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Abstract

Introduction In 2013, rituximab was approved in France for the treatment of ANCA-associated vasculitis (AAV). The
aim of the study was to compare the treatment and health events of adult incident patients with granulomatosis with
polyangiitis (GPA) and microscopic polyangiitis (MPA), included before rituximab approval (over 2010-2012, Group 1)
and those included after rituximab approval (over 2014-2017, Group 2).

Method Data were extracted from the French National Health Insurance database (SNDS) including outpatient
health care consumption and hospital discharge forms. Comparisons between inclusion periods were performed
using Wilcoxon and y’ tests. Kaplan-Meier method was used to model the duration of treatment induction,
maintenance, and off-drug periods. Fine and Gray tests were used to compare treatment phase durations.

Results A total of 694 GPA and 283 MPA patients were included in Group 1, while 668 GPA and 463 MPA patients
were included in Group 2. Between the two inclusion periods, the proportions of patients treated with rituximab
increased in the induction and maintenance phases whereas treatment with azathioprine declined. These proportions
remained stable in the case of methotrexate, cyclophosphamide, and glucocorticoid-treated patients. Frequency

of first-time hospitalized infections, diabetes and renal failure during the first year after inclusion increased for both
groups.

Limitations of the study This is a retrospective study based on claims data including only 76% of people covered

by health insurance in France. The period studied includes the learning phase of using rituximab. This study lacks
biological data and precise quantitative analysis for the use of steroids, therefore the criteria for establishing diagnosis
and therapeutic choice were unknown.

Conclusions Introduction of rituximab reduced the use of azathioprine without affecting the use of glucocorticoids
or cyclophosphamide.

Key message
Since its release in 2013, rituximab has been quickly adopted in current practice.
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Introduction of rituximab reduced the use of azathioprine but had minimal impact on glucocorticoid and

cyclophosphamide use.

A therapeutic management as effective as the current therapies and allowing to decrease the use of treatments
with safety concerns such as glucocorticoid and cyclophosphamide is still needed.

Keywords Antineutrophil cytoplasmic antibody-associated vasculitides, Systemic vasculitis

Introduction

Granulomatosis with polyangiitis (GPA) and microscopic
polyangiitis (MPA) are antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitides (AAVs). Both are
rare diseases and, in France, in people 20 years old and
above, the age-standardized prevalence rates are 10 and
4/100,000 person-years, respectively [1].

The therapeutic management of GPA/MPA patients
has several goals, including to obtain disease remission
and healing; to reduce the risk of relapse; and to limit the
sequelae linked to the disease and its treatments [2]. The
treatment encompasses two phases: an induction phase
(lasting approximately 3—6 months) intending to obtain
remission of the disease, followed by a maintenance
phase (lasting 12 to 48 months according to history of
relapse and ANCA type). There may be several induction
treatments for disease flare-ups. Timely treatment initia-
tion is key to prevent progression to kidney failure [3].

Since the 1970s, cyclophosphamide (CYC) in addition
to corticosteroids are the backbone of the therapy for
severe GPA and MPA. While therapies are often effec-
tive in inducing a remission, they are associated with a
range of toxicities: for cyclophosphamide, increased risk
of infections and cancer on the long term; for glucocorti-
coids (GCs), hypertension, osteoporosis, infections, and
diabetes [4, 5]. Regimens associated to a reduced use of
glucocorticoids and cyclophosphamide are therefore
preferable to prevent these complications. In the 2010s,
rituximab (RTX) was shown to be non-inferior to CYC
in two clinical trials for AAVs and appeared to be more
effective for relapsing disease in one clinical trial [6, 7].
Furthermore, RTX has a favourable safety profile [8] and
proven efficacy [9]. The licensing of RTX for AAV in 2013
changed the patient management guidelines [10, 11] and
was expected to lower GC use.

