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First exposure to rituximab is associated 
to high rate of anti‑drug antibodies 
in systemic lupus erythematosus but not in 
ANCA‑associated vasculitis
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Abstract 

Background:  Anti-drug antibodies (ADAs) can impact on the efficacy and safety of biologicals, today used to treat 
several chronic inflammatory conditions. Specific patient groups may be more prone to develop ADAs. Rituximab is 
routinely used for ANCA-associated vasculitis (AAV) and as off-label therapy for systemic lupus erythematosus (SLE), 
but data on occurrence and predisposing factors to ADAs in these diseases is limited.

Objectives:  To elucidate the rate of occurrence, and risk factors for ADAs against rituximab in SLE and AAV.

Methods:  ADAs were detected using a bridging electrochemiluminescent (ECL) immunoassay in sera from rituxi‑
mab-naïve (AAV; n = 41 and SLE; n = 62) and rituximab-treated (AAV; n = 22 and SLE; n = 66) patients. Clinical data was 
retrieved from medical records. Disease activity was estimated by the SLE Disease Activity Index-2000 (SLEDAI-2 K) 
and the Birmingham Vasculitis Activity Score (BVAS).

Results:  After first rituximab cycle, no AAV patients were ADA-positive compared to 37.8% of the SLE patients. Sam‑
ples were obtained at a median (IQR) time of 5.5 (3.7–7.0) months (AAV), and 6.0 (5.0–7.0) months (SLE). ADA-positive 
SLE individuals were younger (34.0 (25.9–40.8) vs 44.3 (32.7–56.3) years, p = 0.002) and with more active disease (SLE‑
DAI-2 K 14.0 (10.0–18.5) vs. 8.0 (6.0–14), p = 0.0017) and shorter disease duration (4.14 (1.18–10.08) vs 9.19 (5.71–16.93), 
p = 0.0097) compared to ADA-negative SLE. ADAs primarily occurred in nephritis patients, were associated with 
anti-dsDNA positivity but were not influenced by concomitant use of corticosteroids, cyclophosphamide or previous 
treatments.

Despite overall reduction of SLEDAI-2 K (12.0 (7.0–16) to 4.0 (2.0–6.7), p < 0.0001), ADA-positive individuals still had 
higher SLEDAI-2 K (6.0 (4.0–9.0) vs 4.0 (2.0–6.0), p = 0.004) and their B cell count at 6 months follow-up was higher 
(CD19 + % 4.0 (0.5–10.0) vs 0.5 (0.4–1.0), p = 0.002). At retreatment, two ADA-positive SLE patients developed serum 
sickness (16.7%), and three had infusion reactions (25%) in contrast with one (5.2%) serum sickness in the ADA-nega‑
tive group.
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Introduction
Since the introduction of the chimeric monoclonal anti-
CD20 antibody rituximab (RTX) in the management 
of haematological malignancies [1], its use has been 
extended to several immune-mediated diseases includ-
ing rheumatoid arthritis (RA) [2], anti-neutrophil cyto-
plasmic antibody (ANCA)-associated vasculitis (AAV) 
[3], systemic lupus erythematosus (SLE) [4] and mul-
tiple sclerosis (MS) [5]. In SLE, the drug is used as off 
label therapeutic, after two large randomized clinical tri-
als having failed to meet their primary endpoints [6, 7]. 
Nevertheless, there is a substantial body of literature that 
supports its use in SLE, especially as add-on medication 
in patients with refractory organ manifestations, mainly 
in lupus nephritis [8, 9].

The development of anti-drug antibodies (ADAs) is the 
result of an unwanted immune response which can occur 
against all biologicals including RTX and can impair the 
efficacy and safety of the treatment. The issues related to 
the potential immunogenicity of the biologics were rec-
ognized early in the process of their development. As a 
result, several efforts have been performed at a preclini-
cal level to reduce the immunogenic potential of the dif-
ferent molecules. The primary reason for the biologics 
to be immunogenic resides in the proteinaceous nature 
of these molecules, their structure and the post-transla-
tional changes acquired in the production process [10].

RTX, as a chimeric antibody, can potentially carry in 
its mouse-derived variable regions several immunogenic 
epitopes that may elicit immune response in the indi-
viduals receiving the drug [11]. As a consequence, ADAs 
can recognize the target-binding domain of the molecule 
(i.e. recognize the idiotype), inhibiting the action of RTX. 
In addition, ADAs can also bind to other epitopes in the 
molecular structure of the drug, and through the forma-
tion of immune complexes, they can alter the pharma-
cokinetics through accelerated drug clearance, which in 
turn can reduce the clinical efficacy of the drug [10] or 
lead to infusion reactions.

In addition to the type of monoclonal antibody, the rate 
of occurrence of ADAs can also depend on other patient- 
or drug-related factors, such as the route and frequency 
of administration of the drug, the different dosing regi-
mens, the presence of co-medications and the underlying 

disease. Indeed, some systemic inflammatory diseases 
appear more prone to the development of ADAs than 
other illnesses [12].

In this respect, there is data which suggests that in RA, 
the occurrence of ADAs to RTX is affecting 4–11% of 
treated patients [2]. In contrast, in patients with relaps-
ing–remitting MS, the proportion of patients developing 
ADAs to RTX has been shown to be as high as 37% and 
high titres of ADAs were associated with less profound B 
cell depletion or earlier B cell repopulation [13].

