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Abstract

Objectives: Rituximab is used for remission induction and the prevention of relapse in anti-neutrophil cytoplasmic antibody-associated vasculitis
(AAV). This study evaluated the incidence of safety events and compared time to first serious adverse event (SAE) between a rituximab cohort
and a cohort treated with non-rituximab therapies in a real-life setting.

Methods: Rituximab surveillance study in vasculitis was a retrospective observational study of patients with AAV who received rituximab
(MabThera) or other treatments between 2003 and 2017 at a specialist vasculitis clinic. The primary endpoint was time to first SAE.

Results: 392 patients were enrolled: 247 in the rituximab and 145 in the control cohorts with a total follow up of 2217 person-years (mean study
duration 5.7 years). Mean age was 61 years, 77% had granulomatosis with polyangiitis (GPA). There were differences in baseline characteristics
(disease duration and prior immunosuppressive use) between groups. 134/247 patients (54 %) in the rituximab and 58/145 (40%) of controls ex-
perienced at least one SAE. Time to first SAE was shorter in the rituximab group (hazard ratio (HR) 1.55, 95% CI 1.07-2.26, P=0.022).
Predictors of first SAE were higher vasculitis damage index and the presence of chronic pulmonary or kidney disease. The risk of serious infec-
tion was higher in the rituximab group (relative risk (RR) 2.12, 95% CI 1.31-3.43).

Conclusion: Over 40% of patients with AAV experienced at least one SAE. Although shorter time to first SAE and higher risk of infection were
observed in the rituximab group, baseline imbalances necessitate a careful interpretation of these results.

Lay Summary

What does this mean for patients?

Rituximab is used to treat active disease and to prevent relapses in anti-neutrophil cytoplasmic antibody-associated vasculitis (AAV). Serious
complications, including infections, low natural antibody levels, cancers, low white blood cell levels, heart disease and blood clots are common
in AAV patients in general. Whether these complications are more or less common with rituximab is unclear. This study assessed the frequency
of serious complications and compared time to first serious complications between patients, either treated with or without rituximab. Over
40% of the patients in this study experienced at least one serious complication. Overall, first serious complication occurred earlier and higher
risk of serious infection was seen in rituximab patients. However, these findings should be interpreted with caution as the rituximab patients
had been diagnosed with vasculitis for longer and had received a greater amount of immunosuppression in the past, compared with the patients
who had not been treated with rituximab.
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Key messages

* Long term observation in a real-world setting is necessary to determine the adverse effects associated with the treatment of ANCA
associated vasculitis.

* Over 40% of patients with AAV experience at least one serious adverse event (SAE) during their disease course.

* The risk of SAE, particularly serious infection, was higher in the rituximab group. This study provides real-world-data on the long-term
safety of rituximab in patients with AAV.
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Introduction

ANCA-associated vasculitis (AAV) is a rare disease that elic-
its systemic inflammation through specific autoantibodies
[1]. The major subtypes are granulomatosis with polyangiitis
(GPA) and microscopic polyangiitis (MPA). Historically,
treatment regimens involving cyclophosphamide and gluco-
corticoids have controlled the disease and prevented death
[2]. Evidence supports a central role for B-lymphocytes in the
pathogenesis of GPA/MPA providing a rationale for the use
of a B cell depleting agent, such as rituximab [3-6].
Rituximab had similar rates of adverse events to cyclophos-
phamide in the RAVE and RITUXVAS studies [7, 8].
Moreover, the efficacy of fixed interval repeat dose of rituxi-
mab has been confirmed for remission maintenance in the
MAINRITSAN and RITAZAREM trials [9, 10]. Hence, rit-
uximab has become a first-line treatment for both induction
and maintenance of remission [11].

Serious adverse events (SAEs) following rituximab use in
AAV, include infection [12-14], hypogammaglobulinemia
[15], malignancy [16, 17], bone marrow suppression [18]
and cardiovascular disease [19-21]. Infection is a primary
concern, given its association with mortality especially in the
first year of therapy [13, 22]. A prospective study of
rituximab-treated AAV patients reported SAEs occurring in
39.2% and infections occurring in 14.4% over a follow-up
period of 3.94 years [23].

