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Abstract. The present study performed a meta‑analysis of 
randomized controlled trials in multiple sclerosis (MS) patients 
to evaluate the efficacy and safety of anti‑B‑cell monoclonal 
antibodies (mAbs). To the best of our knowledge, no previous 
meta‑analysis has evaluated this. Relevant studies published 
until March 2015 were retrieved from the PubMed, EMBASE 
and Cochrane Library using the following keywords: ‘Clinical 
trial’, ‘randomized’, ‘multiple sclerosis’ or ‘MS’ and ‘mono-
clonal antibodies’ or ‘mAbs’. Two authors independently 
selected the articles and extracted the data. The meta‑analysis 
was performed using Review Manager version  5.3 soft-
ware. Four randomized clinical trials comprising a total of 
745 patients were selected. Anti‑B‑cell mAb treatment reduced 
the formation of gadolinium‑enhancing lesions [mean differ-
ence (MD)=‑5.62; 95% confidence interval (CI)=‑8.00 to ‑3.24; 
P<0.001) and was associated with smaller volume changes 
of lesions on T2‑weighted magnetic resonance imaging 
(MD=‑604.40; 95% CI=‑941.23 to ‑267.57; P<0.001). It also 
significantly reduced the proportion of MS patients having at 
least one relapse [odds ratio (OR)=0.25; 95% CI=0.14‑0.44; 
P<0.001). Compared to placebo, anti‑B‑cell mAb treatment 
did not increase the frequency of adverse events (OR=0.90; 
95% CI=0.54‑1.49; P=0.68) and serious adverse events 
(OR=1.13; 95% CI=0.70‑1.80; P=0.62). In conclusion, the 
present meta‑analysis suggested that anti‑B‑cell mAbs are a 
relatively effective and safe treatment for MS. 

Introduction

Multiple sclerosis (MS) is an immune system‑mediated 
inflammatory disease that is characterized by the destruc-
tion of myelin in the central nervous system (CNS). Clinical 
manifestations include loss of vision, extra‑ocular movement 
disorders, paresthesias, loss of sensation, weakness, dysarthria, 

spasticity, ataxia and bladder dysfunction. Although the 
pathogeny of MS is still unknown, it is thought that envi-
ronmental factors (e.g. vitamin D levels, Epstein‑Barr virus 
infections and geographic latitude) as well as genetic factors 
have an important role (1‑3).

MS places a huge burden on affected patients and on 
society. MS typically begins in early adulthood and is the most 
common neurological, non‑traumatic cause of disability (4). 
MS is more common in women and the overall incidence rate 
is 3.5‑6.6 per 100,000 individuals (5). The main goals of MS 
therapy are the prevention of relapses and disease progression. 
In the mid‑1990s, glatiramer acetate and interferon‑β were 
introduced as first‑line drugs. A decade later, the first oral 
drugs, fingolimod, dimethyl fumarate and teriflunomide, were 
introduced. Over the last decade, research has focused on the 
development of targeted therapies, and several novel drugs are 
now either approved, or in phase‑II or ‑III clinical trials (6). 
Monoclonal antibodies (mAbs) are a class of targeted drugs. 
Drugs targeting the immune system are effective MS treat-
ments, as T‑ and B lymphocytes may have an important role in 
the formation of CNS lesions (7). mAbs for use in humans are 
prepared using recombinant DNA technology, with the most 
commonly used mAbs for the treatment of MS being human-
ized mAbs (e.g., natalizumab, alemtuzumab or daclizumab) or 
mouse/human chimeric mAbs (e.g., rituximab).

