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Abstract
Background: Severe infections were not rare in antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) patients treated with rituximab. The current study aimed to evaluate severe infections in
AAV patients received rituximab administration in a single Chinese center.

Methods: Twenty-seven patients were retrospectively included in this study. Their demographic and
clinical data were analyzed. Severe infections were classi�ed as grade ≥3 as proposed by the Common
Terminology Criteria for Adverse Events V.4.0.

Results: Patients were followed up for 23.6±14.0 months from the time of rituximab initiation (mean
rituximab dose 1270.4 mg). Ten severe infection events were recorded in 10 (37.0%) patients,
corresponding to an event rate of 20.9 per 100 person-years. Pulmonary infections were the leading
infectious complications (90%). Eight of the 10 infections occurred during the �rst 12 months of follow-
up. In multivariable analysis, severe infection in the �rst year was independently associated with age (HR
1.121, 95% CI 1.011 to 1.243, P=0.031) and serum creatinine level (increased by per 88.4 μmol/L, HR
1.493, 95% CI 1.017 to 2.191, P=0.041).

Conclusions: In AAV patients receiving rituximab, severe infections were common even with the low-dose
regimen. Pulmonary infections were the leading cause, and most infections occurred during the �rst 12
months of follow-up. Older age and renal dysfunction were the risk factors for infection.

Background
Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) comprises granulomatosis with
polyangiitis (GPA, previously known as Wegener’s granulomatosis), microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangiits (EGPA, previously known as Churg-Strauss syndrome) [1].
Left untreated, AAV is usually fatal, with a 1-year mortality rate of about 80% [2]. Immunosuppressive
therapy, in particular corticosteroids and cyclophosphamide (CYC), was the cornerstone of remission-
induction therapy and dramatically improved the outcome of AAV [3]. Although CYC induction regimens
are effective, they are associated with high rates of adverse events, including leukopenia, severe
infections, cancer, and gonadal toxicity [4, 5]. About 59% of deaths within the �rst 12 months were due to
therapy-associated adverse events, mainly infections [6, 7]. The incidence of infection during induction
therapy was 36.0% (41/114) in CYCLOPS study [5] and was 39.0% for glucocorticoids in combination
with intravenous cyclophosphamide (IV-CYC) in a Chinese cohort [8].

Rituximab is an anti-CD20 monoclonal antibody resulting in B cell depletion. B-cells and ANCAs are
implicated in the pathogenesis of AAV [9, 10]. In the last decade, rituximab treatment has been proved not
inferior to CYC remission induction regimens and azathioprine (AZA) remission maintenance regimens,
while the associated severe adverse events were not more frequent than CYC or AZA [11–15]. Rituximab
is a promising therapy for the treatment of AAV and might be safer than cyclophosphamide regimens. In
the treatment of membranous nephropathy, IgA nephropathy, and lupus nephritis, rituximab shows a
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favorable safety pro�le and severe infections are uncommon [16–19]. But less optimistic data were
reported in AAV patients. In RITUXIVAS study, infections occurred in 12 of the 33 patients in the rituximab
group (36%) [11]. In MAINRITSAN study, severe infections developed in 19% patients in the rituximab
group [13]. Recently, Kronbichler A, et al found that severe/life-threatening infections occurred in 25.52%
AAV patients receiving rituximab therapy, with an event rate of 26.06 per 100 person-years [20]. These
observations revealed that infections were still common in AAV patients receiving this new treatment
regimen and should deserve careful attention. Baseline renal insu�ciency was unremarkable in
Kronbichler’s study cohort [20]. In our center, a majority of AAV patients have renal involvement. In the
current study, we aimed to evaluate severe infections in a group of AAV patients with high a proportion of
renal dysfunction treated with rituximab and investigate potential risk factors.

Methods

Patients
AAV patients treated with rituximab in Peking University First Hospital between Dec 2010 and Aug 2018
were retrospectively recruited in this study. All patients met the Chapel Hill Consensus Conference criteria
for AAV [1]. Exclusion criteria were de�ned as follows: (1) patients with secondary vasculitis such as
propylthiouracil-induced AAV, or with comorbid renal diseases, for instance, anti-glomerular basement
membrane disease, IgA nephropathy, lupus nephritis or diabetic nephropathy; (2) patients with negative
ANCA. Follow-up began at the time of rituximab administration and ended on the date of last follow-up or
the date of death. This research was conducted in accordance with the Declaration of Helsinki and was
approved by the clinical research ethics committee of the Peking University First Hospital. Informed
consent has been obtained from the patients (or their guardians).