Given improved AAV survival rates over recent decades
[24], risk of relapse has to be balanced against therapy associ-
ated complications and the long-term safety of rituximab
remains unclear. This study aimed to identify the incidence of
safety events (SAEs and non-serious adverse events of special
interest [AESIs]), the risk profile of rituximab (MabThera)
and to compare time to adverse events, with up to 15 years
follow-up, in patients with GPA/MPA who have been treated
with rituximab versus other therapies.

Methods
Study design and participants

The Rltuximab surveillance study in VASculitis was a retro-
spective observational study of patients with GPA/MPA
(age>18years) who received a first-dose of rituximab
(MabThera) or non-rituximab treatments between 2003 and
2017 in a specialist vasculitis clinic. Data was extracted from
the UK and Ireland Vasculitis Rare Disease Group (UKIVAS)
registry (REC reference: 10/H1102/77). The protocol was
designed as a prospective study but was modified to a retro-
spective study in 2018 to maximize data on use of MabThera
rituximab brand. Following the protocol amendment, partici-
pants initially recruited for the prospective study were re-
consented form for inclusion in the UKIVAS registry. The
study was approved by the Nottingham 1 Research Ethics
Committee (REC reference: 16/EM/0355) and was conducted
in accordance with the Declaration of Helsinki. All patients
gave written informed consent.

Data collection

The study collected data on age, gender, diagnosis, ANCA se-
rotype, date of MabThera administration, previous immuno-
suppression exposure, co-morbidities, disease status (severe
flare was defined as one or more Birmingham Vasculitis
Activity Score for Wegener’s Granulomatosis (BVAS/WG)
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new/worse major items), Vasculitis Damage Index (VDI),
safety events/SAEs, and laboratory data including eGFR, IgG,
CD19 count, neutrophil count. Hypogammaglobulinemia and
neutropenia was defined by IgG <S5 g/l and absolute neutrophil
count <1500 ul. IgG level was subclassified as severe <3 g/l
and moderate <5 g/l. Data was collected at baseline and every
12-18 months until patient death, loss to follow-up, with-
drawal of consent, or end of the study on 30 September 2018.

Definition

Safety events included SAEs and AESIs (Supplementary Table
S1, available at Rheumatology Advances in Practice online).
SAEs were defined as adverse events that were life-
threatening, fatal, required hospitalization, or resulted in sig-
nificant disability. Infections were defined by the Common
Terminology Criteria for Adverse Events version 3.0 and
infections graded > 3 were considered serious infections.
Additional safety events include hypogammaglobulinemia
(<3 g/l) requiring treatment or change of treatment, hypo-
gammaglobulinemia requiring Ig replacement, serious disease
flares (major flare), infusion-related reaction, vaccination
failure, and any other SAEs of unclear categorization.

Outcomes

The primary endpoint was time to first SAE. Secondary end-
points were time to first pre-categorized SAE, the incidence
of safety events/SAEs, and longitudinal changes in laboratory

tests. Exploratory analyses assessed time to second or multi-
ple SAE.

Statistical analysis

Continuous variables are presented as mean (s.p.), or as me-
dian and range. Categorical variables are presented as the
number and percentage. Incidence rates for events were
expressed as events/1000 person-years. Time 0 was defined
as initiation of MabThera treatment for the rituximab cohort
or the time of first disease flare/diagnosis for the control co-
hort. Patients who switched from Mabthera to a rituximab
biosimilar during follow-up were censored at the time of
switch. Time to SAE was described using Kaplan-Meier
analysis. For recurrent SAEs, timing restarted after each
event. For multiple different events timing began from base-
line. To investigate the predictors of time to SAE, Cox pro-
portional hazard analyses were performed, adjusting for age,
disease duration, ANCA subtype, VDI and comorbidities.
For the primary endpoint analysis, a sensitivity analysis was
performed using the study end date instead of the time of
switching to Truxima. Multiple events were analysed using
frailty and Poisson regression models which used a general-
ized estimation equation with a log-link function. Unadjusted
relative risk (RR) for SAEs by event category was described.
Statistical analyses were conducted with R, version 4.1.1.

Results

Of 418 patients recruited, 392 were allocated: there were 247
patients in the rituximab group and 145 in the control group
(Supplementary Fig. S1, available at Rheumatology Advances
in Practice online).