The role of B cells and their products in the pathogenesis 
of MS has been studied for decades. Studies show that B cells 
may have a substantial role in MS pathogenesis and develop-
ment (8). Based on these reasons, treatments that specifically 
target B cells were applied to MS, and CD20‑targeting mAbs 
were developed. Rituximab, ocrelizumab and ofatumumab are 
all based on mAbs targeting CD20+ B‑cells. Several clinical 
trials assessing the safety and efficacy of anti‑B‑cell mAbs in 
patients with MS have already been completed or are ongoing. 
However, no long‑term trials evaluating the efficacy and safety 
of anti‑B‑cell mAbs treatment for MS are currently available 
and the sample size in previous studies is small. Therefore, 
the present study performed a meta‑analysis to evaluate the 
efficacy and safety of anti‑B‑cell mAbs in placebo‑controlled, 
randomized clinical trials in MS patients. Meta‑analysis is the 
statistical pooling of results from several studies in order to 
estimate the effects of a treatment. It overcomes the limita-
tions of small sample size and rare outcomes, and allows for 
the application of powerful statistical techniques to study the 
effects of interest (9).
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Materials and methods

Data sources. A comprehensive and systematic literature 
search was performed for all randomized clinical trials that 
compared anti‑B‑cell mAbs (rituximab, ocrelizumab or 
ofatumumab) and a placebo in MS patients. The PubMed, 
EMBASE and Cochrane Library databases were searched 
for studies published until March 2015 using the medical 
subject heading terms ‘clinical trial’, ‘randomized’, ‘multiple 
sclerosis’ or ‘MS’ and the drug names ‘monoclonal antibodies’ 
or ‘mAbs’. The reference lists of all included studies and any 
associated review articles were also searched to identify any 
relevant studies that were missed in the initial search.

Study selection. The full‑length articles of studies evaluating 
mAbs and MS were selected if they fulfilled the following 
inclusion criteria: i) The study population was composed of 
MS patients with any type of MS, ii) the treatment interven-
tion was rituximab, ocrelizumab or ofatumumab, iii)  the 
comparison group was treated with a placebo, and iv) the trial 
was a randomized controlled trial. Exclusion criteria were as 
follows: i) The patients were not diagnosed with MS, ii) the 
treatment intervention was another type of mAb, iii)  the 
comparison group received another drug for the treatment of 
MS, and iv) the studies were non‑randomized clinical trials. 
Two reviewers independently scrutinized the electronic 
literature searches and obtained full‑length articles of all 
the citations that met the predefined selection criteria. Any 
discrepancies were solved by discussion. After identifying the 
articles and screening the abstracts, the studies were read in 
full. Ultimately, four primary studies met the inclusion criteria.

Outcomes. Lesions detected by magnetic resonance imaging 
(MRI) and relapse frequency are the key measures of success 
in MS treatment trials and are frequently used as primary 
outcome measures, which were adopted in the present study. 
The secondary outcomes were patients who experienced 
adverse and serious adverse events.

Data extraction. The following information was extracted 
from the studies: The first author's last name, year of publi-
cation, duration of treatment, sample size, gender, mean age, 
volume change of MS lesion from baseline on T2‑weighted 
MRI, relapse and adverse events (Table  I). Two authors 
extracted the data independently and any discrepancies were 
solved by discussion.

Statistical analysis. The meta‑analysis and all statistical tests 
were performed and forest plots were created using RevMan 5 
software, version 5.3 (Cochrane Community, London, UK). 
For dichotomous data, outcomes were pooled using the 
Mantel‑Haenszel method, and measures of effect are presented 
as odds ratios (ORs) with 95% confidence intervals (CIs). For 
continuous data, the sample size‑weighted mean difference 
(MD) was calculated when outcomes were measured in the 
same manner among studies. The presence of significant 
heterogeneity was examined using the I squared (I2) test, 
a measure of how much variance between studies can be 
attributed to differences between studies rather than chance. A 
larger I2 value indicates greater heterogeneity. In cases where 
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I2 exceeded 50%, results were pooled using random effects 
models; otherwise, fixed effects models were used. Forest 
plots are graphical displays that show the pooled point esti-
mate (95% CIs) for each outcome of interest. Forest plots were 
used to show the results from individual studies together with 
the combined result. The present meta‑analysis was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analysis statement protocol (10).