Clinical data
All the clinical and laboratory data were respectively collected from medical records of the patients,
including age, gender, diagnosis, date of diagnosis, date of rituximab administration, indication for the
use of rituximab, cumulative doses of rituximab, ANCA serotype, disease phenotype, organ involvement,
prior immunosuppressive therapies, concomitant treatment, laboratory values (serum creatinine, C
reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell count (WBC), neutrophils,
lymphocytes, hemoglobin, blood platelet count, CD4 + T cells, CD19 + B cells, immunoglobulins),
Birmingham Vasculitis Activity Score (BVAS) [21], comorbidities (including chronic obstructive pulmonary
disease (COPD), bronchiectasis, diabetes, hypertension, chronic heart failure), trimethoprim-
sulfamethoxazole prophylaxis, response to treatment, presence of severe/life-threatening infections. The
estimated glomerular �ltration rate (eGFR) was calculated by Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [22]. Patients with incomplete or missing medical records were
excluded from further analysis.

Treatment
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Treatment protocols were based on recommendations for AAV as described previously [11, 12, 15, 23],
with modi�cations. In brief, rituximab could be used in induction therapy or maintenance therapy, or both.
For induction therapy, a maximum weekly dose of 375 mg/m2 was administered for 4 weeks, while for
maintenance therapy, individually tailored rituximab regimens were applied. There might be prior
immunosuppressive therapies in some patients, mainly glucocorticoids in combination with CYC for
induction therapy and AZA for maintenance therapy. Patients with acute renal failure or pulmonary
hemorrhage received 3 pulses of intravenous methylprednisolone (7–15 mg/kg/day) before the standard
induction therapy. Patients with severe pulmonary hemorrhage or acute renal failure requiring dialysis at
diagnosis received additional plasma exchanges.

Outcome and response to treatment
Presence of severe/life-threatening infections (grade ≥ 3) was de�ned and graded according to the
Common Terminology Criteria for Adverse Events (CTCAE) V.4.0 [24]. Response to treatment was
classi�ed as remission (complete remission or partial remission), treatment resistance and relapse, as
previously described [25]. Other clinical outcome variables included death and dialysis-dependence.

Statistical analysis
Data were expressed as mean ± SD (for data that were normally distributed), or median and interquartile
range (IQR; for data that were in skewed distribution) for continuous variables, and number (%) for
categorical variables as appropriate. Quantitative parameters were compared using the Student’s t-test
(for data that were normally distributed) or the non-parametric test (for data that were in skewed
distribution). Categorical variables were compared using the χ2 test. Both univariable and multivariable
Cox regression analysis were performed to test the association between candidate risk factors and
severe/life-threatening infections. Demographic parameters (age, gender) and the variables showing
signi�cant association with the outcome in the univariable analysis were entered into a multivariable
model. P < 0.05 was considered statistically signi�cant. Statistical analysis was performed using SPSS
18.0 (Chicago, IL, USA).

Results
General data of the patients

Thirty-one AAV patients were treated with rituximab in Peking University First Hospital between Dec 2010
and Aug 2018, and eventually 27 of them were retrospectively recruited in this study. The detail for
recruitment was showed in Figure 1. Among the 27 patients, 11 were male, 16 were female, with an age of
59.3±16.6 (range 26-82) years at rituximab administration. Eighteen, eight and one patients were
classi�ed as MPA, GPA and EGPA, respectively. Nineteen of the 27 (70.4%) patients were positive for
MPO-ANCA, and 7 of the 27 (25.9%) patients were positive for PR3-ANCA, the remaining one (3.7%) was
positive for both MPO-ANCA and PR3-ANCA. The initial serum creatinine and eGFR were 303.5±235.2
μmol/L and 32.5±31.5 mL/min/1.73m2, respectively. Seven patients (25.9%) were on dialysis. The
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average level of BVAS was 14.4±6.0 (range 3-29) at rituximab initiation. Twenty-six patients (96.3%) had
renal involvement and 18/27 (66.7%) had pulmonary involvement. General data of total cohort and
subgroups are shown in Table 1.

Treatment and outcomes

Median duration of AAV diagnosis to initiation of rituximab was 16 (range 0-143) months. Patients were
followed for 23.6±14.0 months from the time of rituximab initiation (mean rituximab dose 1270.4 mg).
Antibiotic prophylaxis with trimethoprim-sulfamethoxazole was administered in 7 out of 27 (25.9%).
Treatment of the patients was depicted in Table 1 as well.

Ten patients (37.0%) presented with 10 infectious complications classi�ed as CTCAE V.4.0 ≥3 (Figure 2
and Table 2). In detail, seven episodes were CTCAE V.4.0 grade 3 (6 pulmonary infections, 1 urinary
infection), and 3 as grade 5 (3 pulmonary infections). None of the patients suffered ≥2 episodes of
severe infections. The overall event rate was 20.9 per 100 person-years. Eight infections occurred during
the �rst 12 months of follow-up, while the other 2 were observed after 42 and 43 months, respectively.
Twenty-two (81.5%) patients achieved complete or partial remission of AAV. Ten patients (29.6%) were
dialysis-dependent. Four patients (14.8%) died during the follow-up: 3 died of pneumonia and 1 of
myocardial infarction.