Drug use and safety in GPA and MPA in the real-world
setting is yet to be quantified [12]. Hence, this observa-
tional study was set up in France with two goals. First,
to describe the impact of the introduction of RTX on
the therapeutic management of the diseases. Second, to
describe in incident GPA/MPA patients the comorbidi-
ties and health events prior and within one year of their
diagnosis.

Materials and methods

Study design and data sources

As described elsewhere [1], this retrospective longitudi-
nal observational study was performed using data from
the French National Health Data System (SNDS). Used
for billing purposes, the SNDS contains demographic
data and data on healthcare resource consumption in the
community as well as in all hospitals and healthcare facil-
ities [13]. The database does not provide the date of dis-
ease onset, but it can be approximated by the date of the
first healthcare resource consumption (such as a hospital
admission) for a disease.

Study population and study period
All adult patients (=18 years of age) with a unique social
security number and hospitalized for GPA/MPA (identi-
fied with the principal diagnosis, associated diagnosis, or
significant associated diagnosis in the hospital discharge
form) between January 1, 2010, and December 31, 2017,
were included in the study. The ICD-10 codes of interest
were M31.3 “Wegener’s granulomatosis” for GPA, and
M31.7 “Microscopic polyangiitis” for MPA. Patients also
had to be affiliated to the General Scheme (which covers
76% of the people living in France [13]) between January
1, 2006, and December 31, 2017.

For patients identified as having both GPA and MPA
(several hospitalizations with diagnoses of GPA and of
MPA), the following rules were applied:

+ DPatients with less than six hospitalizations were not
classified.

« For patients with at least six hospitalizations, if at
least 60% of hospitalizations had one diagnostic
code for one of the pathologies, the patient was
reclassified as having this pathology.

Thus, some patients could not be classified as GPA only
or MPA only. If reclassification was not possible, patients
were kept for pooled analyses (GPA and MPA patients).
A follow-back period of four years for all patients
(starting as early as January 1, 2006) allowed for the iden-
tification of comorbidities and potential information on
GPA/MPA. The information sought out were any hos-
pitalization for GPA/MPA, or long-term disease status
(LTD, an administrative status allowing full reimburse-
ment of healthcare expenses related to a chronic condi-
tion) for GPA/MPA, or a GPA/MPA-specific treatment.
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This evidence allowed to discriminate prevalent and inci-
dence MPA/GPA cases. Incident patients were defined as
patients without any GPA and/or MPA information dur-
ing the four years prior to inclusion. Therefore, incident
cases encompass both new patients and patients with a
relapse occurring at least four years after the previous
interaction with the healthcare system for those diseases.
Prevalent patients were those with at least one interac-
tion with the healthcare system during the four years
prior to their inclusion in the study.

The index date (the inclusion date) was defined as the
first date with GPA or MPA information in the SNDS
during the inclusion period (hospitalization, LTD, or
treatment). Patients were followed from inclusion until
death, resignation from the general insurance scheme or
a local mutualist section (together covering 87% of the
French population), or until the end of the study (Decem-
ber 31, 2018), whichever occurred first. All study par-
ticipants were followed-up for at least one year (or until
death if it occurred sooner than a year after inclusion).

To examine the effect of the approval of RTX in 2013
on the clinical practice, patients were grouped according
to their inclusion period (Group 1: before the introduc-
tion of RTX, inclusion in 2010-2012; Group 2: after the
introduction of RTX, inclusion in 2014—-2017).

Outcomes
The outcomes were examined overall, by type of vasculi-
tis, and by inclusion period.
Patient characteristics were described at the index date
for incident patients (age, gender, and LTD status).
History of comorbidities were sought for the four
years prior to the index date and within the first year
after inclusion in incident patients without history of

Page 3 of 10

comorbidities. The comorbidities and health events
were: cardiovascular diseases (i.e., stroke [including isch-
emic stroke, haemorrhagic stroke and transient ischemic
attack], coronary disease, peripheral arterial disease),
diabetes mellitus, renal failure, renal transplant, malig-
nancies (all types), osteoporosis (includes hospital admis-
sions for fractures), and pulmonary and urinary tract
infections (hospital admission for). They were looked for
in the SNDS with algorithms based on those published
by the National Health Insurance or published in other
studies [14]. These algorithms use hospital diagnoses,
LTD status, specific treatments, and medical procedures
(Supplement Table 1).