Results

Study characteristics. In the initial literature search,  
346 studies were identified, 335 of which were excluded by 
screening of their title and abstracts. After reviewing the full 
text of the remaining 11 studies, four studies, including five 
trials (one study was regarded separately as two trials due to 
different dosages) with a total of 745 patients contained suffi-
cient information to be included in the statistical analysis, and 
compared anti‑B‑cell mAbs with a placebo (11‑14). The most 
common reasons for exclusion were that studies were reviews, 
contained patients not diagnosed with MS, non‑randomized 
clinical trials, use of a mAb other than rituximab, ocrelizumab 
or ofatumumab as a treatment intervention, and insufficient 
data (Fig. 1). The risk of bias for each criterion was assessed 
in six components, including adequate sequence generation, 
allocation concealment, blinding, incomplete outcome data 
addressed, selective reporting and other bias by using RevMan 
software (Fig. 2).

Number of gadolinium‑enhanced lesions. The number of 
gadolinium‑enhanced lesions on MRI was reported by three 

trials involving 268 patients  (11,13). Meta‑analysis showed 
that significantly fewer gadolinium‑enhanced lesions were 
encountered in the anti‑B‑cell mAbs group than in the placebo 
group (MD=‑5.62; 95% CI=‑8.00 to ‑3.24; P<0.001; Fig. 3). No 
heterogeneity existed between these studies (I2=0%, P<0.001).

Volume change of lesions from baseline on T2‑weighted MRI. 
Four trials involving 707 patients provided data on the volume 
change of lesions from baseline on T2‑weighted MRI (11‑13). 
As presented in Fig. 4, compared with the placebo group, 
the anti‑B‑cell monoclonal antibodies group showed signifi-
cantly lower changes in lesion volume on T2‑weighted MRI  
(MD=‑604.40; 95% CI=‑941.23 to ‑267.57; P<0.001). No 
heterogeneity existed between these studies (I2=0%, P<0.001).

Proportion of patients with relapse. Four trials involving 
306  patients described the proportion of patients who 
relapsed  (11,13,14). Meta‑analysis demonstrated that the 
proportion of patients who had at least one relapse of MS was 
significantly reduced by anti‑B‑cell mAb treatment (OR=0.25; 
95% CI=0.14‑0.44; P<0.001; Fig. 5). No heterogeneity existed 
between these studies (I2=0%, P<0.001).

Adverse events and serious adverse events. All of the five 
studies reported on adverse events (11‑14). Adverse events were 
graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 3.0. In the 
overall analysis, there was no significant difference in the 
frequency of adverse events between the anti‑B‑cell mAb 
treatment groups and the placebo groups (OR=0.90; 95% 
CI=0.54‑1.49; P=0.68; Fig. 6A). Heterogeneity existed among 

Figure 1. Flow chart illustrating the strategy of selection of studies included 
in the present meta‑analysis.

Figure 2. Risk of bias for each criterion for each included study. 
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the included studies (I2=48%, P=0.68). Serious adverse events 
were reported in five studies (11‑14). As above, the overall 
results of the meta‑analysis revealed that patients receiving 

anti‑B‑cell mAbs exhibited no significant difference in 
serious adverse events compared with those in the placebo 
group (OR=1.13; 95% CI=0.70‑1.80; P=0.62; Fig. 6B). No 

Table II. Meta‑analysis of other reported adverse events, excluding adverse and serious adverse events.

	 Events/group size (n)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Adverse event	 mAbs	 Placebo	 P‑value	 OR	 95% CI

Fatigue	 45/387	 9/194	 0.0090a	 2.68	 1.28‑5.62
Headache	 149/497	 18/302	 0.0300a	 1.87	 1.06‑3.29
Chills	 48/471	 4/290	 0.0002a	 5.37	 2.19‑13.16
Throat irritation	 38/387	 0/194	 0.0010a	 15.93	 3.00‑84.67
Infection	 298/497	 171/302	 0.9400	 0.99	 0.73‑1.34
Urinary tract infection	 15/179	 13/143	 0.6200	 0.82	 0.37‑1.83
Nasopharyngitis	 15/179	 10/143	 0.7200	 0.85	 0.36‑2.04
Upper respiratory tract infection	 23/205	 12/155	 0.6400	 1.20	 0.56‑2.54

aStatistically significant difference between the anti‑B‑cell mAbs and the placebo. mAb, monoclonal antibody; OR, odds ratio; CI, confidence 
interval.