Baseline characteristics

The total follow-up was 1370 patient years for the rituximab
and 848 for the control group with a total of 2218 patient
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years (mean study duration 5.7 years). Mean age at study en-
try was 61years [s.0. 16.3] and patients in the rituximab
group were younger (58.3 years [s.p. 17.1] vs 65.6 years [s.D.
13.6]). Median disease duration at baseline was 25 months
(range: 0-394) in the rituximab and 1.6 months (0-273) in
the control group. The diagnosis was GPA in 203 patients
(82%) in the rituximab and 99 (68%) in the control group.
Hypertension was the most frequently reported comorbidity
(41% in rituximab vs 39% in control). Although the percent-
age of prior exposure to cyclophosphamide and steroid was
similar between groups, immune suppressive exposure was
higher in the rituximab compared with the control group
(azathioprine 58% wvs 23%, methotrexate 25% vs 12% and
mycophenolate 40% vs 19%, respectively). The median VDI
at baseline was 1 (0-8) in the rituximab group and 0 (0-7) in
the control group. Baseline BVAS was similar between
groups, with remission rates of 71% and 74% and severe dis-
ease/flare rates of 3% and 2%, respectively. At baseline, me-
dian eGFR, was higher in the rituximab group (75 ml/min/
1.73m? [6-189] vs 61 ml/min/1.73 m? [5-189]) and the me-
dian IgG and CD19 counts were lower in the rituximab
group (IgG 8.6 ¢/l [2.9-23.2] vs 10.81 g/l [4.33-33.6], CD19
count 0.1x10°/1 [0-0.77] ws 0.12x10°/1 [0.02-0.82]).
Chronic kidney disease (CKD) stage IV and V were less com-
mon in the rituximab group (31% vs 44%) (Table 1).

Rituximab infusions

The mean rituximab treatment duration was 5.5 years over
1370 patient years and patients received a mean of 7 (range 1
to 23) infusions during the follow-up period. The dose was
typically 1g.

Safety: safety events and SAEs

There were 533 safety events in 164 patients (66 %) in the rit-
uximab and 170 in 78 patients (54%) in the control groups.
386 SAEs occurred in 134 (54%) in the rituximab and 114 in
58 (40%) in the control groups. The incident rate of SAEs for
the rituximab group was 270 per 1000 patient years (95% CI
244.7-298.7) compared with 129 per 1000 patient years
(95% CI 107.2-154.8) for the control group (Table 2,
Supplementary Tables S2 and S3, available at Rheumatology
Advances in Practice online). There were 149 serious infec-
tions in 83 patients (21%); 121 occurred in 65 (26%) in the
rituximab compared with 28 in 18 (12%) in the control
groups, incidence rates: 84.8 per 1000 patient years (95% CI
70.9-101.3) and 31.6 per 1000 patient years (95% CI 21.8-
45.8), respectively. Lower respiratory tract infections were
the most common serious infection (93/149 events [62%]);
79 in 40 patients (16%) in the rituximab and 14 in 12 (8%)
in the control groups (Table 3). There were seven opportunis-
tic infections (five in the rituximab and one in the control
group) (Supplementary Table S4, available at Rheumatology
Advances in Practice online). 200/245 (81%) in the rituxi-
mab and 105/145 (72%) in the control group received antibi-
otic prophylaxis with trimethoprim/sulfamethoxazole
(TMP/SMX).

There were 42 cardiovascular events in 36 patients (15%)
in the rituximab and 22 in 18 (12%) in the control groups. In
this category, venous thrombotic events were common: 15
events in 14 (6%) in the rituximab and 11 in 10 (7%) in the
control groups (Table 2, Supplementary Table S2, available
at Rheumatology Advances in Practice online).

49 malignancies occurred during the study: 28 in the rituxi-
mab (non-melanoma skin cancer (NMSC) (17), other (11))
and 21 in the control group (NMSC (14), other (7)) (Table 2,
Supplementary Tables S2 and S35, available at Rheumatology
Advances in Practice online). There were no differences in in-
cidence rates of malignancy, cardiovascular events, and renal
insufficiency between groups. One male in the rituximab
group had progressive multifocal leukoencephalop-
athy (PML).

