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Abstract:    Objective: To review the efficacy and safety of rituximab therapy for systemic lupus erythematosus (SLE). 
Methods: We searched for randomized controlled trails and observational studies that evaluated the effect of rituximab 
based on the systemic lupus erythematosus disease activity index (SLEDAI), British Isles lupus assessment group 
index (BILAG), urine protein levels, and the prednisolone dose, and had adequate data to calculate the mean, stan-
dard deviation (SD), and 95% confidence intervals, and to systematically review and meta-analyze observational 
studies with fixed effects model or random effects model. Results: We included 2 randomized controlled studies and 19 
observational clinical studies. We summarized the data from the 19 observational studies, analyzed the heterogeneity 
of the literature, and then used fixed effect model or random effect model for statistical analysis. The SLEDAI, BILAG, 
and urine protein levels and the prednisolone dosage were decreased after rituximab treatment, and the decreases in 
the BILAG, urine protein levels, and the prednisolone dose were found to be significant (P<0.05), when compared with 
baseline level. Rituximab’s adverse effects generally could be controlled with an effective dosing regimen. Conclusions: 
Although there are still controversies about rituximab’s treatment on SLE, but our study had showed that rituximab had 
favorable effects on refractory lupus. The long-term efficacy and safety of rituximab require further study. 
 
Key words:  Systemic lupus erythematosus, Rituximab, Meta-analysis 
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1  Introduction 
 
Systemic lupus erythematosus (SLE) is an 

autoimmune disease caused by cellular and humoral 
immune dysfunction. Renal involvement occurs in up 
to 60% of SLE patients, and lupus nephritis (LN) 
remains a predominant cause of morbidity and mor-
tality (Waldman and Appel, 2006). At present, the 
main drug treatments for SLE include corticosteroids 
and immunosuppressive drugs, such as cyclophos-
phamide (CYC), azathioprine (AZA), mycophenolate 
mofetil (MMF), and tacrolimus (Houssiau et al., 
2002). Unfortunately, many patients experience the 
adverse drug reactions of the currently available 

immunosuppressants (which are used due to the in-
creased risk of infection), which contribute to in-
creased mortality. Therefore, there is an urgent need 
to identify new, more effective therapeutic methods 
with more favorable safety profiles. 

Rituximab is a chimeric monoclonal antibody 
against the protein CD20 and is used in the treatment 
of lymphoma, leukemia, transplant rejection, and 
some autoimmune disorders (Scott, 1998). As a chi-
meric antibody directed against CD20 on B lym-
phocytes, rituximab has become a hopeful therapy on 
SLE (Thatayatikom and White, 2006), and there are a 
number of observational studies with evidence that 
rituximab is effective in reducing the levels of certain 
auto-antibodies, resulting in clinical improvement 
(Levine and Pestronk, 1999). However, these results 
are in contrast with two recently conducted controlled 
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trials: the ‘Explorer’ (Merrill1 et al., 2011) and ‘Lu-
nar’ (Furie et al., 2009) trials. These trials were  
randomized, double blind placebo-controlled studies. 
The ‘Explorer’ trial accessed the efficacy of rituxi-
mab added to standard immunosuppressive therapy in 
moderate or severe SLE. The ‘Lunar’ trial investi-
gated the efficacy and safety of rituximab in active 
proliferative LN. Both studies failed to show clini-
cally significant differences between rituximab and 
placebo. In this study, we systematically assessed the 
efficacy and safety of rituximab in SLE patients. In 
accordance with the guidelines of the meta-analysis 
of observational studies in epidemiology (MOOSE 
GROUP), we designed this study as a systematic 
review and meta-analysis of observational studies. 

 
 

2  Materials and methods  

2.1  Identification of eligible studies and data  
extraction 

We performed a search to identify observational 
studies and randomized controlled trial (RCT) that 
examined rituximab therapy for SLE patients. Lit-
erature searches were performed using the PubMed 
database (between Jan. 1, 2002 and Dec. 31, 2011). 
We also searched the American College of Rheuma-
tology (ACR) and the Europe League against Rheu-
matology (EULAR), the following key words and 
Medical Subject Headings (MeSH) terms were used: 
‘Lupus’, ‘Systemic lupus erythematosus’, ‘Rituxi-
mab’, and ‘Anti-CD20’. We reviewed all references 
in the studies included to determine extra works not 
included in the electronic databases. No language 
restrictions were considered. 

2.2  Criteria for considering articles for review 

We reviewed RCTs and further included cohort 
studies, case control studies, and case series (>5 
cases). Studies were included if they met the follow-
ing criteria: (1) the study that examined rituximab as 
an induction therapy for SLE; (2) the study that re-
corded the necessary data about therapy efficacy and 
safety; and (3) patients with a diagnosis of SLE based 
on the ACR criteria. We excluded studies that in-
cluded pediatric patients.  

In the studies included in our review, the com-
plete remission criteria of LN were defined as a 

normal value for serum creatinine, normal serum 
albumin, inactive urinary sediment, and a 24-h uri-
nary albumin level <0.5 g. Partial remission criterion 
of LN was defined as a ≥50% improvement in all 
renal parameters that were abnormal at baseline 
without deterioration in any parameter. The studies 
with imputed standard deviations (SDs) were defined 
as low quality studies. 