In SLE, data concerning the rate of development of 
ADAs against the drug is still limited. From the clinical 
trials that have been carried out, SLE appears to be asso-
ciated with both high rates of ADAs and high titres [4, 
6, 7] but their clinical relevance remains unclear. Longi-
tudinal studies suggest that despite an initial response to 
RTX, ADA development may be a significant determi-
nant of a secondary loss of efficacy at retreatment [14]. 
Alternatively, ADAs may be predictive of the occurrence 
of infusion reactions at retreatment, as shown by a recent 
observational study [15]. Studies addressing both the 
prevalence and impact of ADAs to RTX in SLE are still 
few and further research is needed.

Similarly, there is limited data available clarifying the 
impact of RTX immunogenicity in the context of AAV. To 
date, immunogenicity has only been evaluated in a small 
prospective study enrolling eleven AAV patients [16] and 
in a randomized clinical trial (RCT) in which 23% of the 
patients were found positive for ADAs within 18 months 
from treatment initiation, although the clinical implica-
tions of immunogenicity were unclear [3].

Further studies in a real-world setting are needed to 
confirm these findings and to better understand the clini-
cal implications of ADA development, their impact on 
the safety profile of RTX and on its efficacy in systemic 
diseases such as SLE and AAV. Therefore, the aims of the 
present study were to elucidate the frequency of ADAs 
against RTX in two cohorts, one of SLE and one of AAV 
patients and, if ADA impact the intended pharmacody-
namic effect of RTX in reducing the B cell count.

Secondary aims of this study were to identify risk fac-
tors for ADA development in these cohorts and to eval-
uate the association of ADAs with adverse events at 
retreatment in a clinical setting. Finally, we wanted to 

Conclusions:  In contrast to AAV, ADAs were highly prevalent among rituximab-treated SLE patients already after the 
first course of treatment and were found to effect on both clinical and immunological responses. The high frequency 
in SLE may warrant implementations of ADA screening before retreatment and survey of immediate and late-onset 
infusion reactions.
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explore, if the development of ADAs was associated with 
subsequent lack of response on retreatment.

Methods
Patients
SLE patients
SLE patients included in the study belong to a clini-
cal cohort prospectively enrolled at the Rheumatology 
Clinic at Karolinska University Hospital, Stockholm. 
All patients fulfilled the 1982 ACR criteria for SLE [17], 
were newly initiated on RTX and had a pre-treatment 
(baseline) sample, and at least one post treatment sam-
ple available (preferably at 6 months after first infusion), 
obtained at RTX trough prior to any subsequent infu-
sions. A total of 66 SLE patients met the inclusion criteria 
and were included in the study.

AAV patients
AAV patients diagnosed and classified according to the 
EMA (European Medicines Agency) algorithm [18] were 
recruited from a larger cohort study which has been pre-
viously described [19].

In this cohort, patients were evaluated, and blood 
samples were collected at inclusion and at a scheduled 
6  months follow-up visit. We retrospectively identified 
those, among the included patients who had received 
RTX, either at inclusion or within the 6 months follow-
up of the cohort study design, and who had available 
samples taken before (baseline) and after treatment ini-
tiation. Since only 22 AAV patients had been treated with 
RTX, we also included additional samples from 19 AAV 
patients unexposed to RTX.

All patients provided informed consent prior to enrol-
ment in the cohorts. This study was approved by the 
Stockholm ethics committee and conducted in accord-
ance with the Helsinki declaration.

Clinical data
Clinical and demographic data were retrieved from 
the electronic clinical charts. For all patients, data on 
age, gender, disease duration, main indication for RTX 
administration, dose and treatment schedule and associ-
ated treatments was collected. For SLE patients, concom-
itant treatment at RTX initiation and previous treatments 
including corticosteroids (CS) and anti-rheumatic dis-
ease-modifying drugs (DMARDs) were included in the 
data collection. Disease activity was measured using the 
SLE Disease Activity Index-2000 (SLEDAI-2 K) [20]. For 
AAV patients, the Birmingham Vasculitis Activity Score 
(BVAS) was used [21].

Rituximab administration
In both cohorts, original RTX (Mabthera ®) was admin-
istered primarily using one of two different regimens 
including the haematological approved dosage of 
375 mg/m2 of body surface area (BSA) every week over 
4 weeks in accordance to previously published studies for 
both SLE [22] and AAV [3], or the RA approved dosage of 
1 g 2 weeks apart. In select cases, lower doses of 500 mg 
2 weeks apart were also used. Also, patients could receive 
concomitant intravenous cyclophosphamide, either as 
two infusions of 750 mg or according to Euro-Lupus [23] 
or NIH (National Institutes of Health) protocol [24]. The 
addition of 6-metylprednisolone pulse therapy of 500–
1000  mg daily over 3  days was decided by the treating 
physician according to clinical needs.

Laboratory investigations
Baseline and 6  months follow-up laboratory measure-
ments including total leucocytes, total lymphocytes 
and lymphocytes subpopulations of CD19 + cells were 
retrieved from clinical records where available. These 
measurements were conducted according to clinical rou-
tine. B cell depletion was defined as a total CD19 + posi-
tive cell count of < 0.01 cells/µL and a percentage of 
CD19 + positive cells < 0.5 out of total lymphocytes 
according to laboratory routine.

Additional laboratory measurements included in the 
dataset were complement levels (C3 and C4 fractions) 
and serum anti-dsDNA titres. These were performed 
using different methods over the years, thus with differ-
ent normal ranges. Therefore, these results were recorded 
as a categorical variable in the dataset (complement nor-
mal/low, anti-dsDNA positive/negative).