In the category of additional safety events, 21 (9%) in the
rituximab group developed hypogammaglobulinemia (IgG
<3 g/l) requiring withdrawal or reduction of immunosuppres-
sive agents and 19 (8%) received Ig replacement for hypo-
gammaglobulinemia compared with 3 (2%) and 1 (0.7%)
patient in the control group. Eighteen (7.3%) in the rituxi-
mab and 2 (1.4%) in the control group developed neutrope-
nia. Of these, 6/18 in the rituximab group required
antibiotics and/or hospitalization for infectious symptoms,
and one in the rituximab group received granulocyte colony-
stimulating growth factor (GCSF). No serious neutropenia
occurred in the control group (Supplementary Table S2 and
S3, available at Rheumatology Advances in Practice online).
The main cause of ‘Additional safety events’ in the rituximab
group was ‘Any other SAE(s) of unclear categorization’,
which included planned hospital admissions for bronchos-
copy with treatment or admissions for vasculitis-related com-
plications such as acute kidney injury or epistaxis (Table 2,
Supplementary Table S3, available at Rbeumatology
Advances in Practice online). Notably, more patients in the
rituximab group experienced subglottic or tracheal stenosis
requiring multiple admissions for dilatation and/or intrave-
nous medication than in the control group.

Six patients died during the study period but were excluded
from the analysis due to lack of re-consent following changes
in the study design.

Time to first SAE

Time to first SAE was shorter in the rituximab than in the
control groups (HR 1.55, 95% CI 1.07-2.26, P=0.022)
(Fig. 1A). Covariates at baseline associating with a shorter
time to first SAE were higher VDI (HR 1.14, 95% CI 1.02-
1.27, P=0.022), pulmonary (HR 1.58, 95% CI 1.07-2.34,
P=0.023) and chronic kidney disease stage V (HR 3.37,
95% CI 1.66-6.84, P<0.001) (Supplementary Table S6,
available at Rbheumatology Advances in Practice online). The
sensitivity analysis with study end date had no effect on
the outcomes.

Time to first pre-categorized SAE

Time to first serious infection was shorter in the rituximab
than in the control group (HR 2.34, 95% CI 1.079-5.07,
P=0.031). No between-group differences were observed for
other categories of SAE (HR 0.62, 95% CI 0.205-1.86,
P=0.390 for cardiovascular disorders; HR 12.8, 95% CI
1.275-128.76, P=0.03 for haematological events; HR 1.03,
95% CI 0.220-4.86, P=0.966 for malignant events; HR
1.51, 95% CI 0.421-5.38, P=0.529 for renal insufficiency;
HR 1.39, 95% CI 0.76-2.53, P=0.282 for additional safety
events) (Fig. 1B, Supplementary Figs S2 and S6, available at
Rheumatology Advances in Practice online). The results for
haematological events may be compromised by the wide con-
fidence intervals, with the potential for overfitting caused by
a limited number of events.
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Table 1. Patient demography at entry into the study
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All (n=392) Rituximab (7 =247) Control (7 =145)

Total follow-up® (per person-years) 2217.5 1369.7 847.8
Follow-up time: mean (s.D.), years 5.7 (3.9) 5.5(3.5) 5.8 (4.3)
Age, mean (s.D.), years 61.0 (16.3) 58.3(17.1) 65.6 (13.6)
Disease duration: median (range) (months) 15.8 (0-393.7) 25.0 (0-393.7) 1.6 (0-272.6)
Female 205/392 (52%) 124/247 (50%) 81/145 (56%)
BMI (kg/m?) 27.7 (14.2-56.9) 28 (14.2-56.9) 26.9 (17.9-51.7)
Ethnicity

White British 365/392 (93%) 230/247 (93%) 135/145 (93%)

Other White 16/392 (4%) 10/247 (4%) 6/145 (4%)

Asian 8/392 (2%) 6/247 (2%) 2/145 (1%)

Other 3/392 (1%) 1/247 (0%) 2/145 (2%)
Diagnosis

MPA 90/392 (23%) 44/247 (18%) 46/145 (32%)

GPA 302/392 (77%) 203/247 (82%) 99/145 (68%)
ANCA type at diagnosis

Anti-proteinase3
Anti-myeloperoxidase
Negative and/or unknown

Comorbidities
Pulmonary disease (chronic)®
Cardiac disease
Malignancy
Diabetes Mellitus
Hypertension requiring treatment
Kidney disease

Kidney disease stage
I
I
v
\Y%

Prior immune suppressive treatment
Azathioprine
Cyclophosphamide
Steroid
Methotrexate
Mycophenolate