Over the whole study period, the therapeutic manage-
ment of incident patients was described with the list of
drugs delivered. The treatment was divided between
induction, maintenance, and off-drug phases (Table 1).
The definition of the treatment phases relied on the GC
dose and on the other treatments. For lack of exact num-
ber of pills taken each day by each patient, this dose was
defined as the number of tablets per box of medicine dis-
pensed, multiplied by the number of boxes dispensed,
spread over the 30 days following the dispensing date. A
patient could have one or more induction and mainte-
nance phases during the disease course.

The induction phase was defined as a delivery of glu-
cocorticoids (GCs) with a dose>15 mg/day associated or
not with a 30-day combination of mycophenolate mofetil
[MMF], azathioprine (oral) [AZA] or methotrexate
[MTX]), a delivery of CYC [intravenous or oral], a plasma
exchange [PLEX] or a delivery of RTX with =3 admin-
istrations per three-month period. The maintenance
phase was defined as an administration of GCs with a
dose<15 mg/day (with or without a 30-day combination

Table 1 Definition of the induction phase, maintenance phase, off-drug phase, and refractory patients

Induction phase Maintenance phase Off-drug  Refractory
phase patients
Glucocorticoids (GC) >15 mg/day <15 mg/day with or without a 30-day combination with 60 days
with or without a 30-day ~ MMF, AZA, or MTX without
combination with MMF, treat-
AZA, or MTX ment or
Mycophenolate mofetil MMF without a combined administration within 30 days of ~ 180 days
(MMF) GCs without
Azathioprine (AZA) AZA without a combined administration within 30 days of ~ Lfeatment
GCs after 2
Methotrexate (MTX) MTX without a combined administration within 30 days of nmaarlzée_
GCs phases
Cyclophosphamide (CYQ), CcYC No CYC Switch from IV
intravenous (IV) or oral to oral
Or
Switch from CYC
Plasma exchange (PLEX) PLEX No PLEX

Rituximab (RTX) >3 times over 3 months
Infliximab (IFX)

Immunoglobulin (IG)

<3times over 3 months

Switch from RTX
IFX
IG
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of MMEF, AZA or MTX); or an administration of MMF
without a combined administration within 30 days of
GCs; or an administration of AZA without a combined
administration within 30 days of GCs; or a delivery of
MTX without a combined administration within 30 days
of GCs; or an administration of RTX with <3 adminis-
trations per three- month period. If the patient received
CYC or had a PLEX procedure, he/she was not in a main-
tenance phase. Off-drug phase was defined as period
starting 60 days after the last treatment delivery, or start-
ing 180 days after two maintenance phases back to back.

Statistical methods
Continuous data were expressed as meanzstandard
deviation (SD), median, and 1st and 3rd quartiles. Cat-
egorial data were expressed as numbers and percentages.
Differences between GPA and MPA patients were tested
with the Wilcoxon test (continuous variables such as the
number of induction and maintenance phases) or X?
(categorical variables such as the proportion of patients
treaded with one drug). Kaplan-Meier method was used
to model the duration of induction, maintenance, and
off-drug phases. Fine and Gray tests were used to com-
pare treatment durations between Group 1 and Group 2.
All statistical tests were two-sided and were performed
at a 5% significance level. Given that all healthcare con-
sumptions are reported in the database, no replacement
of missing values was performed.

Statistical analyses were performed using SAS version
9.4.

The STROBE guidelines were followed.