All laboratory analyses were performed at the Clinical 
Chemistry and Clinical Immunology Laboratory at the 
Karolinska University Hospital.

Evaluation of renal response
For SLE patients treated for lupus nephritis as the main 
indication and subsequently retreated, data on proteinu-
ria (assessed as 24 h proteinuria (grams/24 h) or as urine-
albumin to creatinine ratio, U-ACR, expressed in mg/
mmol) and creatinine levels (mmol/L) were collected in 
order to assess renal response after retreatment (6 and 
12  months, respectively), according to commonly used 
definitions [25].

Adverse events
Clinical charts were reviewed for the occurrence of 
adverse events including infusion reactions (IR) at time 
of RTX retreatment. IR were defined according to their 
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severity and modality to be handled in accordance with 
the Common Terminology Criteria for Adverse Events 
(CTCAE, v. 5).

Serum sickness was defined as a late-onset type III 
hypersensitivity reaction, characterized by the occur-
rence of fever, cutaneous rash and/or arthralgia/arthritis 
which usually occurs within 5–10 days after exposure to 
RTX [26, 27].

Detection of ADA
The presence of ADA against RTX was determined with 
an in-house validated bridging electrochemiluminescent 
(ECL) immunoassay, using the Meso Scale Discovery® 
(MSD) platform as previously described [13].

RTX-naïve samples (SLE; N = 62, four samples 
excluded due to insufficient volume of sera available; and 
AAV; N = 41) were used to establish SLE and AAV spe-
cific screening, confirmatory and titration cut-points for 
the immunoassay and to screen for naturally occurring 
ADA at baseline.

Follow-up samples (SLE; N = 66, AAV; N = 22) were 
used to evaluate for ADA development after RTX expo-
sure. In brief, ADAs were detected through a three-tiered 
testing approach. Samples detected as positive for ADAs 
in the screening assay, using the disease-specific assay cut 
points, were subsequently assessed in a competitive assay 
to confirm the specificity of ADAs against RTX. The third 
step included titration of confirmed positive samples to 
determine ADA levels. The final titre was expressed as 
arbitrary units per millilitre (AU/mL). Confirmed posi-
tive samples below the titration cut point were given a 
titre of < 2 AU/mL.

Data analysis
The primary outcome measures were ADA status (posi-
tive/negative) and titre (AU/mL) of a patient follow-up 
sample as determined using the bridging ECL assay.

A cut-off for lower ADA titres (lower or equal to 4 
AU/mL) and higher ADA titres (above 5 AU/mL) was 
adopted in accordance with previous studies [13].

In brief, in descriptive analysis, categorical variables are 
presented as numbers and percentages, and continuous 
variables are described as median and interquartile range 
(IQR). A univariate analysis was conducted to ascertain 
the relationship between ADA development and baseline 
characteristics. Similarly, 6-month follow-up measure-
ments of CD19 + cells (expressed as percentage out of 
total lymphocytes or absolute counts (N × 10^99/L) in 
the peripheral blood) were compared when available with 
respect to the primary outcome.

To investigate if the presence of ADA was associated 
with adverse events or infusion reactions, clinical data 

from SLE patients who were retreated with RTX were 
evaluated and compared with ADA status and category.

Correlations between continuous variables were 
explored through Spearman’s test. For the analysis of the 
association between categorical variables, the Fisher’s or 
chi-square test were used as appropriate. To compare dif-
ferences between groups, central measures of continuous 
variables were compared using the Mann–Whitney test 
as appropriate. To compare between time points within 
groups, Wilcoxon signed-rank test was applied.

Statistical analysis was conducted using SPSS software 
version 27. To produce graphs and figures some statisti-
cal tests were repeated using GraphPad Prism version 8. 
P values < 0.05 were deemed as significant.

Results
Clinical characteristics of the enrolled patients
Patient demographics and clinical characteristics for both 
diseases are summarized in Table 1, and additional clini-
cal information on SLE patients is provided in Table 2.

SLE patients
The majority of SLE patients (Table  1) were females 
(90.9%), with a median (IQR) age of 36.3 (29.8–50.3) 
years and a disease duration of 7.9 (2.6–14.3) years at the 
time of RTX initiation. Their disease activity was moder-
ate to high (SLEDAI-2 K median (IQR) 12.0 (7.0–16.0)), 
and the main indication for RTX use was lupus nephritis 
(63.6%) (Table 2).

Table 1  Baseline characteristics of the RTX-treated SLE and AAV 
patients

IQR Interquartile range, SLEDAI-2 K Systemic Lupus Erythematosus Disease 
Activity Index 2000, BVAS Birmingham Vasculitis Activity Index, IV Intravenous
a One patient (indication peripheral polyneuropathy) was excluded from the 
calculation

SLE (n = 66) AAV (n = 22)

Clinical features
  Females (n, (%)) 60 (90.9) 12 (54.5)

  Age (median (IQR)) 36.3 (29.8–50.3) 62.0 (44.0–70.5)

  Disease duration (median (IQR)) 7.9 (2.6–14.3) 1.5 (0–6.5)

Disease activity
  SLEDAI-2Ka (n = 65) (median (IQR)) 12.0 (7.0–16.0) –

  BVAS (n = 17) (median (IQR)) – 15.0 (10.5–22.5)

Rituximab treatment regimens
  375 mg/m2 × 4 weekly infusions 

(n, %)
38 (57.6) 5 (22.7)

  1 g 2 weeks apart (n, %) 24 (36.4) 13 (59.1)

  500 mg 2 weeks apart (n, %) 4 (6.1) 3 (13.6)

Concomitant treatments
  IV cyclophosphamide (n, %) 36 (54.5) 10 (45.4)

  IV 6-methylprednisolone (n, %) 37 (56.1) 4 (18.2)
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In both disease cohorts, RTX treatment had been 
administered according to different schedules. The 
majority of SLE patients (Table 1) were treated according 
to the haematological regimen (57.6%). Moreover, more 
than half of the patients had received intravenous cyclo-
phosphamide (54.5%) and 6-metylprednisolone pulse 
therapy (56.1%) concomitant to RTX. A total of 31 SLE 
patients were retreated with RTX, 11 of these within one 
year from their first infusion.