Risk factors of severe infection

Since 80% of the infections occurred during the �rst year after rituximab administration, we aimed to
identify factors predicting this risk. Univariable Cox regression analysis was performed for all parameters
in Table 1. Age and serum creatinine were found to be associated with severe infection within the �rst
year of follow-up. Since in Kronbichler’s study [20], trimethoprim-sulfamethoxazole reduced the risk of
severe infections, it was included into multivariable Cox regression model as well. All candidate
parameters entered the multivariable analysis are shown in Table 3. In multivariable analysis, severe
infection in the �rst year was independently associated with age (HR 1.121, 95% CI 1.011 to 1.243,
P=0.031) and serum creatinine level (increased by per 88.4 μmol/L, HR 1.493, 95% CI 1.017 to 2.191,
P=0.041).

Discussion
Since immunosuppressive therapy improved the outcome of AAV by reducing early death due to active
disease, infections during follow-up have drawn increasing attention and remained a major issue in the
management of AAV. Rituximab is a relatively new and effective treatment regimen for AAV. But severe
infections were not rare in this subgroup of patients, and there seemed to be more infections than
patients with other renal diseases [16–19] or rheumatic and musculoskeletal diseases (RMDs) [26]
received rituximab administration. In RMDs patients, the event rate was 9.8 per 100 person-years [26],
while in Kronbichler’s study, severe infections occurred in 25.52% patients and the event rate was 26.06
per 100 person-years in AAV patients receiving rituximab therapy [20]. In general, patients with AAV may
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have an increased risk of developing severe infections following rituximab therapy. Kidney involvement is
quite common in AAV but renal dysfunction was unremarkable in Kronbichler’s study cohort [20]. The
majority of patients had renal insu�ciency in our cohort, so the current study could further extend the
previous results of this topic.

Although the dose of rituximab in our study was remarkably lower as compared with MAINRITSAN study
(followed for 28 months, �xed rituximab dose 3000 mg) [13] and Kronbichler’s study [20], severe
infections were still very common, occurring in nearly 40% of the patients. Rituximab is an anti-CD20
monoclonal antibody resulting in B cell depletion. Recently, Salviani reported at the 19th International
Vasculitis and ANCA Workshop that diagnosis of MPA and renal dysfunction signi�cantly correlated to
persistent B cell depletion after rituximab therapy [27]. There might be two reasons for the relatively high
proportion of severe infection in our study. First, in China, there is a striking preponderance of MPA,
constituting about 80% of patients with AAV [28]. Second, the majority of patients in the current study had
renal insu�ciency.

We found that pulmonary infections were the leading infectious complications (90%), which was
consistent with previous studies [20, 29], and most infections occurred during the �rst 12 months of
follow-up (80%), even within the �rst few months. Therefore, clinical manifestations and assessment of
respiratory infection deserves more attention, especially during initial follow-up. Since most of the
infections occurred during the �rst year after rituximab administration, we investigated the risk factors
within this period. It was found that severe infection was independently associated with age and serum
creatinine level. Older patients with renal insu�ciency may bene�t from a less intense rituximab
treatment regimen, since they might be particularly vulnerable to severe infections, while they are more
likely to have a very long-lasting B cell depletion.

To the best of our knowledge, this is �rst cohort study for infection complications after rituximab
treatment in Chinese AAV patients, and the �nding of association between renal function and severe
infections further extended previous studies. However, there were several limitations of this study. First,
since it was a retrospective study, data of continuous monitoring of B cells were incomplete, also the
immunoglobulin levels at baseline and during follow-up. Second, only a few of the infectious cases had a
positive microbial result.

Conclusions
In AAV patients receiving rituximab, severe infections were common even with the low-dose regimen.
Pulmonary infections were the leading cause and most infections occurred during the �rst year of follow-
up. Older age and renal dysfunction increase the risk.
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Table 1. Baseline characteristics of patients having severe infections versus those without

severe infections
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Parameters total (n=27) No severe infection

(n=17)

Severe infection

(n=10)

P values

Age, yr 59.3±16.6 53.9±15.0 68.5±16.0 0.025

Male, n (%) 11 (40.7%) 9 (52.9%) 2 (20%) 0.124

MPA/GPA/EGPA 18/8/1 10/6/1 8/2/0 0.635

MPO-ANCA/PR3-ANCA/Both 19/7/1 13/3/1 6/4/0 0.477

Organ involvement, n (%)        