One reviewer (Dr. Lan LAN) extracted the data 
and another reviewer (Dr. Fei HAN) verified that the 
data had been accurately recorded. 

2.3  Statistical analysis 

Data were extracted and summarized using the 
medians or means and the SDs as provided by the 
authors. Missing data were requested from the study 
authors by e-mail. Analysis of the indicators of het-
erogeneity between studies was performed to deter-
mine whether these indicators could be combined, 
heterogeneity was analyzed using χ2 test with N−1 
degrees of freedom. A P value of 0.05 was regarded 
as the critical value for homogeneity. Continuous 
outcome data from individual trials were 
meta-analyzed using the weighted mean difference 
(WMD) as combined effect. If the studies included 
were homogeneous, they were meta-analyzed with 
using the fixed effects model to estimate the com-
bined effect. If the studies included were heteroge-
neous, they were analyzed using random effects 
model to estimate the combined effect. All statistical 
analyses were performed using Review Manager 4.2 
statistical software. 

 
 

3  Results 
 
Our search returned 589 publications and ab-

stracts, of which 503 were clearly not relevant to the 
study and excluded. Fifty-one studies were excluded 
due to the absence of required data, and 14 reviews 
were excluded. We included 19 observational studies 
and 2 RCT studies for systematic review (Fig. 1). 

3.1  Characteristics of the included studies and 
their quality 

Tables 1 and 2 show a summary of included 
studies. We found 2 RCTs (Furie et al., 2009; Merrill 
et al., 2011) and 19 observational studies (Leandro et al.,  
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2002; Leandro et al., 2005; Vigna-Perez et al., 2006; 
Gunnarsson et al., 2007; Tokunaga et al., 2007; Sutter 
et al., 2008; Tamimoto et al., 2008; Melander et al., 
2009; Pepper et al., 2009; Catapano et al., 2010; La-
teef et al., 2010; Ramos-Casals et al., 2010; Terrier et 
al., 2010; Pinto et al., 2011; Roccatello, 2011; Tony et 
al., 2011; Turner-Stokes et al., 2011; Vital et al., 2011; 
Arce-Salinas et al., 2012). 

3.1.1  Characteristics of the patients in 19 observa-
tional studies 

We enrolled 19 observational studies included a 
total of 611 patients (520 female (85.1%), 91 male 
(14.9%)) with an average age of 33.6 years (SD=4.37 
years). Of these patients, 222 (36.3%) were diagnosed 
with LN. The median follow-up time was 18.2 months. 

The LN cases consisted of 139 (62.6%) class IV, 
31 (14%) class V, 8 (3.6%) class IV+V, 21 (9.5%) 
class III, 13 (5.8%) other type, and 10 (4.5%) cases 
that were not classified. All patients fulfilled the ACR 
criteria for SLE and were measured using the 2003 
International Society of Nephrology/Renal Pathology 
Society (ISN/RPS) classification of LN. Additionally, 
576 (94.3%) of the SLE patients enrolled in these 
observational studies had active disease that was 
refractory to standard immunosuppressive therapy or 
had relapsed. Previously applied immunosuppressive 

agents included glucocorticoids (GC), CYC, MMF, 
and AZA. 

1. Dose of rituximab 
The dosing of rituximab in SLE patients varied 

between studies; some followed the rheumatoid ar-
thritis guidelines ((0.5–1.0 g)×2 infusions) (Leandro 
et al., 2002; 2005; Vigna-Perez et al., 2006; Pepper et 
al., 2009; Terrier et al., 2010; Pinto et al., 2011), and 
some followed a lymphoma schedule (375 mg/m2× 
4 weeks) (Gunnarsson et al., 2007; Tokunaga et al., 
2007; Sutter et al., 2008; Tamimoto et al., 2008; 
Melander et al., 2009; Catapano et al., 2010; Lateef et 
al., 2010; Ramos-Casals et al., 2010; Terrier et al., 
2010; Roccatello et al., 2011; Vital et al., 2011; 
Arce-Salinas et al., 2012). In our review, except for 
the German Registry of Autoimmune Diseases 
(GRAID) studies in Germany, 268 (50.9%) cases 
received a rituximab (0.5–1.0 g)×2 infusions, 211 
(40.1%) received a rituximab infusion of 375 mg/m2× 
4 weeks, and 46 (8.7%) cases received a dose of ri-
tuximab ≤375 mg/m2×2 weeks. Rituximab was com-
monly co-administered with corticosteroids, with 428 
(70.0%) patients receiving methylprednisolone/ 
prednisolone (100–250 mg) or a full dose of predni-
solone as induction therapy and 99 (16.2%) patients 
receiving CYC with the first infusion of rituximab. 
Additionally, 329 (53.8%) patients received other 
immunosuppressive agents. We analyzed the re-
sponse of 569 patients to receiving methylpredniso-
lone and nonmethylprednisolone induction therapy, 
and the remission rates were 74.9% and 64.2%, re-
spectively (Table 3). 