VDI Score

BVAS Disease status
Severe Disease/Flare
Limited Disease/Flare
Persistent Disease
Remission

Laboratory data at entry
eGFR® (ml/min/1.73m?)
IgG* (g/1)

CD19 count (x10°/1)¢

157/392 (40%)
73/392 (19%)
162/392 (41%)

69/391 (18%)
38/391 (10%)
37/39 (9%)
24/391 (6%)
159/391 (41%)
61/391 (16%)

6/61 (10%)
33/61 (54%)
10/61 (16%)
12/61 (20%)

177/392 (45%)
273/392 (70%)
386/392 (98%)
0/392 (20%)
127/392 (32%)
1(0,8)

4/169 (2%)
12/169 (7%)
31/169 (18%)

122/169 (72%)

69 (5-189)
9.36 (2.9-33.6)
0.1 (0-0.82)

104/247 (42%)
28/247 (11%)
115/247 (47%)

40/246 (16%)
24/246 (10%)
26/246 (11%)
18/246 (7%)
102/246 (41%)
38/246 (15%)

4/38 (11%)
22/38 (58%)
5/38 (13%)
7/38 (18%)

144/247 (58%)
180/247 (73%)
246/247 (100%)
62/247 (25%)
99/247 (40%)
1(0,8)

3/119
9/119
22/119
85/119

3%)
8%)

18%)
71%)

75 (6-189)
8.6 (2.9-23.2)
0.1 (0-0.77)

53/145 (37%)
45145 (31%)
47/145 (32%)

29/145 (20%)
14/145 (10%)
11/145 (8%)
6/145 (4%)
S7/145 (39%)
23/145 (16%)

2123 (9%)

11/23 (48%)
5123 (22%)
5123 (22%)

33/145 (23%)
93/145 (64%)
140/145 (97%)
18/145 (12%)
28/145 (19%)
0(0,7)

1/50 (2%)
3150 (6%)
9/50 (18%)

37/50 (74%)

61 (5-189)
10.81 (4.33-33.6)
0.12 (0.02-0.82)

Continuous variables are expressed as median (range) unless otherwise indicated, and categorical variables as number of sample size/total number

(percentages).

# Total follow-up was assessed until 30 September 2018.

b Pulmonary disease (chronic) includes asthma, chronic obstructive pulmonary disease (COPD), interstitial lung disease/pulmonary fibrosis, bronchiectasis

and emphysema.
¢ Data were missing for 12 patients.
4 Data were missing for 19 patients.

¢ Data from 125 patients in the rituximab group and 11 patients in the control group.
MPA: microscopic polyangiitis; GPA: granulomatosis with polyangiitis; VDI: Vasculitis Damage Index.

Time to second or multiple SAE

Time to second SAE was shorter in the rituximab group
(HR 2.58, 95% CI 1.43-4.65, P=0.002) (Supplementary
Fig. S7, available at Rheumatology Advances in Practice on-
line). Chronic kidney disease stage V (HR 8.07, 95% CI
3.57-18.28, P <0.001) was a predictor of second SAE. For
multiple SAEs, in the frailty model, the rituximab group had
a shorter time between SAEs (HR 1.86, 95% CI 1.31-2.64,
P <0.001) and a shorter time from baseline to multiple

SAEs (HR 2.45, 95% CI 1.35-4.44, P <0.003). Poisson re-
gression model showed a similar trend (Supplementary
Tables S7-S10, available at Rheumatology Advances in
Practice online).

Unadjusted relative risk (RR) for SAEs by event category
demonstrated an increased risk for infection (RR 2.12, 95%
CI 1.31-3.43) and additional safety events (RR 1.86, 95% CI
1.30-2.635) for the rituximab group, while there were no dif-
ferences in risk for other categories (Fig. 2).
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Table 2. Total number and incidence rate of safety events (serious adverse events [SAEs] and non-serious adverse events of special interest [AESIs]) and

SAEs by event category for rituximab and control groups

Rituximab (N =247)

Control (N=145)

Rituximab (N =247)

Control (N =145)

Event type Events n Patients Events n Patients IR per 1000 person-years IR per 1000 person-years
n (%) n (%) (95% CI)* (95% CI)*