Fever/fatigue/weight loss 23 (85.2%) 13 (76.5%) 10 (100%) 0.264

Kidney 26 (96.3%) 16 (94.1%) 10 (100%) 1.000

Pulmonary 18 (66.7%) 11 (64.7%) 7 (70%) 1.000

Joint pain 9 (33.3%) 5 (29.4%) 4 (40%) 0.683

Muscle pain 7 (25.9%) 4 (23.5%) 3 (30%) 1.000

ENT 7 (25.9%) 4 (23.5%) 3 (30%) 1.000

Serum creatinine, μmol/L 303.5±235.2 251.0±226.2 392.6±234.0 0.133

eGFR, ml/min/1.73m2 32.5±31.5 41.2±33.8 17.8±21.5 0.061

CRP, mg/L 16.7

(5.5/35.8)

14.1 (5.4/30.0) 18.1(7.4/40.2) 0.672

ESR, mm/hr 51.3±38.4 46.9±39.3 59.1±37.6 0.458

BVAS 14.4±6.0 13.1±6.3 17.0±4.5 0.131

WBC, ×109/L 9.3±3.3 9.9±3.4 8.2±3.0 0.236

Neutrophils, ×109/L 7.0±3.1 7.8±2.6 5.6±3.5 0.088

Lymphocytes, ×109/L 1.0 (0.8/1.6) 1.2 (0.8/1.6) 0.9 (0.7/1.6) 0.396

Hemoglobin, g/L 9.8±1.9 10.3±2.1 8.9±0.8 0.060

Blood platelet count, ×109/L 19.8

(13.3/29.4)

21.1 (14.6/35.1) 16.6 (13.0/24.0) 0.367

CD4+ T cells, /μL 687.6±378.4 671.6±391.4 726.4±371.6 0.754

CD19+ B cells, /μL 202.9±134.9 186.4±130.6 242.9±147.2 0.363

IgG, g/L* 9.8±3.6      

IgA, g/L* 1.9±1.0      
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IgM, g/L* 0.8±0.5      

Comorbidities (n)        

COPD 1 (3.7%) 0 (0%) 1 (10%) 0.370

Bronchiectasis 3 (11.1%) 2 (11.8%) 1 (10%) 1.000

Diabetes 3 (11.1%) 2 (11.8%) 1 (10%) 1.000

Hypertension 17 (63.0%) 10 (58.8%) 7 (70%) 0.692

Chronic heart failure 1 (3.7%) 1 (5.9%) 0 (0%) 1.000

Indication        

Relapse/refractory

disease/1st line

12/8/7 9/6/2 3/2/5 0.107

Total rituximab dose 1270.4±905.9 1194.1±823.5 1400.0±1065.6 0.579

Rituximab infusions 2.6±1.4 2.5±1.3 2.8±1.7 0.641

Premedication (last 12

months)

       

CYC (g) 3.0 (0/5.6) 3.0 (0.7/6.0) 0.5 (0/4.1) 0.223

Plasma exchange (ever) 16 (59.3%) 9 (52.9%) 7 (70%) 0.448

Pulsed IVMP 17 (63.0%) 12 (70.6%) 5 (50%) 0.415

Concurrently used medication        

Steroids 27 (100%) 17 (100%) 10 (100%)  

Trimethoprim–

sulfamethoxazole

7 (25.9%) 3 (17.6%) 4 (40%) 0.365

*n (total)=17

[Abbreviations] BVAS: Birmingham Vasculitis Activity Score; COPD: chronic obstructive pulmonary

disease; CRP: C reactive protein; CYC: cyclophosphamide; eGFR: estimated glomerular filtration rate;

EGPA: eosinophilic granulomatosis with polyangiitis; ENT: ear, nose and throat; ESR: erythrocyte

sedimentation rate; GPA: granulomatosis with polyangiitis; IVMP: intravenous methylprednisolone; MPA:

microscopic polyangiitis; WBC, white blood cell count.

Table 2. Details of severe infection events
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Parameters n

Time to infection (m)  

≤3 4

4-6 1

7-12 3

13-36 0

36 2

CTCAE grade  

3 7

4 0

5 3

Infection sites  

Lower respiratory tract 9

Urinary tract 1

[Abbreviations] CTCAE: Common Terminology Criteria for Adverse Events.

Table 3.  Analysis of risk factors for severe infection within 12 months after rituximab

administration

Parameters Univariable analysis Multivariable analysis

HR 95% CI P values HR 95% CI P values

Gender (male) 0.187 0.023 to

1.522

0.117 0.685 0.034 to

113.697

0.805

Age (years) 1.103 1.021 to

1.19

0.012 1.121 1.011 to

1.243

0.031

Serum creatinine (increased by per

88.4 μmol/L) 

1.003 1.000 to

1.005

0.027 1.493 1.017 to

2.191

0.041

Trimethoprim–sulfamethoxazole 3.232 0.803 to

13.006

0.099 6.487 0.743 to

56.602

0.091

Figures
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Figure 1

Flowsheet for recruitment
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Figure 4

Kaplan-Meier curve of patients presenting with severe infections