2. B-cell depletion (BCD) 
Five studies did not mention the number of pa-

tients with BCD. In the remaining 232 cases, 187 
(80.6%) patients achieved satisfactory BCD. Most of 
these patients achieved BCD in 12 weeks, and this 
depletion lasted for 12–48 months. We extracted the 
available data from 173 cases and analyzed the dose 
effect on BCD (Table 4). 

3. Overall clinical response  
The remission rate was registered in 460 cases, 

where 116 (25.2%) patients achieved partial remis-
sion and 153 (33.3%) achieved complete remission. 
In the study of Pinto et al. (2011), 34 complete and 
partial remissions were reported, accounting for 
80.9% of patients. Based on this information, 65.9% 
of patients achieved partial/complete remission. 

476 potentially relevant citations identified in MEDLINE search 
88 potentially relevant citations identified in ACR search 
25 potentially relevant citations identified in EULAR search 

Citations excluded 
Not relevant/not retrievable: 503 

86 studies for detail evaluation 

19 observational studies included in the systematic review and 
meta-analysis   
2 RCT studies 

Studies excluded  
Missing relevant data: 51 
Reviews: 14 

Fig. 1  MEDLINE, the American College of Rheuma-
tology (ACR), and the Europe League against Rheu-
matology (EULAR) search: process selection 
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There were 253 patients in our review that reported a 
change of SLEDAI, with 80.2% of patients achieving 
reduction of SLEDAI. Furthermore, 160 patients 
reported change of BILAG, with 75.6% of patients 
achieving decreases in BILAG score. 

4. Outcome of LN  
There were 220 LN patients included in our re-

view, and 66 patients recorded the change of pro-
teinuria, amounting to 54 (81.8%) patients achieving 
significant decreases in 24-h proteinuria. Of the 220 
lupus patients, 8 studies enrolling 116 patients re-
ported on remission rates. Among these, 44 (37.9%) 
cases achieved complete remission and 40 (34.5%) 
cases reached partial remission. We also investigated 
the response of patients with different pathology 
types to rituximab (Table 5). Patients with LN class 
IV seemed to have the highest sensitivity to rituximab. 

 
 
 
 
 
 
 
 
 
5. Corticosteroid sparing effect 
One hundred percent of patients in our review 

received corticosteroid or prednisone therapy after 
rituximab, and the dose was tapered during follow-up. 
There were 5 studies that detailed the dose change in 

prednisone, and 137 cases indicated a significant 
decrease in prednisone dose, in a mean observational 
period of 18.8 months, with a mean reduction of  
12.13 mg/year. 

6. Serology and complement levels 
It was noteworthy that the serology and com-

plement levels changed in the studies we included. 
For example, Leandro et al. (2002) indicated that after 
rituximab therapy, the IgA, IgM, and IgG levels all 
decreased significantly (P<0.05). Gunnarsson et al. 
(2007) enrolled seven patients, and all were found to 
have a significant reduction in anti-dsDNA, and five 
patients achieved significant increases in C3 levels 
and GFR. Melander et al. (2009), Lateef et al. (2010), 
and Vital et al. (2011) all found decreased anti- 
dsDNA levels after rituximab therapy (P<0.05).  
Terrier et al. (2010) also found a median C3 level 
increase from 0.68 to 0.80 ng/ml and a median anti- 
dsDNA level decrease from 119 to 31 IU/ml (P<0.05) 
in 18 cases. 

7. Adverse effects 
Adverse events (AE) were recorded in 111 (16.8%) 

patients, including infection (70 (63.1%) cases), acute 
infusion reaction (21 (18.9%) cases), severe allergic 
reaction (11 (9.9%) cases), serum sickness (7 (6.3%) 
cases), and delayed infusion reaction (2 (1.8%) cases). 
In the 70 patients who experienced an infection, there 
were 15 cases of urinary tract infections, 9 cases of 
respiratory infection, 2 cases of candidiasis infection, 
3 cases of bacteremia, 1 case of chickenpox, and 1 
case of septicemia. The other 39 infection cases were 
no clearly described (Table 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Role of methylprednisolone as an induction therapy

Infusion ne na nf 
Methylprednisolone as 

induction therapy  
223 167 

(74.9%) 
56  

(25.1%)
Low dose prednisolone 346 222 

(64.2%) 
124 

(35.8%)
ne: number enrolled; na: number achieving remission; nf: number 
failing to achieve remission 

Table 4  Different doses of rituximab in BCD 

Dose ne na 

1 000 mg×2 infusions 122 92 (75.4%) 

500 mg×2 infusions 12 12 (100%) 

375 mg/m2×4 infusions 27 27 (100%) 

375 mg/m2×2 infusions 9 9 (100%) 

100 mg/m2×4 infusions 3 2 (66.6%) 

ne: number enrolled; na: number achieving BCD 

Table 5  LN behavior with rituximab therapy 

Pathology ne nc np nf 

Class IV 49 19 (39.6%) 18 (37.6%) 12 (22.8%)