All safety events 533 164 (66%) 170 78 (54%) 373.3 (342.9,406.4) 192.1 (165.3,223.2)
Infection 124 7 (27%) 29 9 (13%) 86.9 (72.8,103.6) 32.8(22.8,47.2)
Cardiovascular disorder 42 6 (15%) 22 18 (12%) 29.4(21.7, 39.8) 24.9 (16.4, 37.8)
Haematological events 35 1(13%) 9 9 (6%) 24.5 (17.6, 34.1) 10.2 (5.3, 19.5)
Malignant events 28 1(9%) 21 6(11%) 19.6 (13.5,28.4) 23.7(15.5, 36.4)
Renal Insufficiency 21 5(6%) 20 5(10%) 14.7 (9.6, 22.6) 22.6 (14.6, 35)
PML 1 1(0.4%) 0 0(0%) 0.7 (0.1, 5) 0 (0, NaN)
Additional safety events 282 122 (49%) 69 48 (33%) 197.5 (175.8,222) 78.0 (61.6, 98.7)

All SAEs 386 134 (54%) 114 58 (40%) 270.4 (244.7,298.7) 128.8 (107.2,154.8)
Serious infection 121 5(26%) 28 18 (12%) 84.8 (70.9,101.3) 31.6 (21.8,45.8)
Cardiovascular disorder 28 3(9%) 17 15 (10%) 19.6 (13.5,28.4) 19.2 (11.9, 30.9)
Haematological events 9 8 (3%) 2 2 (1%) 6 3(3.3,12.1) 2.3 (0.6,9.0)
Malignant events 11 1 (4%) 8 8 (6%) 7 (4.3,13.9) 9.0 (4.5, 18.1)
Renal Insufficiency 19 4 (6%) 19 15 (10%) 13 3 (8.5,20.9) 21.5(13.7,33.7)
PML 1 1(0.4%) 0 O(O%) 0.7 (0.1, 5) 0 (0, NaN)
Additional safety events” 197 95 (38%) 40 0(21%) 138.0 (120, 158.7) 45.2 (33.2,61.6)

* Total follow-up period was 1369.7 per 1000 person-years for the rituximab and 847.8 per 1000 person-years for the control group.
b Additional safety events include hypogammaglobulinemia (<3 g/l) requiring treatment or change of treatment, hypogammaglobulinemia requiring Ig
replacement therapy, serious disease flares (major flare), serious infusion-related reaction, vaccination failure, and any other SAEs of unclear categorization.

IR: incidence rate; PML: progressive multifocal leukoencephalopathy.

Table 3. Adverse events associated with serious infections and the prevalence of antibiotic prophylaxis (trimethoprim/sulfamethoxazole (TMP/SMX)) for

rituximab and control groups

Rituximab (N =247) Control (N=145)

Event type Events n Patients 7 (%) Events n Patients 7 (%)
Serious infection 121 65 (26%) 28 18 (12%)
Lower respiratory tract infection 79 40 (16%) 14 2 (8%)
Hypogammaglobulinemia (<3 g/l) requiring treatment or change of treatment 22 1(9%) 3 3(2%)
Hypogammaglobulinemia requiring Ig replacement 19 9 (8%) 1 1(0.7%)
Use of TMP/SMX - 2()0/245 (81%) - 105/145 (72%)

Ig: immunoglobulin; TMP/SMX: trimethoprim/sulfamethoxazole.

IgG levels and neutrophil counts during follow-up

IgG levels decreased over the first 3 years, with greater recov-
ery of IgG in the control group and a larger difference be-
tween groups. More patients in the rituximab group
developed IgG <35 g/l, with a small number of patients falling
below 3 g/l. Although the number of events were limited, this
trend continued over the longer term (Fig. 3, Supplementary
Fig. S8, available at Rheumatology Advances in Practice on-
line). There were no differences in neutrophil counts between
groups (Supplementary Fig. S9, available at Rheumatology
Advances in Practice online).

Discussion

This retrospective study assessed the frequency and type of
safety events associated with rituximab (MabThera) in GPA/
MPA patients in a real world setting with long-term follow-
up compared with a control group treated with non-
rituximab immunosuppressive therapies. We demonstrated a
high incidence of safety events/SAEs in both treatment groups
with a shorter time to first SAE and serious infection in the
rituximab group. In addition, the rituximab group was more

prone to second and multiple SAEs. An increased risk of seri-
ous infections and additional safety events was observed in
the rituximab group. There were differences in baseline char-
acteristics between the groups, reflecting that from 2003 rit-
uximab was initially used for refractory disease. In particular,
disease duration and prior immunosuppressive use varied be-
tween groups, limiting the value of the comparisons between
groups and attribution of the difference in safety events to rit-
uximab treatment alone.