The majority of SLE patients (92.4%) received oral 
Prednisolone at the time of RTX initiation; however, a 
majority did not receive concomitant DMARD treatment 
(72.7%). At baseline, the prevalence of anti-dsDNA posi-
tivity was as high as 66.7%, and complement activation 
was present in 57.4% of SLE patients (Table 2).

AAV patients
The AAV cohort (n = 22) had a median (IQR) age of 62.0 
(44.0–70.5) years and a disease duration of 1.5 (0–6.5) 

years. In this cohort, RTX was primarily administered in 
a dosage of 1 g 2 weeks apart (59.1%) and a smaller pro-
portion received intravenous cyclophosphamide (45.4%) 
and 6-metylprednisolone pulses (18.2%) as co-medica-
tion (Table 1).

The majority of AAV patients had a diagnosis of granu-
lomatosis with polyangiitis (GPA, n = 15) or microscopic 
polyangiitis (MPA, n = 6) accounting for 68.2 and 27.3% 
of the cohort respectively. Only one patient (4.5%) was 
included with eosinophilic granulomatosis with poly-
angiitis (EGPA).

Frequency of ADAs in SLE patients
A total of three patients (4.8%, 3/62) had detectable 
ADA at baseline, but all with very low titres (< 2AU/ml). 
Of these three patients, one progressed at follow-up to 
develop higher titres of ADA (64 AU/mL) following the 
first RTX treatment course, one remained positive at 

Table 2  Specific clinical characteristics and pharmacological history of the SLE patients

IQR Interquartile range, n Number, CD19 Cluster of differentiation 19, anti-dsDNA Anti-double strand-DNA antibodies
a Other manifestation: one fatigue and systemic inflammation, one lung fibrosis, one peripheral polyneuropathy

SLE (n = 66)

Baseline laboratory findings
  Total leukocytes (N cells/mm3, median (IQR)) 7.0 (4.5–9.1)

  Total lymphocytes (N cells/mm3, median (IQR)) 0.9 (0.5–1.4)

  CD19 positive cells (n = 37) (N cells/mm3/percentage median (IQR)) 0.05 (0.03–0.12)/7.0 (4.0–13.0)

  Anti-dsDNA positivity, (n, %) 44 (66.7)

  Low complement levels (n = 61), (n, %) 35 (57.4)

Primary indication for RTX
  Lupus nephritis, n (%) 42 (63.6)

  Neurolupus, n (%) 7 (10.6)

  Lupus related arthritis, n (%) 7 (10.6)

  Mucocutaneous manifestations, n (%) 2 (3.0)

  Haematological manifestations, n (%) 5 (7.6)

  Other manifestationsa, n (%) 3 (4.5)

Ongoing treatment at RTX initiation
  Oral Prednisolone, n (%) 61 (92.4),

  Daily dose, mg (median (IQR)) 12.5 (12.5–20.0)

  Antimalarials, n (%) 27 (40.9)

  Azathioprine, n (%) 6 (9.1)

  Mycophenolate, n (%) 9 (13.6)

  Methotrexate, n (%) 3 (4.5)

Previous treatments
  Cyclophosphamide, n (%) 40 (60.6)

  Cumulative dose (median (IQR)) 6075 (3150–9275)

  Azathioprine, n (%) 44 (66.7)

  Mycophenolate, n (%) 32 (48.5)

  Methotrexate, n (%) 17 (25.8)

  Cyclosporine A, n (%) 11 (16.7)
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very low titre (< 2 AU/mL) and one converted to ADA-
negative after treatment.

Follow-up samples from patients with SLE (n = 66) 
were obtained at a median (IQR) of 6.0 (5.0–7.0) 
months from the first RTX treatment cycle, and imme-
diately prior to the next infusion, if continued treat-
ment was given (five patients were retreated between 6 
and 8 months from the first cycle).

ADAs were detected in 37.8% of SLE patients (25/66) 
at follow-up. Of the positive patients, 6 were positive 
at low titres (lower or equal to 4 AU/mL), while 19 had 
higher titres (higher than 5 AU/mL, range 8–4000).

Frequency of ADA in the AAV patients
At baseline, one AAV patient was detected as ADA-
positive but also with a low titre (< 2 AU/ml) and 
no patient was detected ADA-positive at follow up 
(n = 22), including the patient positive at baseline. The 
median (IQR) time of follow-up between RTX initia-
tion and follow-up sampling was 5.5 (3.7–7.0) months.

Association of ADA status with baseline clinical 
and immunological characteristics
The baseline clinical and immunological characteristics 
for ADA-positive and ADA-negative SLE patients are 
shown in Table 3.