Results
Study patients
A total of 6,581 patients were enrolled over the study
period, including 2,605 incident patients (39.6%) (Fig. 1).
Amongst the incident patients, 1,578 patients suffered
from GPA (60.6%) and 878 patients from MPA (33.7%).
For 149 patients, it was not possible to classify them as
GPA or MPA (5.7%). These patients with undetermined
disease were pooled with GPA and MPA patients when
presenting the results for all incident GPA/MPA patients.
Incident patients were divided in 2 groups based on
their index date: 1,024 patients were included in Group
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1(before 2013), and 1,214 patients in Group 2 (after
2013).

Characteristics of incident patients at inclusion
The mean age of incident GPA and MPA patients was
around 60.0 and 66.5 years old, respectively, and was sta-
ble during the two inclusion periods (Table 2).

The sex ratio was also stable over time: around 128 men
for 100 women in GPA patients and around 105 men for
100 women in MPA patients.

In Group 1 and Group 2 GPA patients, 47% and 44%
were hospitalized at least once in a centre of expertise
during the study, respectively. In both Groups of MPA
patients, 45% were hospitalized at least once in a centre
of expertise.

More MPA (35.7% in Group 1 and 36.3% in Group 2)
than GPA patients (18.7% in Group 1 and 15.4% in Group
2) suffered from renal failure at inclusion and over the
four years prior to inclusion (p<0.0001) (Supplement
Fig. 1). Likewise, more MPA than GPA patients were hos-
pitalized for pulmonary or urinary infection at the time
of inclusion or during the prior four years (21.2% and
21.0% in MPA Groups 1 and 2, and 14.6% and 16.8% in
GPA Groups 1 and 2, respectively) (p=0.001).

Treatment phases in incident patients

Induction phases

The median number of induction phases in Group 1 GPA
incident patients was 2. Group 2 GPA incident patients
and Groups 1 and 2 MPA incident patients all had a
median number of induction phases of 1(Table 3). The
median phase duration was around 3 months in GPA
patients, and decreased between the two inclusion peri-
ods from 3.4 to 2.9 months in MPA patients.

Maintenance phases

The median number of maintenance phases was 2 in both
GPA and MPA incident patients and during both inclu-
sion periods. In GPA patients, the median maintenance
phase durations were 3 and 4.5 months in the two inclu-
sion periods, respectively. In MPA patients, it increased
from 3.7 to 5.4 months.

Table 2 GPA and MPA incident patients' characteristics at inclusion, by inclusion period

GPA MPA GPA, MPA, and undetermined
Inclusion period 2010-2012 2014-2017 P-value 2010-2012 2014-2017 P-value 2010-2012 2014-2017 P-value
N=694 N=668 N=283 N=463 N=1,024 N=1,214
Age (years), mean 598 (+155) 608 (x15.7) 0.180 660 (+134) 675(x132) 0.123 61.7 (+15.3) 63.8(+15.1) 0.001
(+SD)
No. of men (%) 386 (55.6%) 376 (56.3%) 0.804 147 (51.9%) 247 (53.4%) 0.709 556 (54.3%) 664 (54.7%)  0.850

P-value in bold type means that the difference in the characteristics between the two inclusion periods is statistically significant
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6,581 GPA and MPA prevalent patients
(including 2,605 incident patients)

| |

4,445 prevalent GPA patients

1,833 prevalent MPA patients

303 prevalent patients with

v

A

undetermined GPA/MPA

v

including 1,578 incident GPA patients including 878 incident MPA patients including 149 incident patients with
* 694 patients in 2010-2012 (Group 1) * 283 patients in 2010-2012 (Group 1) undetermined GPA/MPA
¢ 216 patients in 2013 * 132 patientsin 2013 e 47in2010-2012 (Group 1)
* 668 patientsin 2014-2017 (Group 2) * 463 patients in 2014-2017 (Group 2) e 19in2013

Fig. 1 Study population

+  83in2014-2017 (Group 2)