Serious infection is a major cause of adverse events and
mortality in GPA/MPA [13, 25]. In a meta-analysis of
rituximab-treated AAV patients, the incidence of severe infec-
tions was 6.5 per 100 person-years (95% CI 2.9-11.4), com-
pared with 3.9 per 100 person-years in rituximab-treated
rheumatoid arthritis [26, 27]. A complication of rituximab in
GPA/MPA is hypogammaglobulinemia, with increased infec-
tion risk <3-4 g/1 [15,28-30]. We observed a trend of greater
falls in IgG for the first 1-3 years in patients treated with rit-
uximab, consistent with previous reports [14, 27]. The rates
of hypogammaglobulinemia were not clearly different be-
tween the treatment groups, however, more in the rituximab
group developed IgG <S5g/l. Earlier reports have defined
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Figure 1. Time to first SAE and serious infection for the rituximab and control groups. (A) Time to first SAE. (B) Time to first serious infection. Shaded

areas represent 95% Cls

predictors of hypogammaglobulinemia (IgG <5 g/l) and/or
use of Ig replacement therapy at 60 months following rituxi-
mab, namely, prior use of cyclophosphamide, glucocorticoid
use at 12 months, a lower nadir IgG within 12 months of
starting rituximab and female sex [15]. Lower IgG at the time
of first rituximab was correlated with lower nadir IgG levels
post rituximab [31]. Importantly, the cumulative dose of rit-
uximab has not been associated with moderate/severe hypo-
gammaglobulinemia [15, 32]. In this study, 73% of patients
in the rituximab group had prior cyclophosphamide use and
a lower baseline IgG, which suggests an increased risk of seri-
ous infections related to hypogammaglobulinemia. As some
patients subsets are at high risk of prolonged hypogammaglo-
bulinemia even after therapy withdrawal, it is recommended
to monitor IgG levels before and after rituximab treatment

and consider early interventions, such as prophylactic antibi-
otics and Ig replacement therapy [15].

Late-onset neutropenia is a complication of rituximab that
occurred in 12% of patients a median time of 86 days after
rituximab and was frequently associated with infection [18].
We found neutropenia more prevalent in the rituximab group
also increasing infective risk. Neutropenia was typically tran-
sient lasting 1-2 weeks and tended not to recur. We did not
study vaccine responses and a poor vaccine response is a pre-
dictor of all-cause mortality in AAV [33].

Although the highest rate of cardiovascular events have
been observed in the first year of treatment due to active dis-
ease [14, 19, 20], these events remain of concern long term
[13]. Furthermore, venous thromboembolic events occurred
in 9.7% of AAV patients, ranging from 6.3% to 13.7%,
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Figure 3. IgG levels throughout the study in the rituximab and control groups. The boxes indicate the medians and interquartile ranges, the vertical lines

indicate the 1.5 interquartile range. Circles indicate the outliers

consistent with our study [34]. We did not observe any differ-
ences in thromboembolic or cardiovascular events be-
tween groups.

A previous study observed that the malignancy risk in
cyclophosphamide-treated AAV patients was 4.6-fold higher
(95% CI 1.16-39.98) than in rituximab-treated patients dur-
ing a follow-up of 5.6 years [16]. We observed no differences
in the rate of malignancies between groups. This difference
might result from reduced cyclophosphamide in recent regi-
mens and its prior use in the rituximab group. In accordance
with previous studies [17, 35], NMSC was the most frequent

malignancy, underscoring the need for patient education to
minimize exposure to ultraviolet radiation. Furthermore, pro-
longed use of azathioprine is associated with a higher risk of
NMSC in numerous inflammatory diseases. Mycophenolate
mofetil also contributes to an increased risk of NMSC, al-
though to a lesser extent [36].

PML, an opportunistic infection caused by JC virus, is a
rare safety risk of rituximab. One case of non-fatal PML was
occurred in the rituximab group, despite increased use of pre-
vious immune suppressants, known risk factors for

PML [37].