Class V 14 4 (28.6%) 5 (35.7%) 5 (35.7%)

Class III 4 1 (20.0%) 1 (20.0%) 2 (40.0%)

Class IV+V 3 0 2 (66.6%) 1 (33.3%)
ne: number enrolled; nc: number of complete remission; np: number 
of partial remission; nf: number failing to achieve remission 

 

Table 6  Adverse effects in 111 SLE patients 

Adverse effect Number of patients 

Severe allergic reaction 11 (9.9%) 

Acute infusion reaction 21 (18.9%) 

Delayed infusion reaction 2 (1.8%) 

Severe sickness 7 (6.2%) 

Infection 70 (63.1%) 

Urinary tract infection 15 (21.5%) 

Respiratory infection 9 (12.3%) 

Candidiasis infection 2 (2.9%) 

Chickenpox 1 (1.5%) 

Bacteremia 3 (4.4%) 

Septicemia 1 (1.5%) 

Not clear  39 (55.8%) 
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8. Relapse rate 
Fourteen studies (478 cases) reported that 148 

(31.0%) patients experienced relapse during follow-up, 
with the date of relapse varying from 3 to 44 months. 
Of these, 61 (41.2%) patients were treated with ri-
tuximab (treated with the same dose as the previous 
therapy) during the relapse. Eight (5.4%) patients 
reached remission after the dose of steroid was in-
creased. Furthermore, 11 patients with flare-ups were 
successfully treated with immunosuppressants (e.g., 
MMF, AZA, CYC). In the 61 cases who were treated 
with rituximab during relapse, 46 (75.4%) patients 
achieved complete remission, 9 (14.8%) patients 
achieved partial remission, 3 (4.9%) patients were 
lost to follow-up, and 3 (4.9%) patients had no  
response. 

3.1.2  Efficacy and safety of rituximab in randomized 
controlled studies 

We included the RCTs ‘Explorer’ (Merrill et al., 
2011) and ‘Lunar’ (Furie et al., 2009) and summa-
rized the characteristics of the two RCTs (Table 2). 

1. ‘Explorer’ study 
The ‘Explorer’ trial was a 52-week, multicenter, 

randomized, double blind placebo-controlled trial of 
rituximab in 257 patients with moderately to severely 
active extra renal SLE. In this trial, 257 SLE patients 
were randomized in a 2:1 ratio to receive intravenous 
rituximab (2 times 1 000 mg dose given every 14 d) or 
placebo on Days 1, 15, 168, and 182. At entry, pa-
tients were assigned to receive a new or increased 
prednisone dose (0.50, 0.75, or 1.00 mg/kg) based on 
their baseline steroid use and disease severity. The 
prednisone dose was tapered over the following  
56 weeks. The previous immunosuppressive regimen 
was continued throughout follow-up. The primary 
endpoint was the effect of placebo versus rituximab in 
achieving and maintaining a major clinical response. 
Secondary endpoints were (1) the time-adjusted area 
under the curve minus baseline (AUCMB) of the 
BILAG, (2) the proportion of patients who achieved 
major clinical response, (3) the proportion of patients 
who got better in all organs or with a BILAG C at 
Week 24, (4) the time from remission to the first 
moderate or severe flare-up, (5) quality of life (QoL) 
measured by the Lupus QoL questionnaire, (6) the 
proportion of patients who achieved a major clinical 
response with a prednisone dose of 10 mg/d from 

Weeks 24–52. 
In conclusion, the ‘Explorer’ trial did not meet 

its primary or secondary efficacy outcomes, and none 
of these outcomes were significantly different be-
tween the two treatment groups. 

In the ‘Explorer’ study, there were no statisti-
cally significant differences in the numbers of AEs 
and serious adverse events (SAEs) between the two 
treatment groups, although the frequency of treatment- 
emergent infectious SAEs was higher in the placebo 
group than in the group of patients receiving ri-
tuximab. There was no difference in musculoskeletal 
and connective tissue disorders between the two 
groups. 

2. ‘Lunar’ study 
The objective of the ‘Lunar’ study was to assess 

the efficacy and safety of rituximab in active, prolif-
erative LN. This study was a randomized, double- 
blind phase III study of 144 enrolled class III/IV LN 
participants with a urine protein to creatinine ratio 
(UPCR) of >1. Participants were randomized to re-
ceive either 1 000 mg of rituximab or placebo on Days 
1, 15, 168, and 182. The primary endpoint was the 
proportion of patients who achieved either complete 
or partial remission. The secondary outcomes in-
cluded: (1) decrease of C3 and C4 complement levels 
from baseline; and (2) proportion of patients who 
achieve a complete renal response. There were no 
statistically significant differences in the primary or 
secondary outcomes between the two treatment 
groups. AEs and SAEs were similar between the two 
groups. 

3.2  Meta-analysis  

We combined the data at baseline and after ri-
tuximab therapy from the 19 observational studies. 
The data after rituximab therapy was defined as the 
intervention group and the data at baseline was de-
fined as the comparison group. We did not include the 
data from the 2 RCTs, because we did not get enough 
data of randomized trials. 