Table 3 Induction and maintenance phases in GPA and MPA incident patients, by inclusion period

GPA MPA GPA, MPA, and
undetermined

Inclusion period 2010-2012 2014-2017 2010-2012 2014-2017 2010-2012 2014-2017
Induction phases in patients with at least one induction phase
Number of patients N=610 N=620 N=251 N=444 N=903 N=1,144
Median number of phases, (Q1-Q3) 2(1-2) 1(1-2) 1(1-2) 1(1-2) 1(1-2) 1(1-2)
Median phase duration (months) 29 3.1 34 29 3.1 3.0
Maintenance phases in patients with at least one maintenance phase
Number of patients N=667 N=635 N=262 N=433 N=973 N=1,145
Median number of phases, (Q1-Q3) 2(1-3) 2(1-3) 2(1-2) 2(1-3) 2(1-3) 2(1-3)
Median phase duration (months) 3.0 45 3.7 54 3.1 49

Incident patients’ treatment distribution

Induction phase

Between those diagnosed in 2010-2012 and 20142017,
the proportion of patients treated with RTX increased
(from 8.4 to 24.6%) and with AZA decreased (from 29.6
to 14.0%) (Table 4). Despite the sharp increase in RTX
use in Group 2, the percentage of patients treated with
other drugs or with PLEX remained fairly stable.

In the case of GPA patients, a slight decrease in GCs
treatment was also observed between the 2 periods (from
96.9 to 93.9%), while the proportion of patients treated
by PLEX increased (from 17.7 to 23.1%). This was not
observed for MPA patients. Other than for the higher
use of MTX in GPA patients, treatment frequencies were
similar between GPA and MPA groups.

The median GC durations were 6.5 and 7.6 months in
GPA patients and 9.7 and 6.4 months in MPA patients
(Supplement Table 2).

Maintenance phase
Between the two inclusion periods, the proportion of
patients using RTX increased from 12.6 to 45.5% among

GPA patients and from 9.9 to 40.9% among MPA patients.
There was an important decline in AZA use in both GPA
(from 38.4 to 20.9%) and MPA (from 40.1 to 28.6%)
patients. The proportion of patients using GCs remained
very high (at least 98% of patients) and stable over time,
but the median GC treatment durations increased from
7.3 to 27.8 months in GPA patients and from 8.3 to 20.9
months in MPA patients between the two inclusion peri-
ods (Supplement Table 2).