Figure 3. Forest plot showing the number of gadolinium‑enhanced lesions on magnetic resonance imaging. SD, standard deviation; df, degrees of freedom; 
CI, confidence interval.

Figure 4. Forest plot showing volume changes of lesions (mm3) from baseline on T2‑weighted magnetic resonance imaging. SD, standard deviation; df, degrees 
of freedom; CI, confidence interval.

Figure 5. Forest plot showing the proportion of patients who had at least one relapse of multiple sclerosis. SD, standard deviation; df, degrees of freedom; CI, 
confidence interval; M‑H, Mantel‑Haenszel.
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heterogeneity existed between the above studies (I2=0%, 
P=0.62).

The adverse events that occurred more frequently in patients 
receiving anti‑B‑cell mAbs compared with those in patients 
receiving placebo were fatigue (OR=2.70; 95% CI=1.29‑5.65; 
P=0.008), headache (OR=1.87; 95% CI=1.06‑3.29; P=0.03), 
chills (OR=5.37; 95% CI=2.19‑13.16; P<0.001) and throat 
irritation (OR=15.93; 95% CI=3.00‑84.67; P=0.001; Table II). 
All other reported adverse events, including all infection 
events, urinary tract infection, nasopharyngitis and upper 
respiratory tract infection did not differ significantly between 
patients receiving anti‑B‑cell mAbs and those receiving 
placebo (Table II).

Discussion

To the best of our knowledge, the present meta‑analysis was 
the first to evaluate the efficacy and tolerability of anti‑B‑cell 
mAbs in patients with MS, although a previous study 
performed a meta‑analyses on a different type of mAb (15). 
The meta‑analysis included studies using rituximab, ocreli-
zumab and ofatumumab, thus broadening the number of 
studies and enlarging the population size. Natalizumab, 
daclizumab and alemtuzumab were excluded from the present 
meta‑analysis because they did not meet the inclusion criteria 
applied. Several conclusions can be drawn from the present 
meta‑analysis. First, anti‑B‑cell mAbs were significantly more 
effective than placebo in preventing the occurrence of new 
gadolinium‑enhanced lesions, volume changes of lesions from 
baseline on T2‑weighted MRI and relapse of MS. Furthermore, 
there was no significant difference between the anti‑B‑cell 
monoclonal antibodies and placebo in terms of overall adverse 
events and serious adverse events. However, fatigue, head-
ache, chills and throat irritation occurred more frequently 

in anti‑B‑cell mAb‑treated groups. Importantly, most of the 
adverse events can be treated using standard therapies.

Rituximab is a monoclonal antibody that under current 
evaluation for MS treatment. It targets the B‑cell surface 
molecule CD20 and lyses B‑cells (early pro‑B cells and plasma 
cells are spared) (16). The main adverse events described in 
the two trials on rituximab examined in the present study 
were infusion‑associated reactions and infections  (11,12). 
However, infusion‑associated reactions are reduced with 
subsequent infusions. The most common types of infection 
were nasopharyngitis, upper respiratory tract infection and 
urinary tract infection. One of the trials described two serious 
infection‑associated adverse events (gastroenteritis and bron-
chitis) in the rituximab group, which were resolved without 
sequelae (11). There were four deaths in these two studies (two 
in the placebo group and two in the rituximab group), but none 
of them was associated with the drug (from the rituximab 
group: One patient had a history of brainstem lesions and 
aspiration, and the other one died of homicide and from the 
placebo group: One patient succumbed to cardiopulmonary 
failure and another withdrew from the study and later died 
from pneumonia). These outcomes showed that rituximab is 
safe; however, a study in rheumatoid arthritis patients treated 
with rituximab concluded that there is an increased risk of 
progressive multifocal leukoencephalopathy (PML)  (17). 
Therefore, a larger number of patients and an increased dura-
tion of treatment and observation are required to detect side 
effects associated with long‑term use. Furthermore, the FDA 
approved the use of rituximab under certain circumstances 
for the treatment of chronic lymphocytic leukemia (CLL), 
non‑Hodgkin lymphoma (NHL), rheumatoid arthritis, and 
granulomatosis with polyangiitis and microscopic polyangi-
itis (18). Although it is not approved for use in MS, it is quite 
often used off‑label (19).