3.2.1  Effect on BILAG 

The BILAG data from studies 1 (Leandro et al., 
2002), 2 (Leandro et al., 2005), 9 (Lateef et al., 2010), 
and 10 (Vital et al., 2011) were included in the 
meta-analysis. Although studies 11 (Turner-Stokes et 
al., 2011), 12 (Roccatello et al., 2011), and 14 
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(Catapano et al., 2010) also reported on BILAG, they 
were excluded due to missing data. The homogeneity 
χ2 test value of BILAG data from studies 1, 2, 9, and 
10 was 3.95 (P=0.27 (>0.05)); therefore, the 4 studies 
were considered homogeneous. The overall effect 
was measured to be Z=16.02 (P<0.000 01), indicating 
that treatment with rituximab had significant effects 
on BILAG when compared to baseline (Fig. 2). 

3.2.2  Effect on SLEDAI 

The SLEDAI data from studies 4 (Gunnarsson et 
al., 2007), 6 (Sutter et al., 2008), 7 (Tamimoto et al., 
2008), 12 (Roccatello et al., 2011), and 17 (Terrier et 
al., 2010) were included in the meta-analysis. Al-
though studies 3 (Vigna-Perez et al., 2006), 5 (To-
kunaga, 2007), 13 (Arce-Salinas et al., 2012), and 16 
(Pinto et al., 2011) also reported on SLEDAI, they 
were excluded due to missing data. The homogeneity 
test χ2 value of SLEDAI data from studies 4, 6, 7, 12, 
and 17 was 19.96 (P=0.000 5 (<0.01)) and these 
studies were therefore, not considered homogeneous. 
The combined effect was calculated using the random 
effects model, and was found to be Z=4.61 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(P<0.000 01), indicating that treatment with rituximab 
had significant effects on SLEDAI when compared to 
baseline (Fig. 3). 

3.2.3  Effect on prednisone dose 

The homogeneity test χ2 value of prednisone 
dose data from studies 4 (Gunnarsson et al., 2007), 7 
(Tamimoto et al., 2008), 13 (Arce-Salinas et al., 
2012), 14 (Catapano et al., 2010), 15 (Pepper et al., 
2009), 16 (Pinto et al., 2011), and 17 (Terrier et al., 
2010) was 179.25 (P=0.00001 (<0.05)) and these 
studies were therefore, not considered homogeneous. 
The combined effect was calculated using the random 
effects model, and was found to be Z=2.73 (P=0.006 
(<0.05)), indicating that treatment with rituximab had 
significant effects on prednisone dose when com-
pared to baseline (Fig. 4). 

3.2.4  Effect on 24-h urine proteinuria 

The 24-h urine proteinuria data from studies 4 
(Gunnarsson et al., 2007), 9 (Lateef et al., 2010), 13 
(Arce-Salinas et al., 2012), 14 (Catapano et al., 2010), 
and 17 (Terrier et al., 2010) were combined in a 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study or Subgroup

Gunnarsson et al., 2007
Roccatello et al., 2011
Sutter et al., 2008
Tamimoto et al., 2008
Terrier et al., 2010

Total (95% CI)

Heterogeneity: Tau?= 13.73; Chi?= 19.96, df = 4 (P = 0.0005); I?= 80%
Test for overall effect: Z = 4.61 (P < 0.00001)

Mean

15
17.3
9.03
17.6
10.8

SD

9.2
4.7

2.92
10.2

8.8

Total

7
8

12
8

80

115

Mean

3
3.1

5
7.3
3.4

SD

4.5
3.3

3.42
2.4
5.2

Total

7
8

12
8

80

115

Weight

13.5%
21.7%
25.1%
14.1%
25.7%

100.0%

IV, Random, 95% CI

12.00 [4.41, 19.59]
14.20 [10.22, 18.18]

4.03 [1.49, 6.57]
10.30 [3.04, 17.56]

7.40 [5.16, 9.64]

9.06 [5.20, 12.91]

Baseline After rituximab Mean Difference Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Gunnarsson et al., 2007
Roccatello et al., 2011
Sutter et al., 2008
Tamimoto et al., 2008         
Terrier et al., 2010

Heterogeneity: Tau2=13.73; Chi2=19.96, df=4 (P=0.0005); I2=80%
Test for overall effect: Z=4.61 (P<0.00001)

Review:           SLEDAI
Comparison:   01 SLEDAI before and after rituximab
Outcome:        01 SLEDAI before and after rituximab

Fig. 3  Comparison of SLEDAI index at baseline and after rituximab therapy 

Fig. 2  Comparison of BILAG index at baseline and after rituximab therapy 

Study or Subgroup

Joan et al., 2002
Lateef et al., 2010
Leandro et al.., 2005
Vital et al., 2011.