Health events during the first year after inclusion

Health events after inclusion were searched among
patients with no history of the health event of interest.
Within one year of inclusion, the most frequent health
events were hospitalization for infection, osteoporosis,
and malignancies (Fig. 2). The proportion of patients with
infections or diabetes increased in both vasculitis types
between the two inclusion periods; conversely it declined
for osteoporosis. Regardless of the inclusion period, renal
failure was more frequent in MPA than GPA patients.
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GPA MPA GPA, MPA, and undetermined
Inclusion period 2010-2012 2014-2017 P-value 2010-2012 2014-2017 P-value 2010-2012 2014-2017 P-value
Induction phases in patients with at least one induction phase
Number of patients N=610 N=620 N=251 N=444 N=903 N=1,144
Glucocorticoids 591 (96.9%) 582(93.9%) 0.012 239(952%) 425(95.7%) 0.758 869 (96.2%) 1,084 (94.8%) 0.112
Cyclophosphamide 316 (51.8%) 289 (46.6%) 0.069 106 (42.2%) 207 (46.6%) 0.264 443 (49.1%) 523 (45.7%) 0.133
Rituximab 59 (9.7%) 171 (276%) <0.001 15 (6.0%) 89(20.1%)  <0.001 76 (8.4%) 281 (24.6%) <0.001
Azathioprine 178 (29.2%) 82 (13.2%) <0.001 72 (28.7%) 66 (14.9%) <0.001 267 (29.6%) 160 (14.0%) <0.001
Methotrexate 1(8.4%) 65(10.5%)  0.203 7 (2.8%) (2 3%) 0.660 60 (6.6%) 79 (6.9%) 0816
Mycophenolate mofetil 25 (4.1%) 25 (4.0%) 0953 21 (84%) 2 (5.0%) 0.073 50 (5.5%) 49 (4.3%) 0.189
Plasma exchange 108 (17.7%) 143(23.1%) 0.020 61 (24.3%) (22 3%) 0.546 179 (19.8%) 261 (22.8%) 0.102
Maintenance phases in patients with at least one maintenance phase
Number of patients N=667 N=635 N=262 N=433 N=973 N=1,145
Glucocorticoids 655 (98.2%) 625 (984%) 0.754 260(99.2%) 423 (97.7%) 0.129 958 (98.5%) 1,123 (98.1%)  0.506
Rituximab 84(12.6%)  289(455%) <0.001 26 (9.9%) 177 (409%) <0.001 116 (11.9%) 498 (43.5%) <0.001
Azathioprine 256 (384%) 133(209%) <0.001 105(40.1%) 124(28.6%) 0.002 380 (39.1%) 278 (24.3%) <0.001
Methotrexate 83(124%)  75(11.8%)  0.727 12 (4.6%) 13 (3.0%) 0279 97 (10.0%) 92 (8.0%) 0.120
Mycophenolate mofetil 54 (8.1%) 31 (4.9%) 0.019 30(11.5%)  42(9.7%) 0463 89 (9.2%) 78 (6.8%) 0.047

P-value in bold type means that the difference in the proportion of patients treated with one drug between the two inclusion periods is statistically significant
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Fig.2 Health events within one year of the inclusion among patients without the health event at inclusion, in GPA and MPA incident patients. *Infections:
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Durel et al. BMC Rheumatology (2024) 8:16

Discussion

Over 2010-2012 and 2014-2017, 1,024 and 1,214 inci-
dent GPA/MPA patients were included, respectively.
Regardless of the inclusion period, the median number
of the induction phases was one (except for the median
number of induction phases in the first inclusion period
of GPA patients which was two) and the median number
of maintenance phases was two. As expected, the pro-
portion of patients treated with RTX in the induction
phase increased between those included before and after
2013 — RTX obtained the indication for the induction
phase in France in 2013. However, an increase between
the two inclusion periods was noted in the proportion of
patients treated with RTX to maintain remission, while
RTX did not have this indication yet, possibly follow-
ing the positive outcome of the French MAINRITSAN
(Maintenance of Remission using Rituximab in Systemic
ANCA-associated Vasculitis) clinical trial [15]. Some of
the practitioners of the centres of reference also partici-
pated in the clinical trial, hence it was straightforward
for the practitioners to apply the findings of the trial. In
parallel, the proportion of patients treated with AZA in
the maintenance phase declined over time. Overall, the
proportion of patients treated with MTX during the
maintenance phase was stable between the two inclu-
sion periods, probably because it was administered to
less severe patients. The observed durations of the main-
tenance phases were shorter than expected, possibly
because some maintenance phases may have been inter-
rupted by the need for a new induction phase. Mean-
while, the observed duration of the GC maintenance
therapy in the second inclusion period was consistent
with what was expected, maybe because patients less
often needed renewed induction phases. In general, GCs
were as often used before and after 2013. One year after
inclusion, the proportion of patients with first time hos-
pitalized infections, diabetes or renal failure increased
between 2010 and 2012 and 2014-2017.

