of our study), (2) the statistical model used
in this study did not take into account competing risks
(death vs relapse) and (3) and because there is a very
significant overlap between pulmonary manifestations
and the presence of PR3 ANCA, but PR3 ANCA has a
greater impact on the risk of relapse.

By contrast, we were able to identify that an age <75
years at AAV diagnosis was independently associated with
an increased risk of relapse, which was also confirmed
by the FVSG in a recently published study.” It is likely
that this finding was not previously identified because
patients aged over 80 years were not included in Euro-
pean Vasculitis Society (EUVAS) therapeutic trials,"
which was not the case in the present work since the
CORTAGE study, which was specifically designed for
elderly individuals, enrolled 83 patients.10 Age could also
explain why the performance of the FRS was better in
the validation cohort than in the development cohort
since the mean age at diagnosis of the validation cohort
was 78 years. This result is very important since age is
one of the most important prognostic factors for severe
infections, which are currently the most frequent cause
of death within 1year after AAV diagnosis and the third
most common after 1year of follow—up.m_39 Therefore,
our results suggest that the oldest patients, who are most
at risk of infection and least at risk of relapse, should
not be overtreated. However, we have also shown that
although AAV patients >75 years have a lower relapse risk
than patients aged 65—75 years despite a lower probability
of having received maintenance therapy, they still benefit
from such treatment regimen.29

The FRS is not applicable to EGPA and PAN patients,
who were not included in this study. In PAN, the risk of

relapse is lower.* Regarding EGPA, even if it is also clas-
sified as an AAV,1 this vasculitis has notable differences
and it is not treated exactly the same as GPA and MPA,
including an approach that increasingly targets eosino-
phils. " **

Estimation of the risk of relapse in the subgroup of
MPA or GPA patients in the validation cohort showed
that for the same FRS, the risk of relapse was higher in
GPA than in MPA, although the CI was wide due to the
small number of patients, and remained significantly
predictive of relapse in both vasculitides. After 5 years
of follow-up, none of the GPA patients with an FRS of
0 points had relapsed, 3/4 of those with an FRS of 3
points had relapsed, and about one in two patients with
an initial intermediate FRS (1 or 2 points) had relapsed.

One of the weaknesses of our study is that most patients
were treated before the widespread use of rituximab,
which changed the treatment of GPA and MPA patients
in a major way.43 In the validation cohort, 84 patients
received rituximab maintenance therapy and of these
only 8 relapsed during follow—up.44 Thus, it was not
possible to reliably assess the performance of our score
in the subgroup of patients who received maintenance
therapy with rituximab. In a recent study including GPA
and MPA patients treated with rituximab in induction
and maintenance, age, presence of ANCA and ENT signs
(which are associated with PR3-ANCA) were among the
variables included in a predictive model for the risk of
relapse after rituximab discontinuation, which is consis-
tent with our results.”” The long-term follow-up data of
the MAINRITSAN 1 trial also identified the importance
of PR3-ANCA and the persistence of this marker after
lyear of maintenance therapy in predicting the occur-
rence of relapse after discontinuation of rituximab.'?
The importance of the ANCA status during follow-up was
confirmed in an independent cohort of GPA patients.46
However, these recent data and the fact that our anal-
yses were stratified on the treatment arm of each trial,
one of which included rituximab maintenance therapy
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(MAINRITSAN 1), suggests that our score may work in
patients receiving maintenance therapy with rituximab.
In any case, it will be necessary to validate the FRS in a
larger and more recent cohort of patients, in whom RTX
is the main used agent for induction and maintenance, as
per current guidelines.

Our study has many strengths: the reliability of the data
(data from prospective therapeutic trials), the use of a
Fine-Gray model to distinguish between two competitive
risks (death and relapse), the analysis stratified on the
induction and maintenance treatment (which influences
the progression of the disease), and its validation in an
independent cohort, which allowed us to show that the
FRS reliably predicts the risk of relapse and that its level
of performance increases with time.

In summary, we propose a simple score, entitled
FRS, ranging from 0 to 3 points (PR3-ANCA (1 point),
age<75 years (1 point) and GFR >30mL/min/1.73m? (1
point)), which may be used at diagnosis to predict the
risk of relapse in patients with GPA or MPA. The value
of the FRS for tailoring maintenance treatment for AAVs
deserves to be validated in future prospective trials, with
the aim of providing patients with appropriate person-
alised management.
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