Total (95% CI)

Heterogeneity: Chi?= 3.95, df = 3 (P = 0.27); I?= 24%
Test for overall effect: Z = 16.02 (P < 0.00001)

Mean

14
13.5
13.6

14

SD

6.2
4.9
5.8
4.3

Total

6
10
24
39

79

Mean

6
1
5
4

SD

1.8
2

2.3
2.4

Total

6
10
19
31

66

Weight

5.5%
13.7%
22.8%
58.0%

100.0%

IV, Fixed, 95% CI

8.00 [2.83, 13.17]
12.50 [9.22, 15.78]
8.60 [6.06, 11.14]

10.00 [8.41, 11.59]

9.91 [8.70, 11.13]

Baseline After rituximab Mean Difference Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Leandro et al., 2002
Lateef et al., 2010
Leandro et al., 2005         
Vital et al., 2011

Heterogeneity: Chi2=3.95, df=3 (P=0.27); I2=24%
Test for overall effect: Z=16.02 (P<0.00001)

Review:           BILAG change after rituximab
Comparison:   01 BILAG before and after rituximab
Outcome:        01 BILAG index before and after therapy
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meta-analysis. We did not include the studies that had 
missing data. The homogeneity test χ2 value of the 
24-h urine proteinuria data from studies 4, 9, 13, 14, 
and 17 was 3.70 (P=0.30 (>0.1)); therefore the 5 
studies were considered homogeneous. Test for over-
all effect was calculated using the fixed effects model 
and found to be Z=7.26 (P<0.000 01), indicating that 
after rituximab treatment the 24-h urine proteinuria 
decreased significantly compared to baseline (Fig. 5). 

3.2.5  Sensitivity analysis 

Given the heterogeneity across studies that re-
ported on SLEDAI and prednisone dose, we con-
ducted sensitivity analysis for these outcomes. 

For the SLEDAI outcome, we excluded the low 
quality studies (with imputed SDs), and re-calculated 
the WMD using the fixed effects model. The 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

homogeneity test χ2 value for studies 4 (Gunnarsson 
et al., 2007), 7 (Tamimoto et al., 2008), and 17 
(Terrier et al., 2010) was 1.73 (P=0.42 (>0.1)), indi-
cating homogeneity. The test for overall effect was 
calculated to be Z=7.59 (P<0.000 01), which indicated 
that the SLEDAI significantly decreased after ri-
tuximab therapy (Fig. 6). 

For the prednisone dose data, we also excluded 
the low quality studies (with imputed SDs), and 
re-calculated the WMD using the fixed effects model. 
As a result, the data from studies 4 (Gunnarsson et al., 
2007), 7 (Tamimoto et al., 2008), and 17 (Terrier et 
al., 2010), had a homogeneity test χ2 value of 4.34 
(P=0.11 (>0.05)). The test for overall effect was cal-
culated to be Z=7.69 (P<0.00001), which indicates 
that prednisone dose significantly decreased after 
rituximab therapy (Fig. 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Comparison of prednisone dose index at baseline and after rituximab therapy 

Study or Subgroup

Arce-Salinas et al., 2012
Catapano et al., 2010
Gunnarsson et al., 2007
Pepper et al., 2009
Pinto et al., 2011
Tamimoto et al., 2008
Terrier et al.,2010

Total (95% CI)

Heterogeneity: Tau?= 208.35; Chi?= 179.25, df = 5 (P < 0.00001); I?= 97%
Test for overall effect: Z = 2.73 (P = 0.006)

Mean

5.4
10

18.9
10

52.2
27.4
30.3

SD

1.35
7.7

14.9
4.9

18.9
13.3
23.7

Total

8
22
7

18
42
8

113

218

Mean

0
5.5
8.3

4
5.6

13.9
12.3

SD

0
2.1
5.9
3.8
3.2

5
10.1

Total

4
22
7

18
42
8

113

214

Weight

17.5%
15.0%
17.5%
17.0%
15.8%
17.2%

100.0%

IV, Random, 95% CI

Not estimable
4.50 [1.16, 7.84]

10.60 [-1.27, 22.47]
6.00 [3.14, 8.86]

46.60 [40.80, 52.40]
13.50 [3.65, 23.35]

18.00 [13.25, 22.75]

16.58 [4.67, 28.48]

Baseline After rituximab Mean Difference Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Arce-Salinas et al., 2012
Catapano et al., 2010
Gunnarsson et al., 2007
Pepper et al., 2009
Pinto et al., 2011
Tamimoto et al., 2008         
Terrier et al., 2010

Heterogeneity: Tau2=208.35; Chi2=179.25, df=5 (P<0.00001); I2=97%
Test for overall effect: Z=2.73 (P=0.006)

Review:           Prednisone dose change after rituximab
Comparison:   01 prednisone dose change after rituximab
Outcome:        01 prednisone dose change

Fig. 5  Comparison of 24-h urine proteinuria index at baseline and after rituximab therapy 

Study or Subgroup

Arce-Salinas et al., 2012
Catapano et al., 2010
Gunnarsson et al., 2007
Lateef et al., 2010
Terrier et al., 2010

Total (95% CI)

Heterogeneity: Chi?= 3.70, df = 3 (P = 0.30); I?= 19%
Test for overall effect: Z = 7.26 (P < 0.00001)