In the univariate analysis (Table 3), ADA-positive SLE 
patients were significantly younger compared to ADA-
negative (median (IQR) 34.0 (25.9–40.8) vs 44.3 (32.7–
56.3) years, p = 0.002) and with shorter disease duration 
(median (IQR) 4.14 (1.18–10.08) vs 9.19 (5.71–16.93, 
p = 0.0097). ADA-positive patients also had a higher 
baseline disease activity (median (IQR) SLEDAI-2 K 14.0 
(10.0–18.5) vs. 9.19 (5.71–16.93), p = 0.0017). Patients 
being treated for lupus nephritis had a higher rate of 
ADA compared to SLE patients treated for other indica-
tions (22/42, (52.4%) vs 3/24, (15.5%), Fisher exact test, 
p = 0.001, Fig. 1a).

Baseline anti-dsDNA positivity was also significantly 
associated with ADA positivity at follow-up with 47.7% 
(21/44) of anti-dsDNA-positive patients baseline devel-
oping ADA compared to 18.2% (4/22) of the ADA-
negative patients (Fisher’s exact test p = 0.03, Fig.  1b). 

Table 3  Comparison of the baseline characteristics of ADA-positive and ADA-negative SLE patients

IQR Interquartile range, SLEDAI-2 K SLE Disease Activity Index-2000, CD19 Cluster of differentiation 19, RTX Rituximab, n/a Not applicable, DMARDs Disease-modifying 
anti-rheumatic drugs, AZA Azathioprine, MMF Mycophenolate mofetil, MTX Methotrexate, CS Corticosteroids
* Mann–Whitney test

ADA positive (n = 25) ADA negative (n = 41) P value*

Patient characteristics
  Age (years, median (IQR)) 34.0 (25.9–40.8) 44.3 (32.7–56.3) 0.002
  Sex (Females, n, %) 27 (87.1) 33 (94.2) 0.66

  Disease duration (years, median (IQR)) 4.14 (1.18–10.08) 9.19 (5.71–16.93) 0.0097
Disease activity
  SLEDAI-2 K (median (IQR)) 14.0 (10.0–18.5) 8.0 (6.0–14.0) 0.017
Laboratory data
  Total leukocytes (N cells/mm3 median (IQR)) 6.3 (4.1–8.1) 7.1 (4.7–9.5) 0.53

  Total lymphocytes (N cells/mm3 median (IQR)) 0.98 (0.54–1.47) 0.85 (0.5–1.52) 0.74

  CD19 + cells (%, median (IQR)) 8.0 (5.25–14.5) 6.0 (2.5–11.5) 0.17

  CD19 + cells (N × 10^9/L, median (IQR)) 0.065 (0.03–0.15) 0.05 (0.03–0.085) 0.21

Treatments
  Concomitant CS pulses, % (n) 60.0 (15) 53.6 (22) 0.61

  Concomitant cyclophosphamide, % (n) 56.0 (14) 53.6 (22) 0.85

  Cumulative dose of concomitant cyclophosphamide (mg, (median (IQR)) 1200 (950–1600) 1000 (1000–1600) 0.81

  Previous cyclophosphamide, % (n) 60.0 (15) 60.0 (25) 0.93

  Cumulative dose of previous cyclophosphamide (mg, median (IQR)) 6700 (4500–10000) 6000 (3000–9150) 0.58

  Corticosteroids at baseline, % (n) 92 (23) 92.6 (38) 0.91

  Total corticosteroid dose at baseline (mg, median (IQR)) 12.5 (10–17.5) 15.0 (7.5–20.0) 0.73

  Antimalarial treatment at baseline, % (n) 36.0 (9) 43.9 (18) 0.53

  DMARDs at baseline (AZA, MMF, MTX), n 0/4/1 6/5/2 n/a

Rituximab treatment (from baseline)
  Schedule of RTX (n, 375 mg/m2 × 4, 1 g × 2, 500 mg × 2)) 14/10/1 24/14/3 1.00

  Cumulative dose of RTX at first course (mg, median (IQR)) 2100 (2000–2650) 2400 (2000–2800) 0.33
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Conversely, the anti-dsDNA positive patients were also 
more prevalently affected by lupus nephritis (n = 32, 
72.7%).

No difference was seen in ADA development between 
groups regarding RTX treatment schedule (p = 1.00) or 
cumulative dose (p = 0.33). Furthermore, no difference 
was seen between ADA-positive and negative groups 
in previous exposure and concomitant treatment with 
intravenous cyclophosphamide (chi-square test, p = 0.93 
and p = 0.58, respectively) or intravenous corticosteroid 
pulse therapy at time of RTX infusion (chi-square test, 
p = 0.91). Similarly, the use of antimalarials, oral corti-
costeroids or DMARDs prior to RTX was not associated 
with the presence of ADAs at follow-up (Table 3). Finally, 
no association was seen between ADA and baseline com-
plement activation (chi-squared test, p = 0.79, Fig. 1c).

Association of ADA development and peripheral B cell 
depletion
Data on peripheral blood lymphocytes subpopulations as 
measured by flow cytometry were available for 37 of the 
SLE patients at baseline and 37 patients at 6  months of 
follow-up.

No statistically significant differences were found 
regarding the baseline B cell count between ADA-posi-
tive and negative SLE patients at follow-up.

At 6  months follow-up, a higher proportion of 
CD19 + to total lymphocytes was seen in ADA-pos-
itive patients compared to ADA-negative patients 
(median (IQR) 4.0 (0.5–10.0) vs 0.5 (0.4–1.0), p = 0.002) 
(Fig.  2a). Similarly, when comparing the absolute count 
of CD19 + cells in the peripheral blood, significant dif-
ferences were observed, with a median (IQR) 0.03 
(0.01–0.14) vs 0.01 (0.01–0.01), p = 0.003) comparing 
ADA-positive and ADA-negative patient groups (Fig. 2b). 