The main challenge of this study has been the distinc-
tion between the induction and the maintenance phases,
as there was no obvious cut-off between the two. Even-
tually, the most suitable definition of the two phases
was based on the GC dose and on the other treatments.
Nevertheless, the definition criteria did not fit all patient
treatment protocols because more maintenance phases
than induction phases were identified. Moreover, the
median durations of the induction phase (close to 3
months) and the maintenance phase (about 3—5 months)
were shorter than previously reported and recommended
(3—6 months for the induction phase [16], 12—-48 months
or even longer for the maintenance phase [2]). In addi-
tion, anticipating earlier GC withdrawal, the mainte-
nance phases’ durations were expected to be shorter
after the launch of RTX. This was not observed in this
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study (only the median induction phase GCs duration in
MPA patients declined). Regardless of the challenges of
the phases’ definitions, RTX use increased over time and
became part of clinical practice. The introduction of RTX
only had a minimal impact on GC and CYC use (and
PLEX in MPA patients).

Except for the duration of the maintenance treatment,
we observed that the patient therapeutic management
followed the current guidelines [2, 10] in two ways. First,
due to the low prevalence of AAVs, it is recommended to
manage patients in close collaboration with, or at, cen-
tres of expertise. Indeed, half of the patients were hos-
pitalized at a centre of expertise at least once during the
study. Yet the actual involvement of centres of expertise
is likely underestimated in our study because patients are
often referred to a centre of expertise for diagnosis con-
firmation, therapeutic management, complex cases, or
complications but not always hospitalized. Second, the
treatment of AAV should be based on GC and immuno-
suppressants and tailored to patients’ needs. Both GPA
and MPA patients were treated with GCs and more than
half of them had a treatment induction phase with GCs
and either CYC or RTX.

Several health events were examined in our study dur-
ing the year after inclusion. First, infections because they
are common in patients with AAV [17]; pulmonary and
urinary tract infections being among the most com-
mon ones [18-20]. During the one-year follow-up, 32%
and 41% of patients included during the first and second
inclusion periods, respectively, suffered from an infec-
tion, in accordance with other studies [21-23]. It was not
possible to determine if the treatment changes between
the two periods triggered higher infection rates. We have
no specific biological data to assess the occurrence of
hypogammglobulinemia linked to rituximab use. After
2014, the increase in the duration of induction treatment
with prolonged use of steroids is a possible explanation
for this increase. Then, osteoporosis was the second lead-
ing health event observed in our study. However, osteo-
porosis is more of a long-term adverse event [24] and its
diagnosis is more likely to be due to screening for osteo-
porosis shortly after the AAV diagnosis than the devel-
opment of osteoporosis within such short time frame.
The decline in the proportion of patients newly diag-
nosed with osteoporosis in the second inclusion period
could be due to the therapeutic prevention of treatment-
related osteoporosis as stated in national guidelines
[11]. Nevertheless, the proportion of patients diagnosed
with osteoporosis was higher than in a previous Dutch
study [25]. The decline in the frequency of osteopo-
rosis in patients included in 2014-2017 could be due
to a decrease in the cumulative dose of GC but the GC
doses could not be quantified in a precise enough man-
ner to enable us to test such hypothesis. On the contrary,
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renal failure has biological diagnoses and would not go
unnoticed. Combining the proportion of patients with
renal failure or transplantation, 8% of the study patients
included in 2014-2017 suffered from severe nephropa-
thy —an increase from those included in 2010-2012.
This proportion seems underestimated compared to a
retrospective observational study in Colombia in which
21% of patients had renal involvement of variable level,
of which 54% progressed to advanced kidney disease
[26]. The proportion of patients suffering from diabetes
was close to that of a trial (7% at one year) [27]. The fact
that the proportion of patients with diabetes increased
in both vasculitis types between the two inclusion peri-
ods could be due to improved diagnosis. The proportion
of patients treated with CYC remained stable before and
after RTX authorization, as the proportion of patients
diagnosed with cancer (7.4% and 7.7%, respectively). The
use of CYC has been associated with an increased risk of
urologic and hematologic malignancies [5] and a Dutch
study concluded that the risk of cancer was lower among
RTX-treated patients than among CYC-treated patients
[28]. In the claims database we used, it is not possible to
determine which factor(s) (a change in the therapeutic
management or anything else) had a positive impact on
the proportion new cancer cases.