Mean

5.4
2.2
2.7
4.9
3.5

SD

2.9
1.4
2.1
5.7
2.5

Total

8
9
7
7

31

62

Mean

0
0.5
0.8

1
0.6

SD

0
0.67
0.3
1.3
0.9

Total

4
9
7
7

31

58

Weight

37.8%
15.7%
2.1%

44.4%

100.0%

IV, Fixed, 95% CI

Not estimable
1.70 [0.69, 2.71]
1.90 [0.33, 3.47]

3.90 [-0.43, 8.23]
2.90 [1.96, 3.84]

2.31 [1.69, 2.93]

Baseline After rituximab Mean Difference Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Arce-Salinas et al., 2012
Catapano et al., 2010
Gunnarsson et al., 2007
Lateef et al., 2010     
Terrier et al., 2010

Heterogeneity: Chi2=3.70, df=3 (P=0.30); I2=19%
Test for overall effect: Z=7.26 (P<0.00001)

Review:           Proteinuria change before and after rituximab
Comparison:   01 proteinuria change
Outcome:        01 proteinuria change after rituximab
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4  Discussion 
 
B-cells have been demonstrated to play a key 

role in the pathogenesis of lupus beyond their poly-
clonal activation and the production of auto-  
antibodies against self-antigens (Odendahl et al., 
2000). Targeting the B-cell compartment is therefore 
an attractive alternative to current available therapies. 

Rituximab, a chimeric anti-CD20 antibody, 
leads to the depletion of most peripheral B-cells. The 
mechanism of rituximab inducing B-cell depletion is 
unclear; however, in vitro studies have found that ri-
tuximab induces the lysis of CD20-positive lymphoma 
cells by three mechanisms: antibody-dependent cell- 
mediated cytotoxicity (ADCC) (Reff et al., 1994), 
complement-dependent cytotoxicity and direct sig-
naling leading to apoptosis (Shan et al., 2000). 

There have been a few published RCTs that have 
shown good efficacy and safety profiles for this drug 
in patients with rheumatoid arthritis (Bingham et al., 
2010; Emery et al., 2010; Rigby et al., 2011); how-
ever, there is a paucity of evidence assessing the use 
of rituximab therapy in SLE. 

Because there is no standardized dose for ri-
tuximab in clinical practice, the included studies fol-
lowed different schedules. From our review, 40.4% of 
patients received a dose of 375 mg/m2, 51.6% of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

patients received 1 000 mg×2 infusions, and very few 
patients took a low dose of 100–250 mg/m2 or a single 
dose of 500/1 000 mg. As shown in Table 4, we found 
no significant differences for dose on the effect of 
BCD. However, the RCT, which used a dose of  
1 000 mg×2 infusions, had a lower BCD (75.4%). 
BCD may be related to genotype, and one study has 
indicated a unique relationship between BCD and 
FcgRIIIa genotype (Pepper et al., 2009). 

In our review, 65.9% of patients achieved com-
plete/partial remission, which was lower than that 
found in Murray and Perry (2010)’s study. In addition, 
80.2% of patients had a reduction in SLEDAI and 
75.6% of patients showed a reduction in BILAG. 
These data indicate overall improvement in the re-
duction of disease activity after therapy. There were 
418 (68.5%) patients receiving methylprednisolone 
(100–150 mg) as induction therapy, but similar to the 
Pepper et al. (2009)’s study, our analysis indicated 
that additional methylprednisolone did not signifi-
cantly alter disease outcomes (Table 5). 

Three hundred and eleven (50.9%) patients con-
tinued with previously administered immunosup-
pressive agents. Through analysis of the groups either 
continuing with immunosuppressives or not receiving 
immunosuppressive agents, Catapano et al. (2010) 
found no significant difference in the remission rate 

Fig. 6  Sensitivity analysis of SLEDAI at baseline and after rituximab therapy 
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Fig. 7  Sensitivity analysis of prednisone dose at baseline and after rituximab therapy 
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between the two groups. 
Our review also indicated a decrease in serum 

levels of anti-dsDNA, IgA, IgG, and IgM, a rise in 
serum C3 levels, and a decrease in the prednisone 
dose. These results were consistent with the ‘Ex-
plorer’ and ‘Lunar’ RCTs. 

The main adverse effects of rituximab included 
infusion reactions such as headache, nausea, and 
chest discomfort, and were mostly well-tolerated. In 
our review, we summarized the adverse effects from 
111 patients, and found that acute infusion reactions 
accounted for 18.9% of the 111 cases. Most of these 
acute infusion reactions could be reversed with cor-
tisone. Infection accounted for 63.1% of the adverse 
effects, and almost could be controlled. These results 
were similar to those of previous studies. From our 
review, we can conclude that rituximab was safe for 
the treatment of SLE. The ‘Explorer’ and ‘Lunar’ 
studies also indicated that there were no significant 
differences between the experimental and control 
groups. 