A higher proportion of patients with ADA-positive status 
at follow-up did not achieve the status of B cell depletion 
(CD19% in peripheral blood < 0.5%), although this did not 
reach statistical significance (Fig. 2d-f ).

No significant correlation was found between the ADA 
status and the proportion of patients who achieved B cell 
depletion (BCD) at follow-up (Fig.  2d). Thereafter, we 
stratified ADA-positive patients by low titre (lower or 
equal to 4 AU/ml), and high titres (higher than 5 AU/ml).

No significant difference was seen between B cell deple-
tion in low and high ADA-positive titre groups (Fig. 2e). 
Moreover, when comparing higher titre ADA-positive 
patients to negative ADA patients, it was not statistically 
significant (Fig. 2f ).

Adverse events associated with ADA at retreatment
Thirty-one of the 66 SLE patients underwent retreatment 
over time. Of these, 12 (38.7%) were ADA-positive and 
retreated at a median of 17.5 (10.2–66.7) months after 
the first infusion. The remaining 19 patients (61.3%), who 
were ADA-negative, were retreated after a median of 19.0 
(9.7–67.0) months following the first RTX infusion.

Of the 12 ADA-positive SLE patients who were 
retreated, three (25.0%, 3/12) had immediate infusion 
reactions and two (16.7%) manifested serum sickness 
following the second course of RTX treatment. Of the 
three patients with immediate infusion reactions two had 
an ADA titre of 80 AU/mL and one a titre of 8 AU/mL 
and were retreated at 10, 11 and 115  months from the 
first course of RTX respectively. The two SLE patients 
who developed serum sickness had an ADA titre of 
4000 AU/mL and 4 AU/mL respectively and retreatment 
was administered at 8 and 23 months respectively from 
the first course of RTX. There were no immediate infu-
sion reactions in ADA-negative patients at retreatment 

Fig. 1  Association of ADA status at follow-up with baseline clinical indication for treatment and immunological features. a Frequency of ADA 
positivity at follow-up is significantly higher in SLE patients treated for lupus nephritis (LN) with respect to other clinical manifestations (non-LN), 
Fisher exact test, p = 0.001. b ADA positivity at follow-up is associated with the presence of positive anti-dsDNA at baseline, Fisher exact text, 
p = 0.03.c No significant association of complement (C) activation at baseline with positive ADA status at follow-up (chi-square test)
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however, one patient presented with a late-onset reaction 
suggestive of serum-sickness (5.2%, 1/19).

Variations in disease activity (SLEDAI‑2 K) after rituximab 
treatment
Overall, the entire group of SLE patients responded with 
a reduction of median SLEDAI-2 K of eight units, from 
12.0 (7.0–16.0) at baseline to 4.0 (2.0–6.7) at 6  months 
follow-up (Wilcoxon signed-rank test p < 0.0001). A sig-
nificant reduction of disease activity was observed both 
in ADA-positive and ADA-negative patients (p < 0.0001 
in each subgroup). However, the ADA-positive patients 
still had a higher disease activity at 6 months follow-up 
compared to ADA-negative patients (Mann–Whitney 
test p = 0.004). Stratifying by indication to RTX initia-
tion, a reduction of disease activity was evident both for 
SLE patients treated for lupus nephritis and for those 

treated for all other indications (Wilcoxon signed-rank 
test p < 0.0001 for both subgroups).

In the lupus nephritis group, the patients ADA-pos-
itive at follow-up, showed a significant reduction of the 
SLEDAI-2 K score from baseline to 6 months follow-up 
(p < 0.0001), similarly to ADA-negative lupus nephri-
tis patients (p < 0.0001). However, their disease activity 
was higher at follow-up compared to the ADA-negative 
patients with lupus nephritis (p = 0.02) (Fig. 3).

Efficacy of RTX after retreatment in lupus nephritis 
ADA‑positive patients
Among the 42 SLE patients who had been started on 
RTX for active lupus nephritis, a total of 17 had under-
gone retreatment at some point (median (IQR) time 
to retreatment 38.0 (11.5–81.0) months). Of these 17 
patients, 9 were found to be ADA-positive 6 months after 
the first RTX course (before retreatment), with a median 