Strengths

The main strength of this study is to provide real-life
data on the therapeutic management of AAV patients.
Indeed, observational studies are fundamental to assess
patients’ therapeutic management and health events
because patients enrolled in clinical trials and included
in observational studies have different characteristics
[29]. Furthermore, it captures all treatments, as opposed
to controlled trials [30]. This seven-year study allows to
depict the therapeutic management of patients around
the time of the groundbreaking authorization of RTX for
AAV patients. The large study population allows to exam-
ine outcomes by vasculitides type and offers excellent
representativity of the French population. The identifica-
tion of patients is accurate because it is based on the hos-
pital discharge database —all AAV patients are treated
at the hospital. Finally, the retrospective data collection
and the fact that data were collected for other purposes
(healthcare reimbursement) guarantees the absence of
patient selection bias.

Limitations

Nevertheless, some limitations must be considered when
interpreting the results. Classifying ANCA patients is
challenging [31] and the absence of diagnoses and lab
tests results prevented us from identifying the quality
for the diagnosis process and vasculitis type. Namely in
6% of incident patients, we were unable to discriminate

Page 8 of 10

between GPA and MPA. Another main limitation was
that the definition of induction vs. maintenance phase
chiefly relies on the GC dosage, which is not readily
accessible through the claims database. In addition, the
claims database provides information of drug dispens-
ing, not drug prescription nor drug taking. It is possible
that some patients were not observant (as reported in
long-term treatments [32]) but using claims data, it is
impossible to know whether a patient is observant. As,
by definition, treatment dosage and phase duration are
linked in our study, it is also probable that, due to our
definition of the maintenance phase dosage, treatment
phases with low dosages were classified as multiple dis-
tinct treatment phases instead of a single one. Thus, this
approximation of consumed doses to identify the induc-
tion and maintenance phases may have led to a classifi-
cation bias. This bias is probably bi-directional, i.e., it is
also possible that some treatment phases may have been
wrongly classified as maintenance phases when they were
not. Our definition of the maintenance phase of a GC
dose of <15 mg/day in combination with MMF, AZA, or
MTX could potentially include patients with an induction
therapy for a minor (non-major) manifestation. Taken
together, these hypotheses could explain the unexpect-
edly short maintenance phase durations. Furthermore,
the database does not contain information for the qual-
ity in therapeutical choice and roughly 50% of patients
were not followed at a centre of expertise. Prescription
and some treatments given in the management of GPA-
MPA are not specific to those diseases. Particularly, GCs
have multiple indications and could have been prescribed
for a disease other than GPA/MPA. However, the tight
selection of the study population based on reliable medi-
cal criteria ascertains that the patients included actually
suffered from GPA/MPA, limiting the bias of these drugs
being administered for a reason other than AAV. Reasons
for discontinuation of treatment (off-drug periods) were
not investigated. Our hypothesis is they could be due to
treatment toxicity or disease-related events (osteoporo-
sis, renal failure, malignancy, infections, etc.). Finally, the
therapeutic management we observed is representative
of 2010-2018. Since then, other treatments have been
released, such as avacopan which could dramatically
change how GPA/MPA patients are treated [33].

Conclusion

This nationwide real-life study on GPA/MPA patients
offers valuable insight on their therapeutic manage-
ment and health events. The use of RTX in the induction
phase met the guidelines and its use to maintain remis-
sion anticipated expert consensus guidelines. Even after
the licensing of RTX, GCs remained a cornerstone of the
therapeutic management of GPA/MPA patients despite
known adverse events. Furthermore, RTX did not lead to
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a reduction in the use of CYC for the induction phase.
As new therapies are authorized and patients’ survival
increases over time, it is all the more important to pre-
vent disease- and treatment-related comorbidities.
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