Although the proportion of patients experiencing SAEs in
this study is comparable to the RAVE and RITUXVAS rituxi-
mab induction trials, those studies found no differences in ad-
verse event rates between rituximab and cyclophosphamide
groups [7, 8]. Similarly, in the MAINRITSAN and
RITAZAREM rituximab maintenance trials, comparing rit-
uximab to azathioprine for maintenance therapy, no differen-
ces in SAEs were observed between groups [9, 10]. In our
study, the incidence rate of SAEs for the rituximab cohort
was 270.4 per 1000 patient years (95% CI 244.7-298.7),
similar to a prospective study with 278.4 per 1000 patient
years (95% CI 225-341) with 14.4% of patients over
3.94 years [23]. The higher proportion of patients developing
SAEs in the rituximab group may be attributed to the imbal-
ance in baseline characteristics.

Risk factors for rituximab-related SAE were not identified
from RCTs where no major between-group difference were
observed, whereas risk factors for serious infections have
been identified as pulmonary disease and low GFR, with
mortality linked to high VDI at diagnosis, consistent with our
findings for time to first SAE [14, 38, 39]. Given that infec-
tion and additional safety events were the common complica-
tions among SAEs with no apparent differences in other
categories, and that the risks of these two events were higher
in the rituximab group in our study, it is possible that hypo-
gammaglobulinemia leading to infection and admission for
bronchoscopy with treatment or for other reason were associ-
ated with a shorter time to first SAE. These findings highlight
the importance of prophylaxis with TMP/SMX, particularly
in view of the potential beneficial impact on respiratory tract
infections beyond the prevention of Pneumocystis jirovecii
pneumonia [40, 41], although the optimal duration of pro-
phylaxis remains uncertain.

For the second SAE, patients developed one SAE were
prone to experience subsequent events in the rituximab
group, likely due to serious infections and additional safety
events. In keeping with our study, renal dysfunction showed
an increased infection risk due to impaired immunity and low
drug clearance resulting in high toxicity of immunosuppres-
sive drugs [14].

There are limitations in this study. First, the baseline varia-
bles were not matched between treatment groups. A long dis-
ease duration prior to rituximab implied that rituximab was
often used for patients with relapsing or refractory disease
who would have both a long history of immunosuppressive
and steroid treatment with accrued vasculitis related damage.
These factors would have had an influence on safety risks,
and we cannot exclude unmeasured confounders and selec-
tion bias. Second, the absence of data on achieving remission
after baseline might lead to different outcomes; however, the
remission status at baseline was comparable in both groups.
Third, this study did not assess detailed therapies other than
rituximab during follow-up. Thus, we cannot exclude the
possibility that choices of maintenance therapy may have had
the effects on assessed outcomes. Finally, the relative risk for
SAEs by event category was not adjusted, which may have af-
fected the results.

This study has several strengths as it includes all eligible
patients with GPA/MPA referred to a tertiary vasculitis centre
which supports the reliability of the estimates of the risks for
safety events and reflects real world setting. Treatment has
changed over the period of observation and continues to
evolve since the observation period was completed.

Lisa Uchida et al.

Rituximab is now the first immunosuppressive agent to be
used to induce and maintain remission [11]. This means that
patients with GPA/MPA now treated with rituximab may
have less prior immunosuppressive exposure, potentially re-
ducing future safety events.

High adverse event rates with rituximab and other regi-
mens, impacting patient health, mortality, and healthcare
costs, underscore the need for safer therapies. Glucocorticoids
are an important contributor to risk and lower dose regimens
have proven equally effective in the PEXIVAS and LOVAS
studies [42, 43]. Alternative use of avacopan has also led to
lower glucocorticoid use and may thus improve safety.
Currently, no alternatives to rituximab or cyclophosphamide
exist for induction therapy, thus future patients are likely to
encounter the risks we have described. Alternative immuno-
modulators, including obinutuzumab are in clinical trials in
AAV, and, if effective, may offer a different risk profile.

In conclusion, this study reported that over 40% of
patients with GPA/MPA experience at least one SAE during
their disease course. Infection remains the most common
complication of therapy. Although the risk of first and multi-
ple SAE was higher in the rituximab group, with an increased
risk of infection by unadjusted analysis, baseline imbalances
due to the study design were a major cause of bias, making it
challenging to draw firm conclusions. Nevertheless, this
study provides a real-world data on the long-term safety of
rituximab in patients with GPA/MPA.
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