Fig. 2  Pharmacodynamic differences on B cells between ADA + and ADA- patients at 6 months follow-up. a Percentage CD19 + cells in the 
peripheral blood 6 months after rituximab infusion, showing significantly higher values in all ADA positive patients compared to ADA negative 
patients (p = 0.002). Red line shows the group median. b ADA-positive patients have a significantly higher median value of CD19 + cells in the 
peripheral blood expressed as absolute numbers per microliter (p = 0.003). Red line shows group median. c Correlation (Spearman rho) between 
the titers of ADA (expressed as AU/mL) and the peripheral B cell count at 6 months follow up (expressed as CD19%) did not show any correlation 
(p = 0.43, r =  − 0.2 95%CI − 0.63–0.32). d At 6 months after rituximab infusion, no statistically different rate of achievement of B cell depletion 
was seen between ADA-positive and ADA-negative groups; B cell depletion (BCD) defined as peripheral blood CD19% < 0.5. e At 6 months after 
rituximab infusion, ADA positive were stratified into either higher ADA titre (above 5 AU/mL) and lower ADA titre (lower or equal to 4 AU/mL) 
and show no statistically different rate of achievement of BCD. f No difference was observed when comparing rates of BCD between ADA negative 
and high ADA positive (above 5 AU/mL)
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Fig. 3  Changes in disease activity in SLE patients, as measured by SLEDAI-2 K. a The SLEDAI-2 K score shows a significant reduction in the whole SLE 
cohort (N = 65, one value missing) from baseline to 6-months follow-up, with significant reduction that is confirmed also for patients ADA-positive 
and ADA-negative at 6-months follow-up (Wilcoxon signed-rank test, p < 0.0001). When evaluated at 6-months follow-up, the ADA-positive patients 
showed however higher SLEDAI-2 K values compared to ADA-negative patients (Mann–Whitney test p = 0.004). b Similar behaviour, with significant 
reduction of SLEDAI-2 K between baseline and 6-months follow-up, was observed for lupus nephritis (LN) patients and maintained whether they 
were ADA-positive or ADA negative at follow-up (Wilcoxon signed-rank test p < 0.0001 for all). Also in LN patients, SLEDAI-2 K values at 6-months 
follow-up were higher in ADA-positive patients compared to ADA-negative ones (Mann–Whitney test, p = 0.02). c Patients treated for clinical 
indications other than lupus nephritis (non-lupus nephritis, non-LN) also showed a significant reduction of the SLEDAI-2 K at a group level and 
in both ADA-positive and ADA-negative subgroups (Wilcoxon signed-rank test p < 0.0001, p = ns and p < 0.0001, respectively). In these patients, 
SLEDAI-2 K values, measured at 6-months, did not differ in a statistically meaningful manner, between ADA-positive and ADA-negative subgroups 
(Mann–Whitney test, p = 0.37)
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(IQR) ADA titre of 48.0 (6.0–80.0) AU/mL. Seven of 
these retreated lupus nephritis patients (7/17) had early 
retreatment, i.e. within 18  months from the nephritis 
flare for which RTX was started, two for non-nephritic 
flares (one ADA-positive and one ADA-negative) and 
five for nephritic flares (four of which ADA-positive), 
respectively.

Of the latter four ADA-positive patients who had a 
nephritic flare requiring early retreatment, three were 
non-responders and one partial responder at 6 and 
12  months from retreatment [25]. All except for one 
patient with ADA titre < 2 AU/mL, were found to have 
high titres of ADA (48, 64 and 4000 AU/ml, respectively).

Discussion
In this study, we showed that RTX treatment is associated 
with a high rate of ADA positivity in SLE patients already 
after the first course of treatment. Moreover, ADA occur-
rence was not influenced by concomitant administration 
of intravenous corticosteroids or immunosuppressants 
such as cyclophosphamide. Among the SLE patients, 
ADAs were mainly observed in patients with nephritis 
and a serologically active profile with anti-dsDNA anti-
body positivity. In contrast, the development of ADAs 
was not observed in AAV patients after exposure to the 
first course of RTX.

The development of ADAs (in the previous literature 
also described as HACA, human-anti-chimeric antibod-
ies) has been reported in early clinical trials [4] evalu-
ating RTX in SLE. In this context, ADAs were more 
commonly observed in patients who exhibited higher 
disease activity at baseline and were of Afro-American 
ethnic background. In addition, when in high titres, they 
were associated to less efficient B cell depletion and lower 
RTX serum concentrations. Similarly, the two RCT [6, 7] 
evaluating RTX in SLE report on the presence of ADA 
(HACA), in 26.1% and 15.1% of the patients in the active 
treatment arm, with some patients experiencing adverse 
events. More recently, studies on real-life cohorts, have 
underscored how ADA can be implicated in the loss 
of clinical efficacy and less efficient B cell depletion of 
peripheral blood at retreatment in SLE patients [14].

In our study, we reported a frequency of 37.8% ADA 
positivity in SLE patients after the first exposure to RTX, 
consistent with the 37% reported by Wincup et al., who 
also used a bridging ECL immunoassay for ADA detec-
tion. Similarly, in line with their findings, our ADA-pos-
itive patients were younger at the first exposure to RTX 
compared to ADA-negative individuals [15]. This is in 
contrast with observations concerning ADAs against 
other biotherapies, such as interferon-beta in MS, where 
ADA-positive patients were significantly older than 

patients with persistently negative results for ADA test-
ing [28].

Disease activity at baseline, was higher in ADA posi-
tive patients in our study, which contrasts to what was 
described by Wincup et  al. [15], probably reflecting the 
fact that our cohort was more skewed towards a higher 
prevalence of severe lupus manifestations including 
active nephritis and CNS patients. This could also explain 
how baseline immunological features such as anti-
dsDNA positivity were found to be associated to ADA 
positivity at follow-up in our study. Even though such fea-
tures may differentiate our patients from other cohorts, it 
is relevant to highlight how the patients more prone to 
develop ADA in our SLE cohort, were those with refrac-
tory organ involvement such as lupus nephritis and 
positivity for anti-dsDNA. This observation is of major 
relevance, since it underlines how patients more in need 
of additional treatment, who are the usual candidates to 
RTX, are also those more susceptible to ADAs develop-
ment. Also, this highlights that the immunogenicity of 
RTX may be strongly associated to patient-related fac-
tors, in this case, the immunological and inflammatory 
status of the patients. Comparably, the major determi-
nant of the development of ADAs to interferon-beta in 
MS was found to be high disease activity during treat-
ment exposure [28].

As suggested by previous studies, systemic diseases 
seem to be more prone than RA in developing immuno-
genicity to RTX. In a retrospective analysis by Combier 
et al., having a systemic disease was a major factor associ-
ated to the presence of ADAs. The study though included 
only fifteen SLE patients, and five AAV, as the majority 
of systemic illnesses were represented by Sjögren’s syn-
drome [12].