Progressive multifocal leukoencephalopathy 
(PML) is a rare, usually fatal disease caused by op-
portunistic infection caused by the JC virus (JCV). 
Although there were no participants with PML in-
cluded in our review, PML has attracted the attention 
of rheumatologists for reports about its association 
with the use of rituximab (Calabrese et al., 2007). In 
December 2006, the US Food and Drug Administra-
tion (FDA) issued an alert about the death of two 
PML cases with SLE, both of whom had been treated 
with rituximab (Molloy and Calabrese, 2010). 

The potential pathogenic mechanism of rituximab- 
related PML remains unknown. The loss of other 
B-cell functions, such as those of antigen-presenting 
cells or cytokine production, may lead to a defect in 
cell-mediated immunity. PML is a rare AE. It occurs 
in fewer than 1 in 10 000 rituximab-treated patients 
(Molloy, 2011). A better understanding of PML’s 
mechanism is necessary for risk prediction and 
guidance of therapy. 

In our study, 148 (31.0%) patients experienced 
relapse during follow-up, while 46 (75.4%) patients 
achieved complete remission after retreatment with 
rituximab. It is believed that relapse time is associated 
with the repopulation of B-cells. Vital et al. (2011) 
confirmed that the repopulation of B-cells predicted 
relapse of the disease, as incomplete B-cell depletion 
at 6 weeks was associated with lower clinical re-
sponse rates. In the study by Catapano et al. (2010), 
however, 6 patients relapsed before the recovery of 

B-cells. 
In our systematic review and meta-analysis, we 

only included adult SLE patients (≥18 years), but 
there have been studies, which have focused on 
childhood SLE or juvenile-onset lupus patients. 
Compared with adult patients, the pediatric patients 
always took a lower dose of rituximab. Marks et al. 
(2005) and Podolskaya et al. (2007) reported that 7 
patients with median age of 14.8 years received a dose 
of 750 mg/m2 (about up to 100 mg, the maximum 
dose was 1 g) on Days 1 and 15. The participants in 
Nwobi et al. (2008)’s study took a dose of 188 and  
375 mg/m2. Similar to the adult patients, most of the 
pediatric patients were administered methylpredni-
solone prior to the injection of rituximab; oral pred-
nisolone was decreased gradually after rituximab 
therapy. Similar to the studies of adult patients, the 
rituximab’s therapy on childhood SLE patients ob-
served positive results. Five patient experienced im-
provement in BILAG, renal function, and proteinuria 
in Marks et al. (2005)’s study. In Podolskaya et al. 
(2008)’s study, 11 (58.8%) patients achieved remis-
sion, and 7 (36.8%) patients had improved outcomes. 
The two studies reported five cases of herpes zoster. 
In Nwobi et al. (2008)’s study, 14 of the 15 patients 
achieved complete/partial remission and decreases in 
SLEDAI, proteinuria, Scr, and prednisone dose. Ri-
tuximab was well tolerated in most pediatric patients.  

Although observational and retrospective studies 
of rituximab showed improved outcomes in SLE 
patients, they were not consistent with the results 
from the RCTs. Although many observational studies 
showed a satisfactory safety profile and clinical effi-
cacy of rituximab in SLE patients, the two RCT 
studies did not achieve their primary and secondary 
endpoints. No significant difference was found be-
tween the rituximab and placebo in preventing or 
delaying moderate to severe flares. Possible reasons 
for this discrepancy are explained below. 

First, the patients included in both the rituximab 
and placebo groups in the ‘Explorer’ and ‘Lunar’ 
studies had active SLE and had previously received 
moderate to high doses of corticosteroids and im-
munosuppressive agents. These studies excluded 
patients who had previously used CYC. Including 
patients with active SLE in both groups is necessary 
to establish efficacy unless a satisfactory control 
group is difficult to recruit (Pinto et al., 2011). The 
patients included in the RCTs were different from 
patients included in the observational studies, as 76% 
of the LN patients enrolled in the AIR registry are 
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refractory to MMF and/or CYC compared with 0% in 
the ‘Lunar’ trial. The difference in ethnic factors 
should also be considered. 

Second, the background therapy should be em-
phasized. Ramos-Casals et al. (2009) viewed a pos-
sible synergistic effect for rituximab in combination 
with CYC and associated CYC with significant ad-
vantages in the treatment of complicated, refractory 
SLE. Other factors, such as degree of resistance to 
other therapies and the ability of instruments to cap-
ture disease activity, should also be considered. 

The present systematic review has several limi-
tations. First, only two RCT studies were included. 
Also, given the heterogeneity between the RCTs and 
observational studies, the RCTs were not included in 
the meta-analysis. Second, several of the included 
studies had small sample sizes. Third, the follow-up 
period varied from 3 to 24 months. Finally, clinical 
heterogeneity was an issue in study type, subject, LN 
class, rituximab dosage, and follow-up duration.  

The observational studies indicated that rituximab 
was effective in severe and refractory SLE patients, 
and they reported decreased SLEDAI, BILAG, urine 
protein levels, and prednisolone dosage. In addition, 
some of the LN patients achieved complete or partial 
remission. In contrast, both of the RCTs did not 
achieve primary and second endpoints, which makes 
us question the true effect attributed to rituximab. 
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