Figure 6. Forest plot showing the incidence of (A) adverse events and (B) serious adverse events. Adverse events were graded according to the National 
Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. SD, standard deviation; df, degrees of freedom; CI, confidence interval; M‑H, 
Mantel‑Haenszel.

  A

  B
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Similar to rituximab, ocrelizumab targets CD20 cells of 
the B‑cell lineage. The most common adverse events observed 
in clinical trials are associated with the first infusion, and their 
severity is limited to mild‑to‑moderate. Studies on ocrelizumab 
in rheumatoid arthritis and lupus patients revealed increased 
serious opportunistic infections that led to the termination 
of drug use; however, opportunistic infections have not been 
observed in clinical trials on MS. However, in one trial (13), 
one patient in the 2,000 mg group died in week 14 due to 
brain edema, after the occurrence of systemic inflammatory 
response syndrome. Whether ocrelizumab contributed to the 
patient's death remains elusive. Trials over longer periods of 
time with large populations are required to evaluate the risk 
of rare adverse events such as serious opportunistic infections. 
No cases of PML have been reported in MS patients who 
received ocrelizumab treatment.

Ofatumumab is also a humanized mAb that targets 
CD20 on B lymphocytes. In the respective trial (14), the most 
common adverse event was an infusion‑associated reaction; 
most adverse reactions were mild and were common on the 
first day of ofatumumab dosing, but were not observed on 
the second day of infusion. The percentage of patients with 
infection was similar between the mAb and placebo groups 
and most infections were mild or moderate. Serious adverse 
events were observed in 2 patients: One case in the placebo 
group had influenza and one case in the ofatumumab group 
had a headache leading to hospitalization but was considered 
unrelated to ofatumumab; the adverse events were resolved in 
the two cases. No cases of opportunistic infections and PML 
have been reported in association with ofatumumab treatment.

Since the present study depended on other studies, it had 
certain limitations. Due to the use of electronic databases and 
the search strategy applied, certain articles may have been 
missed. There may have also been bias in case selection. In 
addition, certain studies were included that had different base-
line characteristics, including the follow‑up time and mean 
age. Finally, only few long‑term trials were available, which 
reduced the chance of encountering adverse events. Therefore, 
more log‑term trials are required to assess adverse effects of 
treatment.

In conclusion, the results of the present meta‑analysis 
showed that, compared to placebo treatment, the three 
anti‑B‑cell mAbs treatment has a beneficial effect and 
tolerable adverse events in MS patients. B‑cell‑targeting 
mAb treatment significantly reduced the occurrence of new 
gadolinium‑enhanced lesions, volume changes of lesion from 
baseline on T2‑weighted MRI and relapse. Thus, their effec-
tiveness and tolerable safety profile make anti‑B‑cell mAbs 
desirable drugs for MS treatment. Although interferon‑β and 
glatiramer acetate have been used for the treatment of MS for 
decades and show a favorable safety profile, they can only 
partially protect against relapses. Natalizumab showed greater 
effectiveness, but carries a risk of PML. Several therapies have 
no available long‑term safety profiles. Based on the above 
reasons, anti‑B‑cell mAbs may be promising drugs for the 
treatment of MS with greater efficacy and safety. Although 
this novel therapy is likely to have Ab‑specific risks and 
complications, pharmacovigilance or risk management plans 
may make these effective treatments accessible to patients. 
Therefore, vigilant monitoring of patients undergoing therapy 

is required and long‑term studies of anti‑B‑cell mAbs should 
be performed.
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