We observed that peripheral blood B cell counts at fol-
low-up were higher in ADA-positive patients compared 
to ADA-negative, which contrast with a recent report 
[15] but is consistent with an aforementioned clinical 
trial [4]. However, if these higher B cell counts reflect a 
less efficient B cell depletion or an accelerated repopula-
tion, remains unclear.

Although the B cell counts could be influenced by 
diverse modalities of data collection and power of the 
studies, this might suggest that ADAs could influence 
the pharmacokinetic and pharmacodynamic of the drug 
leading to pharmacologic abrogation and reduced thera-
peutic exposure. Despite enrolling a higher number of 
patients compared to previous studies, the reduced avail-
ability of data concerning the peripheral B cell counts 
resulted in a lack of power for our study. Therefore, we 
were not fully able to evaluate the association between 
ADA titres and B cell counts or depletion as a surrogate 
of RTX efficacy.
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In fact, we could not observe a strong and direct cor-
relation between ADA titres and B cell counts. This may 
also be explained on a pharmacological level. ADAs 
above a certain threshold, which exceeds the amount 
of circulating drug, may saturate the available drug and 
form immune-complexes but not impact further on the 
reduction of B cell count which follows RTX action.

Moreover, although we observed a difference in periph-
eral B cell counts between ADA-positive and ADA-
negative patients, we could not confirm this difference 
when we further examined the rate of achievement of B 
cell depletion. Furthermore, it is important to note that, 
given we evaluated patients in this study after the first 
exposure to RTX, the interpretation of the effect of ADAs 
on B cell count following immunization to the drug is 
incomplete. Indeed, the real impact on B cell depletion 
efficiency might be expected upon retreatment.

In line with previous observations, we could confirm 
that the immunogenicity of RTX was not influenced by 
the concomitant administration of immunosuppressants 
such as intravenous corticosteroids and cyclophospha-
mide. This contrasts to other autoimmune diseases such 
as RA, where the concomitant treatment with metho-
trexate has been shown to be protective against, or at 
least delaying, the development of ADAs against inflixi-
mab, another chimeric monoclonal antibody [29].

Of interest is the striking difference between the ADA 
frequencies in SLE and AAV, as these might reflect differ-
ent disease associated ADA risk factors in terms of RTX 
immunogenicity. On an immunological level, although 
both autoimmune in nature, the two diseases are char-
acterized by different levels and quality of B cell reac-
tivity and the propensity to respond to biotherapeutics 
with ADA formation in SLE compared to AAV, might be 
related to a more profound disruption of B cell tolerance 
[30, 31].

This difference might also be implicated in the fact 
that we also found that a small portion of SLE samples, 
although naïve to RTX, were ADA-positive at low titre 
(< 2 AU/mL), which although a rare event was still higher 
than in AAV. These ADAs were still above the disease-
specific cut-point established according to internation-
ally established recommendations [32] and suggest the 
presence of naturally occurring antibodies, which in turn, 
should reflect the intrinsic B cell hyperreactivity typical 
of SLE and the presence of a remarkably broad antibody 
repertoire.

With respect to safety, our retrospective analysis of the 
clinical records allowed us to trace immediate and late-
onset reactions in the ADA-positive patients who were 
retreated with RTX.

However, while the recording of immediate reac-
tions was performed directly at the hospital, those of the 

late-onset reactions mostly relied on patients reporting 
such reactions afterwards.

Therefore, the possibility arises that our study might 
underestimate the true occurrence of serum sickness 
reactions.

We could also observe that ADA-positive patients 
who received a second course of RTX for early nephritic 
flares, did not respond in general, and all had higher ADA 
titres, though the low numbers in our study do not allow 
to make generalizations.

Taken together, our findings suggest the necessity of an 
increased awareness for the immunogenic consequences 
of RTX administration in SLE, while such phenomenon 
appears not to be of greater relevance for AAV. Based 
on our findings, we believe screening for ADA should 
be implemented following RTX treatment, in particu-
lar in younger patients with lupus nephritis as a leading 
manifestation. In such patients, retreatment should be 
considered carefully, both for possible lack of efficacy and 
for safety reasons, and alternative B cell depletive drugs 
could be considered in the case of ADA positivity. Fur-
ther investigations are also needed to evaluate the rate 
of immunogenicity of RTX biosimilars in the context of 
SLE.

Further research should also address the question on 
whether RTX doses currently used might play a role in 
determining the immunogenicity of the drug and whether 
repeated treatments at regular intervals may affect and 
mitigate it. Indeed, in our cohort, given the large times-
pan to retreatment, possible effects of repeated exposure 
to RTX in terms of tolerization could not be investigated. 
A deeper comprehension of the immunological and 
clinical impact of ADA in RTX treated SLE patients war-
rants the conduction of longitudinal studies in order to 
better define which patients should stop RTX and/or be 
switched to alternative anti-CD20 agents.

Conclusions
To conclude, our study presents the result of a large 
real-life cohort of SLE patients in which we could dem-
onstrate a high occurrence of ADA to RTX after the first 
exposure, highlighting how the patients more in need of 
RTX are also the ones more affected by the phenomenon 
of immunogenicity. In comparison to AAV, the reason for 
immunogenicity may be related to intrinsic immunologi-
cal features of SLE. We believe that our findings should 
encourage further studies and the implementation of 
screening of SLE patients in the clinical routine.
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